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Annex M:	Detailed Test Procedures for 5G NR User Equipment 
This annex contains the detailed procedures that are recommended to be used for Field and Lab Tests for 3GPP 5G NR User Equipment.
Note (informative): Field tests are to be carried out on devices that are based on 3GPP Rel-15 or later core specifications. For SA the version of the 3GPP specification selected must be 15.3.x or later to avoid backward incompatibly problems.
Note: Definitions of 5G abbreviations are available in the Glossary, Annex H
[bookmark: _Toc514833942][bookmark: _Toc530672804][bookmark: _Toc4500291]100	Attach and Detach Related Test Cases
[bookmark: _Toc514833943][bookmark: _Toc530672805][bookmark: _Toc4500292]100.1	Attach and Detach for EPS Services
[bookmark: _Toc514833944][bookmark: __RefHeading___Toc211104_752841376][bookmark: _Toc514833948][bookmark: _Toc530672806][bookmark: _Toc4500293]100.1.1	EPS Attach and Detach for EPS Services
For 5G NR capable devices performing an EPS Attach/Detach for 5G NR Option 3, test cases in Annex C, Chapter 30.1.1 apply. This section therefore just references those test cases and only lists additional setup and execution steps that are required when an LTE eNB is complemented with a 5G NR gNB.
Note: Test cases that just contain a reference to Annex C may also be executed with an LTE eNB without a co-located 5G gNB and only need to be executed once for devices that are both LTE and 5G NR option 3 capable.
[bookmark: _Toc4500294]100.1.1.1	EPS Attach
Description
The DUT shall successfully perform the “EPS Attach” and “Default EPS Bearer Context Activation” procedures via an LTE eNB Master Node with a 5G NR gNB Secondary Node (5G NR EN-DC option 3).
Applicability
3GPP Rel. 15 or later
Non-SA Option 3
Related core specifications
3GPP TS 24.301, 5.5.1
3GPP TS 36.331, 5.3.3
3GPP TS 38.331, 6.3.3
Reason for test
To verify the 5G DUT can successfully establish a Default EPS bearer with EPS Attach in a 5G NR option 3 network configuration and, depending on network settings and manufacturer configuration, show an indication to the user that 5G service is available.
Initial configuration
DUT supports EN-DC option 3
A UICC with a subscription for 5G services is used
Network coverage is an EN-DC configuration with LTE eNB Master Node connected to an EPC and with a 5G NR gNB Secondary Node (i.e. non-standalone option 3).
DUT is powered off or in flight mode
Test procedure
	-
	Test procedure
	Expected behaviour

	1
	Power on DUT / disable flight mode and confirm successful attach procedure.
	Check in the trace if the network sets the upperLayerIndication-r15 flag in LTE SIB2 to indicate to the UE that a co-located 5G NR gNB is available at this location. 
(Note: Depending on the network operator, this flag may or may not be set. If not set, either no 5G NR gNB is available at this location or the network operator does not want to indicate this. Therefore if the flag is not set, ensure that the LTE eNB used for this test is actually configured for 5G NR option 3 operation.)
DUT sends ATTACH REQUEST to the network with type EPS ATTACH (1).
Check that the UE informs the network that it is 5G NR option 3 capable by including the following IE’s:
·  in the ATTACH REQUEST message:
· “UE Network Capability” with the DCNR bit set to 1 (dual connectivity with NR supported)
·  “UE Additional Security Capability” indicating support for 5G encryption and integrity algorithms
· UE-MRDC-Capability container in the ueCapabilityInformation message.
Network sends ATTACH ACCEPT and ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST containing the APN and PDN type.
DUT sends ACTIVATE DEFAULT EPS BEARER CONTEXT ACCEPT to the network.

	2
	Verify on the display that the DUT shows the proper radio network icon.
	[If SIB2 indicates the presence of a 5G NR gNB, check that the UE displays a network icon that indicates that 5G coverage is available. How the icon looks like is implementation specific.
Note 1: If SIB2 does not contains this indication, the 5G icon might not be shown at all or only during times in which the DUT is in RRC Connected state and the network has configured the UE to use the co-located 5G gNB in addition to the LTE eNB.
Note 2: The device manufacturer could decide not to use the SIB2 information to show the 5G icon. If no 5G icon is shown, verify with the manufacturer if this is the intended configuration.]

	3
	Load a page on the embedded browser (or via a tethering connection if embedded browser is not supported).
	Page is loaded successfully to confirm data connection.


Example message flow:
	Step
	Direction
DUT - NW
	Message
	Comments

	1
	-->
	ATTACH REQUEST
(PDN CONNECTIVITY REQUEST)
	EPS attach (1)

	2
	<--
	ATTACH ACCEPT
(ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST)
	

	3
	-->
	ATTACH COMPLETE
(ACTIVATE DEFAULT EPS BEARER CONTEXT ACCEPT)
	



[bookmark: _Toc4500295]100.1.1.2	Attach Reject, cause #7 "EPS Services not allowed"
Applicability
3GPP Rel. 15 or later
Non-SA Option 3
Please refer to Annex C, 30.1.1.2
[bookmark: _Toc4500296]100.1.1.3	Attach Reject, cause #14 "EPS Services not allowed in this PLMN"
[bookmark: _Toc4500297]100.1.1.3.1	Attach Reject, cause #14 "EPS Services not allowed in this PLMN" - multiple PLMN environment
Applicability
3GPP Rel. 15 or later
Non-SA Option 3
Please refer to Annex C, 30.1.1.3.1
[bookmark: _Toc4500298]100.1.1.3.2	Attach Reject, cause #14 "EPS Services not allowed in this PLMN" - single PLMN environment
Applicability
3GPP Rel. 15 or later
Non-SA Option 3
Please refer to Annex C, 30.1.1.3.2
[bookmark: _Toc4500299]100.1.1.4	Attach Reject, cause #25 "not authorised for this CSG"
Applicability
3GPP Rel. 15 or later
Non-SA Option 3
Please refer to Annex C, 30.1.1.4
[bookmark: _Toc4500300]100.1.1.5	Attach Reject, cause #11 "PLMN not allowed"
Applicability
3GPP Rel. 15 or later
Non-SA Option 3
Please refer to Annex C, 30.1.1.5
[bookmark: _Toc4500301]100.1.1.6	Attach Reject, cause #3 "Illegal UE" and cause #6 “Illegal ME”
Applicability
3GPP Rel. 15 or later
Non-SA Option 3
Please refer to Annex C, 30.1.1.6
[bookmark: _Toc4500302]100.1.1.7	Attach Reject, cause #15 "No suitable cells in TA"
[bookmark: _Toc4500303]100.1.1.7.1	Attach Reject, cause #15 "No suitable cells in TA", E-UTRA only
Applicability
3GPP Rel. 15 or later
Non-SA Option 3
Please refer to Annex C, 30.1.1.7.1
[bookmark: _Toc4500304]100.1.1.7.2	Attach Reject, cause #15 “No suitable cells in TA”, Multimode
Applicability
3GPP Rel. 15 or later
Non-SA Option 3
Please refer to Annex C, 30.1.1.7.2
[bookmark: _Toc4500305]100.1.1.8	EPS Detach
Applicability
3GPP Rel. 15 or later
Non-SA Option 3
Please refer to Annex C, 30.1.1.8
[bookmark: _Toc4500306]100.1.1.9	Attach Reject, cause #19 “ESM Failure”, PDN Connectivity Reject, ESM cause #111"Protocol Error, unspecified”
Applicability
3GPP Rel. 15 or later
Non-SA Option 3
Please refer to Annex C, 30.1.1.9
[bookmark: _Toc4500307]100.1.1.10	EPS Attach unsuccessful for 5G services
Description
The DUT shall successfully perform the “EPS Attach” and “Default EPS Bearer Context Activation” procedures via an LTE eNB Master Node with a 5G NR gNB Secondary Node (5G EN-DC option 3) even in case if the UICC is not subscribed for 5G services
Applicability
3GPP Rel. 15 or later
Non-SA Option 3
Related core specifications
3GPP TS 24.301, 5.5.1
3GPP TS 36.331, 5.3.3
3GPP TS 38.331, 6.3.3
Reason for test
To verify the 5G DUT can successfully establish a Default EPS bearer with EPS Attach in a 5G NR option 3 network configuration and should not show an indication to the user that 5G service is available.
Initial configuration
DUT supports 5G EN-DC option 3
A UICC with a missing subscription for 5G services is used
Network coverage is an EN-DC configuration with LTE eNB Master Node connected to an EPC and with a 5G NR gNB Secondary Node (i.e. non-standalone option 3).
DUT is powered off or in flight mode
Test procedure
	-
	Test procedure
	Expected behaviour

	1
	Power on DUT / disable flight mode and confirm successful attach procedure.
	Check in the trace if the network sets the upperLayerIndication-r15 flag in LTE SIB2 to indicate to the UE that a 5G NR Secondary Node gNB is available at this location. 
(Note: Depending on the network operator, this flag may or may not be set. If not set, either no 5G NR gNB is available at this location or the network operator does not want to indicate this. Therefore if the flag is not set, ensure that the LTE eNB used for this test is actually configured for 5G NR option 3 operation.)
DUT sends ATTACH REQUEST to the network with type EPS ATTACH (1).
Check that the UE informs the network that it is 5G NR option 3 capable by including following IE’s:
·  in the ATTACH REQUEST message:
· “UE Network Capability” with the DCNR bit set to 1 (dual connectivity with NR supported)
·  “UE Additional Security Capability” indicating support for 5G encryption and integrity algorithms
· the UE-MRDC-Capability container in the ueCapabilityInformation message
Network includes following IE in ATTACH ACCEPT:
· RestrictDCNR = 1 (Use of dual connectivity with NR is restricted) 

	2
	Verify on the display that the DUT shows the proper radio network icon.
	Device shall show only 4G icon

	3
	Load a page on the embedded browser (or via a tethering connection if embedded browser is not supported).
	Page is loaded successfully to confirm data connection.


Example message flow:
	Step
	Direction
DUT - NW
	Message
	Comments

	1
	-->
	ATTACH REQUEST
(PDN CONNECTIVITY REQUEST)
	EPS attach (1)

	2
	<--
	ATTACH ACCEPT
(ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST)
	

	3
	-->
	ATTACH COMPLETE
(ACTIVATE DEFAULT EPS BEARER CONTEXT ACCEPT)
	




[bookmark: _Toc530672807][bookmark: _Toc4500308]100.1.2	Combined Attach and Detach
[bookmark: _Toc4500309]100.1.2.1	Combined Attach
Applicability
3GPP Rel. 15 or later
Non-SA Option 3
Please refer to Annex C, 30.1.2.1 for general execution of the test case
Please refer to 100.1.1.1 for 5G NR option 3 specifics that have to be checked in this test case, particularly the signalling of 5G NR capabilities and indication of a 5G icon on the display of the DUT.
[bookmark: _Toc4500310]100.1.2.2	Combined Attach – successful for EPS services only, cause #18 “CS Domain not available”
Applicability
3GPP Rel. 15 or later
Non-SA Option 3
Please refer to Annex C, 30.1.2.2 for general execution of the test case
Please refer to 100.1.1.1 for 5G NR option 3 specifics that have to be checked in this test case, particularly the signalling of 5G NR capabilities and indication of a 5G icon on the display of the DUT.
[bookmark: _Toc4500311]100.1.2.3	Combined Detach
Applicability
3GPP Rel. 15 or later
Non-SA Option 3
[bookmark: __DdeLink__12360_4003252870]Please refer to Annex C, 30.1.2.3
[bookmark: _Toc4500312]100.1.2.4	Combined NW initiated detach – re-attach required
Applicability
3GPP Rel. 15 or later
Non-SA Option 3
Please refer to Annex C, 30.1.2.4
[bookmark: _Toc4500313]100.1.2.5	Combined Attach – successful for EPS services only, cause #16 “MSC temporarily not reachable”
Applicability
3GPP Rel. 15 or later
Non-SA Option 3
Please refer to Annex C, 30.1.2.5


[bookmark: _Toc4500314][bookmark: _Toc530672808]100.2	Registration and Deregistration for 5GC Services
[bookmark: _Toc4500315]100.2.1	5GC Registration 
[bookmark: _Toc4500316]100.2.1.1	5GC Registration – Option 2
Description
The DUT shall successfully perform the registration to the 5G system and establish PDU sessions as indicated.
Applicability
3GPP Rel.15 or later
SA Option 2
Related core specifications
3GPP TS 23.502
Reason for test
To verify the DUT can successfully perform the registration to the 5G system and establish PDU sessions as indicated.
Initial configuration
DUT and NW support 5G NR Option 2.
Scenario A: DUT is powered off
Scenario B: Flight mode enabled.
Test procedure
[bookmark: _Toc4500317]Scenario A: Power ON
	-
	Test procedure
	Expected behaviour

	1
	Power on DUT and confirm successful registration procedure.
	DUT sends REGISTRATION REQUEST to the network with Registration type set to “initial registration”.
Network sends REGISTRATION ACCEPT.
DUT sends REGISTRATION COMPLETE to the network.

	2
	Perform data transfer on the DUT (e,g, Load a page on the embedded browser).
	Data transfer is successful. (e,g, Page is loaded successfully)


[bookmark: _Toc4500318]Scenario B: Flight Mode OFF
	-
	Test procedure
	Expected behaviour

	1
	Disable Flight Mode and confirm successful registration procedure.
	DUT sends REGISTRATION REQUEST to the network with Registration type set to “initial registration”.
Network sends REGISTRATION ACCEPT.
DUT sends REGISTRATION COMPLETE to the network.

	2
	Perform data transfer on the DUT (e,g, Load a page on the embedded browser).
	Data transfer is successful. (e,g, Page is loaded successfully)



Example message flow
	Step
	Direction
UE - NW
	Message
	Comments

	1
	-->
	REGISTRATION REQUEST
	Registration type “initial registration”

	2
	<--
	REGISTRATION ACCEPT
	

	3
	-->
	REGISTRATION COMPLETE
	


[bookmark: _Toc4500319][bookmark: _Toc518574784]100.2.2	5GC Deregistration 
[bookmark: _Toc4500320]100.2.2.1	5GC Deregistration – Option 2
Description
The DUT shall successfully deregister from the registered 5G system.
Applicability
3GPP Rel.15 or later
SA Option 2
Related core specifications
3GPP TS 23.502
Reason for test
To verify the DUT successfully deregister from the registered 5G system.
Initial configuration
DUT and NW support 5G NR Option 2.
DUT is in RM-REGISTERED and CM-IDLE state.
Test procedure
[bookmark: _Toc4500321]Scenario A: Power OFF
	-
	Test procedure
	Expected behaviour

	1
	Power off the DUT.
	DUT sends DEREGISTRATION REQUEST to the network with Deregistration type “Switch off”.


[bookmark: _Toc4500322]Scenario B: Flight Mode ON
	-
	Test procedure
	Expected behaviour

	1
	Set the DUT to Flight Mode so that all radio transmitters are switched off.
	DUT sends DEREGISTRATION REQUEST to the network with Deregistration type “Switch off”.


Example message flow
	Step
	Direction
UE - NW
	Message
	Comments

	1
	-->
	DEREGISTRATION REQUEST
	Deregistration type “Switch off”


[bookmark: _Toc4500323]100.4	PLMN Selection (EPC) 
[bookmark: _Toc530672809][bookmark: _Toc4500324]100.4.1	Network Selection - Automatic Mode - At Power On
[bookmark: _Toc4500325]100.4.1.1	Network Selection - Automatic Mode - At Power On - User Controlled (PLMNwACT)
Please refer to Annex C, 30.3.1.1 for general execution of the test case
Please refer to 100.1.1.1 for 5G NR option 3 specifics that have to be checked in this test case, particularly the signalling of 5G NR capabilities and indication of a 5G icon on the display of the DUT.
[bookmark: _Toc4500326]100.4.1.2	Network Selection - Automatic Mode - At Power On - Operator Controlled (OPLMNwACT)
Please refer to Annex C, 30.3.1.2 for general execution of the test case
Please refer to 100.1.1.1 for 5G NR option 3 specifics that have to be checked in this test case, particularly the signalling of 5G NR capabilities and indication of a 5G icon on the display of the DUT.
[bookmark: _Toc4500327]100.4.1.3	Network Reselection - Automatic Mode - HPLMN Timer Expiry - Higher prioritised network available - Camping on a prioritised network
Please refer to Annex C, 30.3.1.3 for general execution of the test case
Please refer to 100.1.1.1 for 5G NR option 3 specifics that have to be checked in this test case, particularly the signalling of 5G NR capabilities and indication of a 5G icon on the display of the DUT.
[bookmark: _Toc4500328]100.4.1.4	Network Reselection - Automatic Mode - HPLMN Timer Expiry - Higher prioritised network available - Camping on a non-prioritised network
Please refer to Annex C, 30.3.1.4 for general execution of the test case
Please refer to 100.1.1.1 for 5G NR option 3 specifics that have to be checked in this test case, particularly the signalling of 5G NR capabilities and indication of a 5G icon on the display of the DUT.
[bookmark: _Toc530672810][bookmark: _Toc4500329]100.4.2	Network Selection - Manual Mode
[bookmark: _Toc4500330]100.4.2.1	Network Selection - Manual Mode – All available Networks
Please refer to Annex C, 30.3.2.1 for general execution of the test case
Please refer to 100.1.1.1 for 5G NR option 3 specifics that have to be checked in this test case, particularly the signalling of 5G NR capabilities and indication of a 5G icon on the display of the DUT.
[bookmark: _Toc4500331]100.4.2.2	Network Selection - Change of Selection Mode - Automatic to Manual Mode 
Please refer to Annex C, 30.3.2.3 for general execution of the test case
Please refer to 100.1.1.1 for 5G NR option 3 specifics that have to be checked in this test case, particularly the signalling of 5G NR capabilities and indication of a 5G icon on the display of the DUT.
[bookmark: _Toc4500332]100.4.2.3	Network Selection - Change of Selection Mode - Manual to Automatic Mode 
Please refer to Annex C, 30.3.2.4 for general execution of the test case
Please refer to 100.1.1.1 for 5G NR option 3 specifics that have to be checked in this test case, particularly the signalling of 5G NR capabilities and indication of a 5G icon on the display of the DUT.
[bookmark: _Toc530672811][bookmark: _Toc4500333]100.5	PLMN Selection (5GC)
[bookmark: _Toc530672812][bookmark: _Toc4500334]100.5.1	Network Selection - Automatic Mode - At Power On 
[bookmark: _Toc4500335]100.5.1.1	Network Selection - Automatic Mode - At Power On - User Controlled (PLMNwACT)
Description
This test is confirming the behaviour of the DUT when attempting to camp to a network when the HPLMN and last stored network are not available.
When DUT is powered on outside of its HPLMN in automatic network selection mode with EFPLMNwAcT containing an available entry, it should select the network with the highest priority.
Applicability
3GPP Rel.15 or later
SA Option 2
Related 3GPP specifications
TS 23.122 
Reason for test
To ensure that DUT can correctly read the data from EFPLMNwAcT on the UICC.
Initial conditions 
DUT network selection setting is set to Automatic.
DUT band selection setting is set to Automatic (NR/LTE/WCDMA/GSM).
DUT is powered off.
The signal power of VPLMN3 is higher than VPLMN2. VPLMN2 is a 5G NR cell.
UICC shall be 5GS enabled for roaming with access to all available networks.
UICC used in the test will be outside its HPLMN (camping on a VPLMN)
UICC preparation:
	EFLOCI
	FF FF FF FF FF FF FF FF FF 00 01 

	EFPSLOCI
	FF FF FF FF FF FF FF FF FF FF FF FF FF 01 

	EFFPLMN
	FF FF FF FF FF FF FF FF FF FF FF FF

	EFBCCH
	00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

	EFPLMNwAcT
	VPLMN1 is not list in this file, VPLMN2 is placed on the position prior to VPLMN3 and with b4 in Bytes (5n-6) set to be NG-RAN, VPLMN3 is placed on the latest location.
All other fields are filled with network codes corresponding to networks not available at the test location.

	EFOPLMNwAcT
	All available entries are blank or refer to networks not available at test location: FF FF FF 00 00



Test should happen in a static test location with at least 3 VPLMNs available (VPLMN1, VPLMN2, VPLMN3). This can be done on a live network or on a system simulator allowing the same environment as a live network.
Test procedure
	-
	Test procedure
	Expected behaviour

	1
	Prepare UICC as in initial configuration.
	UICC is prepared as in the initial configuration.

	2
	Power on DUT.
	DUT is powered on.

	3
	DUT performs Registration procedure on VPLMN2.
	DUT performs Registration procedure  on VPLMN2 and receives Registration Accept

	4
	Receive MT voice call (or MT SMS) or perform data transfer.
	MT voice call (or MT SMS) or data transfer is successful.

	5
	Reset the SIM to be initial value, then repeat steps 1-4 for several attempts to ensure DUT always camps to VPLMN2
	After performing several attempts, the DUT always successfully camps to VPLMN2.



[bookmark: _Toc4500336]100.5.1.2	Network Selection - Automatic Mode - At Power On - Operator Controlled (OPLMNwACT)
Description
This test is confirming the behaviour of the DUT when attempting to camp to a network when the HPLMN and last stored network are not available.
When DUT is powered on outside of its HPLMN in automatic network selection mode with EFOPLMNwAcT containing an available entry, it should select the network with the highest priority.
Applicability
3GPP Rel.15 or later
SA Option 2
Related 3GPP specifications
TS 23.122 
Reason for test
To ensure that DUT can correctly read the data from EFOPLMNwAcT on the UICC.
Initial conditions 
DUT network selection setting is set to Automatic.
DUT band selection setting is set to Automatic (NR/LTE/WCDMA/GSM).
DUT is powered off.
The signal power of VPLMN3 is higher than VPLMN2. VPLMN2 is a 5G NR cell.
UICC shall be 5GS enabled for roaming with access to all available networks.
UICC used in the test will be outside its HPLMN (camping on a VPLMN)
UICC preparation:
	EFLOCI
	FF FF FF FF FF FF FF FF FF 00 01 

	EFPSLOCI
	FF FF FF FF FF FF FF FF FF FF FF FF FF 01 

	EFFPLMN
	FF FF FF FF FF FF FF FF FF FF FF FF

	EFBCCH
	00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

	EFPLMNwAcT
	All available entries are blank or refer to networks not available at test location: FF FF FF 00 00

	EFOPLMNwAcT
	VPLMN1 is not list in this file, VPLMN2 is placed on the position prior to VPLMN3 with act set to be NG-RAN. VPLMN3 is placed on the latest location.
All other fields are filled with network codes corresponding to networks not available at the test location.



Test should happen in a static test location with at least 3 VPLMNs available (VPLMN1, VPLMN2, VPLMN3). This can be done on a live network or on a system simulator allowing the same environment as a live network.
Test procedure
	-
	Test procedure
	Expected behaviour

	1
	Prepare UICC as in initial configuration.
	UICC is prepared as in the initial configuration.

	2
	Power on DUT.
	DUT is powered on.

	3
	DUT performs Registration procedure on VPLMN2.
	DUT performs Registration procedure  on VPLMN2 and receives Registration Accept

	4
	Receive MT voice call (or MT SMS) or perform data transfer.
	MT voice call (or MT SMS) or data transfer is successful.

	5
	Reset the SIM to be initial value, then repeat steps 1-4 for several attempts to ensure DUT always camps to VPLMN2
	After performing several attempts, the DUT always successfully camps to VPLMN2.


[bookmark: _Toc530672813][bookmark: _Toc4500337][bookmark: _Toc256756326][bookmark: _Toc408837821][bookmark: _Toc415751019][bookmark: _Toc421610469][bookmark: _Toc447202532]100.5.2	Network Selection - Manual Mode
[bookmark: _Toc4500338]100.5.2.1	Network Selection - Manual Mode – All available networks
Description
When performing a manual network selection search, the DUT shall list all available PLMNs. Networks listed on the Forbidden List that are available at the test site must be selectable. Once a network on the Forbidden List is selected and a successful LAU procedure has taken place, it is removed from the Forbidden List. Manual network selection should not change the information on the Preferred PLMN list.
Applicability
3GPP Rel.15 or later
SA Option 2
Related 3GPP core specifications
TS 23.122, TS 22.011
Reason for test
To ensure manual network selection works correctly.
Initial configuration
UICC used for test is roaming outside its HPLMN.
At least 2 networks (NR/LTE/WCDMA/GSM) are available at test site (Network A, Network B), At least 1 NR network.
Network A is on the preferred PLMN List. Network B is on the Forbidden List.
DUT is switched on in Automatic network selection mode and camping to Network A or any higher priority network on the preferred PLMN list.
All network should not reject the registration/attach procedure while UE trying to access it.
Test procedure
	-
	Test procedure
	Expected behaviour

	1
	Change Network Selection Mode from automatic to manual.
	DUT is in manual Network Selection Mode.

	2
	Manually select Network B.
	DUT successfully camps to Network B (if steering of roaming occurs then at least an attempt to camp to the network is deemed ok).

	3
	Perform Manual network selection scan.
	DUT displays all available networks at test site.  Network B is no longer set to be forbidden.

	4
	Manually select Network A.
	DUT successfully camps to Network A.

	5
	Power off DUT and remove UICC
	DUT is powered off and UICC is removed.

	6
	Check Preferred PLMN List.
	Preferred list remains unchanged - the same as in initial configuration.

	7
	Check Forbidden List.
	Network B is no longer on the Forbidden List.



[bookmark: _Toc530672814][bookmark: _Toc4500339]101	PS Data / Services
[bookmark: _Toc531702413][bookmark: _Toc4500340]101.1	PDN activation / deactivation (EPC)
[bookmark: _Toc518574811][bookmark: _Toc4500341]101.1.1	Multiple PDN Connection Activation / Deactivation – User initiated
Description
Verify that the DUT can successfully activate/deactivate a second PDN Connection via an LTE eNB Master Node with a 5G NR gNB Secondary Node (5G EN-DC option 3) 
Related core specifications
3GPP TS 24.301 (NAS specific procedures)
3GPP TS 36.331 (RRC specific procedures)
3GPP TS 37.340 (EN-DC specific parts. secondary node addition, chapter 10.2)
Initial configuration
DUT supports 5G NR EN-DC option 3
Network coverage of is an EN-DC configuration with LTE eNB Master Node connected to an EPC and LTE with a 5G NR gNB Secondary Node (i.e. non-standalone option 3).
Network supports multiple PDNs being in use in EN-DC configuration.
DUT is powered off or in flight mode
Mobile data is enabled on DUT.
Setup an APN profile for default PDN connection using APN1.
Setup an APN profile for a Mobile hotspot (Tethering / DUN) connection using APN2.
DUT is Attached for EPS services: Default PDN connection and Bearer Context is active with APN1. Ensure that a dual-connectivity split bearer is established before the attempt for second PDN Connection
Test procedure
	-
	Test procedure
	Expected behaviour

	1
	Open the embedded browser application and load a webpage.
	Webpage is loaded successfully.

	2
	Activate Mobile hotspot on DUT user interface that would trigger a second PDN connection with APN2,  

	The Mobile hotspot connection is established successfully. 
DUT sends a PDN CONNECTIVITY REQUEST message to the network using APN2.
DUT sends ACTIVATE DEFAULT EPS BEARER CONTEXT ACCEPT to the network

	3
	Using an external device such as a PC, connect to the hotspot.  Open the browser on PC and load a webpage
	Webpage is loaded successfully.


	4
	Open the embedded browser application and load a webpage
	Webpage is loaded successfully

	5
	Deactivate Mobile hotspot on DUT user interface.
	The Mobile hotspot connection is deactivated successfully
DUT sends a PDN DISCONNECT REQUEST message to the network.
Network sends DEACTIVATE EPS BEARER CONTEXT REQUEST.
DUT sends DEACTIVATE EPS BEARER CONTEXT ACCEPT to the network

	6
	Open the embedded browser application and load a webpage.
	Webpage is loaded successfully.



Note 1: Ensure that at all steps the split bearer is properly used by either:
· validating that the data rate is higher than what could be achieved over the 4G only bearer or
· by checking L2 messaging that data is exchanged over the 4G and the 5G cell. (Note: In most cases it will be easier to use the data rate to validate this).
Note 2: If DUT is not supporting the setup of a separate APN for the Mobile hotspot (Tethering/DUN) connection, the use of a different application provoking the establishment of a second PDN context is acceptable.

[bookmark: _Toc530672815][bookmark: _Toc4500342]101.3	Multi RAT Dual Carrier - Option 3 (EPC)
[bookmark: _Toc4500343]101.3.1.1	Establishment of Dual Connectivity (initial RRC via master eNB)
Description
This test case verifies that the UE can establish connectivity to an Option 3 Non-Standalone 5G network by initially connecting to the 4G eNB and then being configured for dual-connectivity operation.
Related core specifications
3GPP TS 24.301 (NAS specific procedures)
3GPP TS 36.331 (RRC specific procedures)
3GPP TS 37.340 (EN-DC specific parts. secondary node addition, chapter 10.2)
Initial configuration
DUT supports 5G NR option 3
Network coverage of an LTE eNB with a co-located 5G NR gNB is available.
DUT is powered off or in flight mode
Test procedure
	-
	Test procedure
	Expected behaviour

	1
	Power on DUT / disable flight mode and confirm successful attach procedure.
	DUT attaches successfully to the network.
DUT establishes a default bearer for Internet connectivity.

	2
	Transfer a larger amount of data in the downlink direction.
	Ensure that a dual-connectivity split bearer is established before the data transfer starts or shortly after the data transfer has started.
Ensure that the split bearer is properly used    by either:
validating that the data rate is higher than what could be achieved over the 4G only bearer.
or
by checking L2 messaging that data is exchanged over the 4G and the 5G cell. (Note: In most cases it will be easier to use the data rate to validate this).



[bookmark: _Toc4500344]101.3.1.2	PDN Activation and Use of VoLTE Services for 5G Option 3
Description
This test case verifies that the UE can establish a PDN connection for VoLTE services in a 5G Option 3 network environment that voice calls and data transmission are simultaneously possible and that handovers in this configuration between a 5G non-standalone and 4G-only environment are working properly.
Note: This test case does not validate VoLTE IMS functionality but particularly focuses on the following air interface aspects:
· VoLTE signalling over the IMS default bearer over the LTE cell
· VoLTE speech path over a dedicated bearer over the LTE cell
· Simultaneous data transfer over a split default bearer
· The UE is able to handle the handover of these bearers between a 5G Option 3 location and an LTE only location.
Related core specifications
3GPP TS 24.301 (NAS specific procedures)
3GPP TS 36.331 (RRC specific procedures)
3GPP TS 37.340 (EN-DC, handover procedures, chapter 10.7)
Initial configuration
DUT supports 5G NR option 3
Network coverage of an LTE eNB with a co-located 5G NR gNB is available.
Network coverage of an LTE eNB without a co-located 5G NR gNB is available.
DUT is powered off or in flight mode
Test procedure
	-
	Test procedure
	Expected behaviour

	1
	Power on DUT / disable flight mode and confirm successful attach procedure.
	DUT attaches successfully to the network.
DUT establishes a default bearer for Internet connectivity.
DUT establishes a default bearer for IMS/VoLTE connectivity.

	2
	Establish a voice call
	A voice call is successfully established, including a dedicated bearer. Speech path is present in both directions.

	3
	Transfer data in the downlink direction while voice call is ongoing of a split LTE / NR bearer
	Data transfer is successful over the split bearer, i.e. simultaneously over the LTE eNB and 5G gNB.
Check that audio quality during the data transfer remains excellent.

	4
	Move the UE to a LTE-only cell while the voice call is ongoing
	The voice call and data transfer continue seamlessly.
Check that audio quality remains excellent.

	5
	Move the UE from the LTE-only cell to a combined LTE/5G NR Option 3 cell while the voice call is ongoing
	The voice call and data transfer continue seamlessly.
Check that audio quality remains excellent.

	6
	Repeat steps 3 to 5 while transferring data in the uplink direction
	Same as in steps 3 to 5.



[bookmark: _Toc531702414][bookmark: _Toc4500345]101.3.1.3	Establishment of Dual Connectivity – resuming data in IDLE
Description
This test case verifies that the UE can establish connectivity via an LTE eNB Master Node with a 5G NR gNB Secondary Node (5G EN-DC option 3)  and successfully resuming the connection upon transition through different RRC states (RRC-CONNECTED to RRC-IDLE and back to RRC-CONNECTED.
Related 3GPP core specifications
3GPP TS 24.301 (NAS specific procedures)
3GPP TS 36.331 (RRC specific procedures)
3GPP TS 37.340 (EN-DC specific parts. secondary node addition, chapter 10.2)
Reason for test
To ensure the DUT is able to perform channel state transition process and resume sending data when in RRC-IDLE state.
Initial configuration
DUT is in Idle Mode.
DUT supports 5G NR EN-DC option 3
Network coverage is an EN-DC configuration with LTE eNB Master Node connected to an EPC and with a 5G NR gNB Secondary Node (i.e. non-standalone option 3).
RRC state transition In-activity timer for network under test are preferably known (X seconds).
Test procedure

	-
	Test procedure
	Expected behaviour

	1
	Open the embedded browser application and load a webpage
	Confirm with a trace tool / test monitor that DUT is back in RRC state CONNECTED
Web page is loaded successfully

	2
	Ensure there is no further data traffic and wait for in-activity timer to expire.
	Confirm with a trace tool / test monitor that DUT switches to RRC state IDLE

	3
	While DUT is in IDLE, reload the webpage
	Confirm with a trace tool / test monitor that DUT is back in RRC state CONNECTED
Web page is loaded successfully



Note: Ensure that at steps 1, 3 the split bearer is properly used by either:
· validating that the data rate is higher than what could be achieved over the 4G only bearer or
· by checking L2 messaging that data is exchanged over the 4G and the 5G cell. 

[bookmark: _Toc514833952][bookmark: _Toc530672816][bookmark: _Toc4500346]101.4	Multi-RAT Dual Carrier Option 7 (5GC) 
[bookmark: _Toc514833953][bookmark: _Toc530672817][bookmark: _Toc4500347]101.5	Multi-RAT Dual Carrier Option 4 (5GC) 
[bookmark: _Toc514833954][bookmark: _Toc514833955][bookmark: _Toc530672818][bookmark: _Toc4500348]101.6	Basic Services (EPC)
[bookmark: _Toc530672819][bookmark: _Toc4500349]101.6.1	Legacy: PING
Description
The 5G-NR capable DUT shall successfully ping a remote IP address 
Applicability
3GPP Release 15 or later
5G Option 3 (EN-DC - EPC)
Related core specifications
3GPP TS 24.301, section 6.4 (ESM procedures), section 8.3.3.11 (max BR / GBR) and section 9.9.4 (QoS)
3GPP TS 38.331, section 5.3 (RRC Connection Control)
Reason for test
To verify that DUT successfully ping a remote IP address in a 5G EN-DC environment.
Initial configuration
DUT and Reference1 are switched ON
The DUT, Reference 1 and NW support 5G Option 3
Test procedure
	-
	Test procedure
	Expected behaviour

	1
	On DUT and Reference 1: Start a ping procedure (ping –t [-l size] [-w timeout] destination, for e.g. ping –t –l 100 –w 1500 10.11.26.52)
	-

	2
	On DUT and Reference 1: Verify that the replies from the ping commands are correctly received.
	The DUT is able to ping the remote destination 

	3
	Stop ping procedure
	The DUT’s ´ping performance is comparable to the Reference 1 ping performance (no more than 10% worse



[bookmark: _Toc530672820][bookmark: _Toc4500350]101.6.2	eMBB: Service & Performance (EPC) –different DC combinations
Description
The 5G-NR capable DUT shall successfully perform eMBB Services listed in the table below using embedded application in a NW with 5G EN-DC combinations.
It is essential for the tester to build up a knowledge base of the maximum throughput achievable in the test location and for the device capability. This can be done using different Reference devices with similar capabilities to the DUT. Once a maximum achievable throughput is known for the location then this can be used as a base figure to validate the test result. Please note, that with networks continuously improving, this maximum achievable figure shall be monitored regularly and updated with the latest known maximum achievable throughput. The model name(s) used to build up the knowledge base shall be noted in the test result.
Applicability
3GPP Release 15 or later
5G Option 3 (EN-DC - EPC)
Related core specifications
3GPP TS 24.301, section 6.4 (ESM procedures), section 8.3.3.11 (max BR / GBR) and section 9.9.4 (QoS)
3GPP TS 38.331, section 5.3 (RRC Connection Control)
Reason for test
To verify that the DUT is able to perform in a NW with 5G EN-DC combinations. The data rates response times and qualities of service are excellent and are according to EN-DC combination. The focus of the test cases is performance and service continuity 
Initial configuration
DUT and Reference 1 are in RRC Idle
The DUT, Reference 1 and NW support 5G Option 3
The network shall support one or more of the EN-DC combinations of the table below:
	Test Case Title
	LTE
	LTE 1 CC + NR 1 CC
	LTE 2 CC + NR 1 CC
	LTE 3 CC + NR 1 CC
	LTE 4 CC + NR 1 CC
	LTE 5 CC + NR 1 CC

	
	EN DC (Option 3)

	[bookmark: _Toc4500351]101.6.2.A	HTTP Browsing 
	X
	X
	X
	X
	X
	X

	[bookmark: _Toc4500352]101.6.2.B	Buffered TV Streaming 
	X
	X
	X
	X
	X
	X

	[bookmark: _Toc4500353]101.6.2.C	Live TV Streaming 
	X
	X
	X
	X
	X
	X

	[bookmark: _Toc4500354]101.6.2.D	Online Gaming 
	X
	X
	X
	X
	X
	X

	[bookmark: _Toc4500355][bookmark: _Toc531698451]101.6.2.E	FTP UL/DL
	X
	X
	X
	X
	X
	X



Ensure optimal testing conditions (optimum RF signal, low traffic hours to avoid contention with other devices, etc.)
Scenario A: HTTP Browsing
Bearer with QCI 6 or 8 (300 ms Packet Delay Budget, Video/TCP based) available
Scenario B: Buffered TV Streaming
Bearer with QCI 4 (300 ms Packet Delay Budget, GBR, non-conversational video) available, or
Bearer with QCI 6 or 8 (300 ms Packet Delay Budget, nonGBR, Video/TCP-based) available
Scenario C: Live TV Streaming
Bearer with QCI 2 (150 ms Packet Delay Budget, GBR, conversational video) available, or
Bearer with QCI 7 (100 ms Packet Delay Budget, nonGBR, Voice/Video) available
Scenario D: Online Gaming
Bearer with QCI 3 (50 ms Packet Delay Budget, GBR, Real Time Gaming) available, or
Bearer with QCI 7 (100 ms Packet Delay Budget, nonGBR, Voice/Video/Interactive Gaming) available
A gaming service that offers massive multiplayer online game with at least 10 active players on the server is accessible
Scenario E: FTP UL/DL (use cases: File Sharing/Cloud Services)
Bearer with QCI 6 or 8 (300 ms Packet Delay Budget, Video/TCP-based) available
FTP server with sufficient data and bandwidth available to transfer data in all possible EN-DC band combinations for a sufficient period of time.
Test procedure
Scenario A: HTTP Browsing
	-
	Test procedure
	Expected behaviour

	1
	On DUT and Reference 1: Open the embedded browser application and load a feature rich HTTP web page containing pictures, text and CSS formatting.
Measure the time of from initiating to completion of the loading the HTTP web page
	The page is loaded within a reasonable time and displayed/rendered appropriately. 
The time measurement is taken and recorded

	2
	On DUT and Reference 1: Refresh the page once it is loaded completely.
Measure the time of from initiating to completion of the loading the HTTP web page
	The page is loaded within a reasonable time and displayed/rendered appropriately
The time measurement is taken and recorded

	3
	Repeat Step 1 and Step 2 until you have in total 5 measurements
	The DUT’s data performance is comparable to the Reference 1 data performance (no more than 10% worse


Scenario B: Buffered TV Streaming
	-
	Test procedure
	Expected behaviour

	1
	On DUT and Reference 1: Open the embedded application and start TV Streaming (e.g. Mediatek). 
	The TV content is displayed in the highest possible resolution with good sound. Sound and Video are in sync. The TV content is stable throughout the complete transmission. 

	2
	On DUT and Reference 1: During ongoing stream pause and restart, then move back and forward to a different timestamp of the stream.
	The TV content is stable throughout the complete transmission. The stream restarts at the same timestamp where stream was paused. Moving back and forward restarts the stream at the desired timestamp without any impact on the quality of the stream.
The DUT’s TV streaming performance is comparable to the Reference 1 streaming performance (no more than 10% worse)


Scenario C: Live TV Streaming
	-
	Test procedure
	Expected behaviour

	1
	On DUT and Reference 1: Open the embedded application and start Live TV Streaming. 
	The TV content is displayed in highest possible resolution with good sound. Sound and Video are in sync. The TV content is stable throughout the complete transmission. 

	2
	On DUT and Reference 1: Stream at least for 10 min.
	The TV content is stable throughout the complete transmission.
The DUT’s streaming performance is comparable to the Reference 1 streaming performance (no more than 10% worse)


Scenario D: Gaming
	-
	Test procedure
	Expected behaviour

	1
	On DUT and Reference 1: Open the gaming application, connect to the gaming server and start gaming. 
	The gaming starts with highest possible resolution without any warning of too low performance. 

	2
	On DUT and Reference 1: Play at least for 15 min on intermediate level.
	The game can be played with swift response time and without lag or drops. The sound is in sync with the picture.
The DUT’s gaming performance is comparable to the Reference 1 gaming performance (no more than 10% worse)


Scenario E: FTP UL/DL (File Sharing/Cloud Services)
	-
	Test procedure
	Expected behaviour

	1
	On DUT and Reference 1: Open the FTP application and start DL of content.
Measure the downlink throughput for a sufficient amount of time to evaluate the throughput using a suitable application
	The content is downloaded correctly within a reasonable time 
The throughput measurement is taken and recorded

	2
	On DUT and Reference 1: Start uploading of content to FTP server.
Measure the uplink throughput for a sufficient amount of time to evaluate the throughput using a suitable application
	The content is uploaded correctly within a reasonable time 
The throughput measurement is taken and recorded

	3
	Repeat Step 1 and Step 2 until you have in total 5 measurements
	The DUT’s data performance is comparable to the Reference 1 data performance (no more than 10% worse)


Example message flow:
	Step
	Direction
UE - NW
	Message
	Comments

	1a
	-->
	SERVICE REQUEST
	

	1b
	-->
	rrcConnectionRequest
	

	1c
	<--
	rrcConnectionSetup
	

	1d
	-->
	rrcConnectionSetupComplete
	

	1e
	<--
	SecurityModeCommand
	

	1f
	-->
	SecurityModeComplete
	

	1g
	<--
	rrcConnectionReconfiguration
	

	1h
	-->
	rrcConnectionReconfigurationComplete
	

	1i
	<--
	ueCapabilityEnquiry
	

	1j
	-->
	ueCapabilityInformation
	

	1k
	<--
	rrcConnectionReconfiguration
	

	1l
	-->
	rrcConnectionReconfigurationComplete
	

	1m
	<--
	rrcConnectionReconfiguration
	

	1n
	-->
	rrcConnectionReconfigurationComplete
	

	2a
	-->
	SERVICE REQUEST
	

	2b-n
	--
	Steps 1b-1n are repeated
	



[bookmark: _Toc530672821][bookmark: _Toc4500356]101.7	Basic Services (5GC)
[bookmark: _Toc530672822][bookmark: _Toc4500357]101.7.1	Legacy: Service and Performance (5GC)
	Test Case Title
	LTE or NR
	LTE 1 CC + NR 1 CC
	LTE 2 CC + NR 1 CC
	LTE 3 CC + NR 1 CC
	LTE 4 CC + NR 1 CC
	LTE 5 CC + NR 1 CC
	eLTE 1CC
	eLTE 2CC
	NB 1CC
	NB 2CC
	SUL

	
	NGEN DC or NE-DC
	eLTE
	NB 
	SUL

	[bookmark: _Toc4500358]101.7.1.A	Ping a remote IP Address 
	X
	
	
	
	
	
	X
	
	X
	
	

	[bookmark: _Toc4500359]101.7.1.B	Send SMS over NAS 
	X
	
	
	
	
	
	X
	
	X
	
	

	[bookmark: _Toc4500360]101.7.1.C	Send SMS over IMS 
	X
	
	
	
	
	
	X
	
	X
	
	

	[bookmark: _Toc4500361]101.7.1.D	IMS Voice 
	X
	
	
	
	
	
	X
	
	X
	
	

	[bookmark: _Toc4500362]101.7.1.E	IMS Emergency Service 
	X
	
	
	
	
	
	X
	
	X
	
	



Description
The 5G-NR capable DUT shall successfully A) ping a remote IP address, B) send SMS over NAS (SGs), C) send SMS over IMS, D) use IMS voice and E) perform IMS emergency services in a NW with 5G combinations listed above.
Applicability
3GPP Release 15 or later
5G Option 2 (NB – 5GC)
5G Option 5 (eLTE – 5GC)
5G Option 7 (NGEN-DC – 5GC)
5G Option 4 (NE-DC – 5GC)
Related core specifications
3GPP TS 24.501, section 5 (service request procedure), 6 (5GSM procedures)
3GPP TS 38.331, section 5.3 (RRC Connection Control)
Reason for test
To verify that DUT successfully A) ping a remote IP address, B) send SMS over NAS, C) use IMS voice and D) perform IMS emergency services in a 5GC environment.
Initial configuration
DUT and Reference 1 is Switched OFF
The DUT, Reference 1 and NW support 5G Architecture Options 2, 5, 7 or 4
Scenario D: IMS voice
Bearer with 5QI 1 (100 ms Packet Delay Budget, GBR, conversational voice) available, or
Bearer with 5QI 5 (100 ms Packet Delay Budget, GBR, IMS signalling) available
Scenario E: IMS emergency service
Bearer with 5QI 1 (100 ms Packet Delay Budget, GBR, conversational voice) available, or
Bearer with 5QI 5 (100 ms Packet Delay Budget, GBR, IMS signalling) available
Test procedure
Scenario A: PING
	-
	Test procedure
	Expected behaviour

	1
	On DUT and Reference 1: Start a ping procedure (ping –t [-l size] [-w timeout] destination, for e.g. ping –t –l 100 –w 1500 10.11.26.52)
	-

	2
	On DUT and Reference 1: Verify that the replies from the ping commands are correctly received.
	The DUT is able to ping the remote destination 

	3
	Stop ping procedure
	The DUT’s ´ping performance is comparable to the Reference 1 ping performance (no more than 10% worse


Scenario B: MO/MT SMS over NAS
	-
	Test procedure
	Expected behaviour

	1
	Using the DUT messaging application, create a new SMS and enter the MSISDN of Client 1 as the recipient
	The Messaging application is opened and the MSISDN of Client 1 is entered

	2
	Enter some text
	The message is prepared

	3
	Send the SMS to Client 1
	SMS is successfully sent from DUT and received on Client 1. Ensure DUT stays in E-UTRA service the whole time 

	4
	Open the SMS at Client 1 and check the contents
	The message content is identical to the message prepared on DUT

	5
	At Client 1, create a new SMS and enter the MSISDN of DUT as the recipient
	The Messaging application is opened and the MSISDN of DUT is entered

	6
	Enter some text
	The message is prepared

	7
	Send the SMS to DUT
	SMS is successfully sent from Client 1 and received on DUT. Ensure DUT stays in E-UTRA service the whole time 

	8
	Open the SMS at DUT and check the contents 
	The message content is identical to the message prepared on Client 1 


Scenario C: MO/MT SMS over IMS
	-
	Test procedure
	Expected behaviour

	1
	Using the DUT messaging application, create a new SMS and enter the MSISDN of Client 1 as the recipient
	The Messaging application is opened and the MSISDN of Client 1 is entered

	2
	Enter some text
	The message is prepared

	3
	Send the SMS to Client 1
	SMS is successfully sent from DUT and received on Client 1. Ensure DUT stays in E-UTRA service the whole time 

	4
	Open the SMS at Client 1 and check the contents
	The message content is identical to the message prepared on DUT

	5
	At Client 1, create a new SMS and enter the MSISDN of DUT as the recipient
	The Messaging application is opened and the MSISDN of DUT is entered

	6
	Enter some text
	The message is prepared

	7
	Send the SMS to DUT
	SMS is successfully sent from Client 1 and received on DUT. Ensure DUT stays in E-UTRA service the whole time 

	8
	Open the SMS at DUT and check the contents 
	The message content is identical to the message prepared on Client 1 


Scenarios D and E: IMS voice /IMS emergency service
	-
	Test procedure
	Expected behaviour

	1
	On DUT and Reference 1: DUT makes a MO IMS Voice call to Client 1. Consecutively, Reference 1 makes a MO IMS Voice call to Client 2.
	Depending on the NS vconfiguration the IMS call is setup via eUTRAN or NG cell. Alerting tone is heard on DUT and Reference 1.

	2
	On DUT and Reference 1: Answer call on Client 1 and Client 2.
	Both MO VoLTE calls are successfully established.

	3
	End both VoLTE calls.
	Calls are ended.
Confirm DUT’s VoLTE call success ratio is comparable to the success ratio of Reference 1 (within 10%).


Example message flow:
	Step
	Direction
UE - NW
	Message
	Comments

	1a
	-->
	RRC: RRC Connection Request
	Steps 1a-1q: Registration to 5G NW, valid for all scenarios (emergency tbd)

	1b
	<--
	RRC: RRC Connection Setup
	

	1c
	-->
	RRC: RRC Connection Setup Complete  
NAS: REGISTRATION REQUEST
	

	1d
	<--
	RRC: DL Information Transfer
NAS: AUTHENTICATION REQUEST
	

	1e
	-->
	RRC: UL Information Transfer 
NAS: AUTHENTICATION RESPONSE
	

	1f
	<--
	RRC: DL Information Transfer 
NAS: SECURITY MODE COMMAND
	

	1g
	-->
	RRC: UL Information Transfer 
NAS: SECURITY MODE COMPLETE
	

	1h
	<--
	RRC: Security Mode Command
	(TBD)

	1i
	-->
	RRC: Security Mode Complete
	

	1j
	<--
	RRC: UE Capability Enquiry
	(TBD)

	1k
	-->
	RRC: UE Capability Information
	

	1l
	<--
	RRC: RRC Connection Reconfiguration
NAS: REGISTRATION ACCEPT
	(TBD)

	1m
	-->
	RRC: RRC Connection Reconfiguration Complete
NAS: REGISTRATION COMPLETE
	

	1n
	-->
	PDU SESSION ESTABLISHMENT REQUEST
	PDU session establishment during or after initial PDU session establishment. Seems not to be connected to REGISTRATION (as for LTE)

	1o
	<--
	PDU SESSION AUTHENTICATION COMMAND
	Contains EAP messages, there can be several rounds of EAP request messages to complete authentication/authorisation of PDU session.

	1p
	-->
	PDU SESSION AUTHENTICATION COMPLETE
	

	1q
	
	PDU SESSION ESTABLISHMENT ACCEPT
	

	
	
	
	

	
	-->
	UL NAS TRANSPORT
	e.g. sending SMS

	
	<--
	DL NAS TRANSPORT
	e.g. receiving SMS



[bookmark: _Toc530672823][bookmark: _Toc4500363]101.7.2	eMBB: Service & Performance (5GC) –different DC combinations
	Test Case Title
	LTE 1 CC + NR 1 CC
	LTE 2 CC + NR 1 CC
	LTE 3 CC + NR 1 CC
	LTE 4 CC + NR 1 CC
	LTE 5 CC + NR 1 CC
	eLTE 1CC
	eLTE 2CC
	NB 1CC
	NB 2CC
	SUL

	
	NGEN DC
	eLTE
	NB
	SUL

	[bookmark: _Toc4500364]101.7.2.A	HTTP Browsing
	X
	X
	X
	X
	X
	X
	X
	X
	X
	

	[bookmark: _Toc4500365]101.7.2.B	Buffered TV Streaming
	X
	X
	X
	X
	X
	X
	X
	X
	X
	

	[bookmark: _Toc4500366]101.7.2.C	Live TV Streaming
	X
	X
	X
	X
	X
	X
	X
	X
	X
	

	[bookmark: _Toc4500367]101.7.2.D	Gaming
	X
	X
	X
	X
	X
	X
	X
	X
	X
	

	[bookmark: _Toc4500368]101.7.2.E	FTP UL/DL
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X



Description
The 5G-NR capable DUT shall successfully perform A) HTTP Browsing, B) Buffered TV Streaming, C) Live TV Streaming, D) Gaming and E) FTPUL/DL (use case: File Sharing/Cloud Services) with an embedded application in a NW with 5G combinations listed above.
It is essential for the tester to build up a knowledge base of the maximum throughput achievable in the test location and for the device capability. This can be done using different Reference devices with similar capabilities to the DUT. Once a maximum achievable throughput is known for the location then this can be used as a base figure to validate the test result. Please note, that with networks continuously improving, this maximum achievable figure shall be monitored regularly and updated with the latest known maximum achievable throughput. The model name(s) used to build up the knowledge base shall be noted in the test result.
Applicability
3GPP Release 15 or later
5G Option 2 (NB – 5GC)
5G Option 5 (eLTE – 5GC)
5G Option 7 (NGEN-DC – 5GC)
5G Option 4 (NE-DC – 5GC)
Related core specifications
3GPP TS 24.501, section 5 (service request procedure), 6 (5GSM procedures)
3GPP TS 38.331, section 5.3 (RRC Connection Control)
Reason for test
To verify that the DUT is able to perform A) HTTP Browsing, B) Buffered TV Streaming C) Live TV Streaming D) Gaming and E) FTP UL/DL (use case: File Sharing/Cloud Services) in a NW with 5G EN-DC combinations. The data rates, response times and quality of services are excellent and are according to the carrier combinations. The focus of the test cases is performance and service continuity.
Initial configuration
DUT and Reference 1 are in RRC Idle
The DUT, Reference 1 and NW support 5G Architecture Option 3
Ensure optimal testing conditions (optimum RF signal, low traffic hours to avoid contention with other devices, etc.)
Scenario A: HTTP Browsing
Bearer with 5QI 6 or 8 (300 ms Packet Delay Budget, Video/TCP based) available
Scenario B: Buffered TV Streaming
Bearer with 5QI 4 (300 ms Packet Delay Budget, GBR, non-conversational video) available, or
Bearer with 5QI 6 or 8 (300 ms Packet Delay Budget, nonGBR, Video/TCP-based) available
Scenario C: Live TV Streaming
Bearer with 5QI 2 (150 ms Packet Delay Budget, GBR, conversational video) available, or
Bearer with 5QI 7 (100 ms Packet Delay Budget, nonGBR, Voice/Video) available
Scenario D: Gaming
Bearer with 5QI 3 (50 ms Packet Delay Budget, GBR, Real Time Gaming) available, or
Bearer with 5QI 7 (100 ms Packet Delay Budget, nonGBR, Voice/Video/Interactive Gaming) available
A gaming service that offers massive multiplayer online game with at least 10 active players on the server is accessible
Ensure a tool to test PING (e.g. netperf, pchar, etc) is setup before starting the tests
Scenario E: FTP UL/DL (use cases: File Sharing/Cloud Services)
Bearer with 5QI 6 or 8 (300 ms Packet Delay Budget, Video/TCP-based) available
FTP server with sufficient data and bandwidth available to transfer data in all possible band combinations listed in table above for a sufficient period of time.
Test procedure
Scenario A: HTTP Browsing
	-
	Test procedure
	Expected behaviour

	1
	On DUT and Reference 1: Open the embedded browser application and load a feature rich HTTP web page containing pictures, text and CSS formatting.
Measure the time of from initiating to completion of the loading the HTTP web page
	The page is loaded within a swift time and displayed/rendered appropriately. 
The time measurement is taken and recorded

	2
	On DUT and Reference 1: Refresh the page once it’s loaded completely.
Measure the time of from initiating to completion of the loading the HTTP web page
	The page is loaded within a reasonable time and displayed/rendered appropriately
The time measurement is taken and recorded

	3
	Repeat Step 1 and Step 2 until you have in total 5 measurements
	The DUT’s data performance is comparable to the Reference 1 data performance (no more than 10% worse


Scenario B: Buffered TV Streaming
	-
	Test procedure
	Expected behaviour

	1
	On DUT and Reference 1: Open the embedded application and start TV Streaming (e.g. Mediathek). 
	The TV content is displayed in the highest possible resolution with good sound. Sound and Video are in sync. The TV content is stable throughout the complete transmission. 

	2
	On DUT and Reference 1: During ongoing stream pause and restart, then move back and forward to a different timestamp of the stream.
	The TV content is stable throughout the complete transmission. The stream restarts at the same timestamp where stream was paused. Moving back and forward restarts the stream at the desired timestamp without any impact on the quality of the stream.
The DUT’s TV streaming performance is comparable to the Reference 1 streaming performance (no more than 10% worse)


Scenario C: Live TV Streaming
	-
	Test procedure
	Expected behaviour

	1
	On DUT and Reference 1: Open the embedded application and start Live TV Streaming. 
	The TV content is displayed in highest possible resolution with good sound. Sound and Video are in sync. The TV content is stable throughout the complete transmission. 

	2
	On DUT and Reference 1: Stream at least for 10 min.
	The TV content is stable throughout the complete transmission.
The DUT’s streaming performance is comparable to the Reference 1 streaming performance (no more than 10% worse)


Scenario D: Gaming
	
	Test procedure
	Expected behaviour

	1
	On DUT and Reference 1: Open the gaming application, connect to the gaming server and start gaming. 
	The gaming starts with highest possible resolution without any warning of too low performance. 

	2
	On DUT and Reference 1: Play at least for 15 min on intermediate level.
	The game can be played with swift response time and without lag or drops. The sound is in sync with the picture.
The DUT’s gaming performance is comparable to the Reference 1 gaming performance (no more than 10% worse)

	3
	On DUT and Reference 1: During gaming ping a remote location with an appropriate tool (e.g. netperf, pchar, etc) (e.g. ping –t –l 100 –w 1500 10.11.26.52).
	The ping response time does not exceed 100 ms 

	4
	Repeat Step 3until you have in total 5 measurements
	The DUT’s ping response time is comparable to the Reference 1 ping response time (no more than 10% worse


Scenario E: FTP UL/DL (File Sharing/Cloud Services)
	-
	Test procedure
	Expected behaviour

	1
	On DUT and Reference 1: Open the FTP application and start DL of content.
Measure the downlink throughput for a sufficient amount of time to evaluate the throughput using a suitable application
	The content is downloaded correctly within a swift time 
The throughput measurement is taken and recorded

	2
	On DUT and Reference 1: Start uploading of content to FTP server.
Measure the uplink throughput for a sufficient amount of time to evaluate the throughput using a suitable application
	The content is uploaded correctly within a swift time 
The throughput measurement is taken and recorded

	3
	Repeat Step 1 and Step 2 until you have in total 5 measurements
	The DUT’s data performance is comparable to the Reference 1 data performance (no more than 10% worse)


Example message flow:
	Step
	Direction
UE - NW
	Message
	Comments

	1a
	-->
	RRC: RRC Connection Request
	Steps 1a-1q: Registration to 5G NW, valid for all scenarios (emergency tbd)

	1b
	<--
	RRC: RRC Connection Setup
	

	1c
	-->
	RRC: RRC Connection Setup Complete  
NAS: REGISTRATION REQUEST
	

	1d
	<--
	RRC: DL Information Transfer
NAS: AUTHENTICATION REQUEST
	

	1e
	-->
	RRC: UL Information Transfer 
NAS: AUTHENTICATION RESPONSE
	

	1f
	<--
	RRC: DL Information Transfer 
NAS: SECURITY MODE COMMAND
	

	1g
	-->
	RRC: UL Information Transfer 
NAS: SECURITY MODE COMPLETE
	

	1h
	<--
	RRC: Security Mode Command
	(TBD)

	1i
	-->
	RRC: Security Mode Complete
	

	1j
	<--
	RRC: UE Capability Enquiry
	(TBD)

	1k
	-->
	RRC: UE Capability Information
	

	1l
	<--
	RRC: RRC Connection Reconfiguration
NAS: REGISTRATION ACCEPT
	(TBD)

	1m
	-->
	RRC: RRC Connection Reconfiguration Complete
NAS: REGISTRATION COMPLETE
	

	1n
	-->
	PDU SESSION ESTABLISHMENT REQUEST
	PDU session establishment during or after initial PDU session establishment. Seems not to be connected to REGISTRATION (as for LTE)

	1o
	<--
	PDU SESSION AUTHENTICATION COMMAND
	Contains EAP messages, there can be several rounds of EAP request messages to complete authentication/authorisation of PDU session.

	1p
	-->
	PDU SESSION AUTHENTICATION COMPLETE
	

	1q
	
	PDU SESSION ESTABLISHMENT ACCEPT
	



[bookmark: _Toc530672824][bookmark: _Toc4500369]101.7.3	URLLC: Service & Performance (5GC) –different DC combinations 
Editor’s note: the test cases in this chapter are tbd as deployment details are not yet available. The current content gives an idea how the test cases could be structured.
	Test Case Title
	LTE 1 CC + NR 1 CC
	LTE 2 CC + NR 1 CC
	LTE 3 CC + NR 1 CC
	LTE 4 CC + NR 1 CC
	LTE 5 CC + NR 1 CC
	eLTE 1CC
	eLTE 2CC
	NB 1CC
	NB 2CC
	SUL

	
	NGEN DC
	eLTE
	NB
	SUL

	[bookmark: _Toc4500370]101.7.3.A	Industry Automation / MEC
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	[bookmark: _Toc4500371]101.7.3.B	Intelligent Transport System / MEC
	X
	X
	
	
	
	X
	
	X
	
	

	[bookmark: _Toc4500372]101.7.3.C	Remote Control / MEC
	X
	X
	
	
	
	X
	
	X
	
	

	[bookmark: _Toc4500373]101.7.3.D	Augmented Reality
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	[bookmark: _Toc4500374]101.7.3.E	Mission Critical Apps / MEC
	X
	X
	
	
	
	X
	X
	X
	
	

	[bookmark: _Toc4500375]101.7.3.F	Mission Critical Data / UP Data
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	[bookmark: _Toc4500376]101.7.3.G	Mission Critical Data / UP Voice
	X
	X
	
	
	
	X
	X
	X
	
	



Description
The 5G-NR capable DUT shall successfully perform 
A) Packet Delay: 10 ms (Use-case: Industry Automation/MEC, B) Packet Delay: 5 ms (Use-case: IntelligentTransportSys/MEC), C) Packet Delay: 5 ms (Use-case: RemoteCtrl/MEC), D) Packet Delay: 10 ms (Use-case: Augmented Reality), E) Packet Delay: 10 ms (Use-case: Mission Critical Apps/MEC), F) Packet Delay: 200 ms (Use-case: Mission Critical Data, UP data) and G) Packet Delay: 100 ms (Use-case: Mission Critical Data, UP voice) in a NW with 5G combinations listed above.
It is essential for the tester to build up a knowledge base of the maximum throughput achievable in the test location and for the device capability. This can be done using different Reference devices with similar capabilities to the DUT. Once a maximum achievable throughput is known for the location then this can be used as a base figure to validate the test result. Please note, that with networks continuously improving, this maximum achievable figure shall be monitored regularly and updated with the latest known maximum achievable throughput. The model name(s) used to build up the knowledge base shall be noted in the test result.
Applicability
3GPP Release 15 or later
5G Option 2 (NB – 5GC)
5G Option 5 (eLTE – 5GC)
5G Option 7 (NGEN-DC – 5GC)
5G Option 4 (NE-DC – 5GC)
Related core specifications
3GPP TS 24.501, section 5 (service request procedure), 6 (5GSM procedures)
3GPP TR 37.872 (SUL)
3GPP TS 38.331, section 5.3 (RRC Connection Control)
3GPP TR 22.804
Reason for test
To verify that the DUT is able to perform A) Industry Automation, B) Mission Critical Apps, C) MEC Mobile Edge Computing Service and D) Augmented Reality in a NW with 5GC combinations. The data rates, response times and quality of services are excellent and are according to the Carrier combinations. The focus of the test cases is performance and service continuity.
Initial configuration
DUT and Reference 1 are in RRC Idle
The DUT, Reference 1 and NW support 5G Architecture Options 2, 5, 7 or 4
Ensure optimal testing conditions (optimum RF signal, low traffic hours to avoid contention with other devices, etc.)
Scenario A: Packet delay 10 ms (use-case: Industry Automation / MEC)
Bearer with 5QI 16 or 17 (10 ms Packet Delay Budget, DelayCriticalGBR, Discrete Automation) available, or
Bearer with 5QI E or F (10 ms Packet Delay Budget, GBR, Discrete Automation) available
Scenario B: Packet delay 5 ms (use-case: IntelligTranspSys / MEC (closed loop NW?))
Bearer with 5QI 11 (5 ms Packet Delay Budget, DelayCriticalGBR, IntelligTranspSys) available
Scenario C: Packet delay 5 ms (use case: Remote Ctrl / MEC (closed loop NW?))
Bearer with 5QI 10 (5 ms Packet Delay Budget, GBR, DelayCriticalGBR, RemoteCTRL) available
Scenario D: Packet delay 10 ms (use-case: Augmented Reality)
Bearer with 5QI 80 (10 ms Packet Delay Budget, nonGBR, AugmentedReality, LLCeMBB) available
Application available to deliver 3D models and data (to place life-size 3D models in their surroundings). This shall include a) smartphone with a camera (with a frame rate ≥ 60 Hz and at least HD (1280 x 720) or Full HD (1920 x 1080) resolution) to capture reality; b) connection to the Internet for receiving the layer of information and; c) software on phone to combine all functions. GPS and/or compass might be supported as well.
Scenario E: Packet delay 60-75 ms (use-case: Mission Critical Apps / MEC)
Bearer with 5QI 65 (75 ms Packet Delay Budget, GBR, MC-PTT) available, or
Bearer with 5QI 69 (60 ms Packet Delay Budget, nonGBR, MC-PTT signalling) available
Scenario F: Packet delay 200 ms (use-case: Mission Critical Data UP data)
Bearer with 5QI 70 (200 ms Packet Delay Budget, nonGBR, MC-PTT Data) available
Scenario G: Packet delay 100 ms (use-case: Mission Critical Data UP voice)
Bearer with 5QI 66 (100 ms Packet Delay Budget, GBR, MC-PTT UP voice) available
Test procedure
Scenarios A – C, E: MEC (Industry Automation, Intelligent Transport System, Remote Ctrl)
	-
	Test procedure
	Expected behaviour

	1
	On DUT and Reference 1: Open the FTP application and start DL of content. 
Measure the time the payload is transferred to the server using a suitable application
	The content is downloaded correctly within swift time.
The throughput measurement is taken and recorded

	2
	On DUT and Reference 1: During data DL ping a remote location. (e.g. ping –t –l 100 –w 1500 10.11.26.52)
	The ping response time does not exceed packet delay time according to test scenario (10 ms or 20 ms)

	3
	On DUT and Reference 1: Start uploading of content to FTP server. 
PING
Measure the time the payload is transferred to the server using a suitable application
	The content is uploaded correctly within swift time.
The throughput measurement is taken and recorded

	4
	On DUT and Reference 1: During data UL ping a remote location. (e.g. ping –t –l 100 –w 1500 10.11.26.52))
	The ping response time does not exceed packet delay time according to test scenario (10 ms or 20 ms)

	5
	Repeat Step 1 and Step 2 until you have in total 5 measurements
	The DUT’s data performance is comparable to the Reference 1 data performance (no more than 10% worse)


Scenario D: (Augmented Reality)
	-
	Test procedure
	Expected behaviour

	1
	On DUT and Reference 1: Open the AR application and start exchanging content/data. 
	The content/data is exchanged correctly in real-time. “Reality” and augmented “3D object” are in synch.
The throughput measurement is taken and recorded

	2
	On DUT and Reference 1: During running application ping a remote location.
	The ping response time does not exceed packet delay time 20 ms

	3
	Repeat Step 1 and Step 2 until you have in total 5 measurements
	The DUT’s data performance is comparable to the Reference 1 data performance (no more than 10% worse)


Scenario E: (use-case: Mission Critical Apps / MEC)
	-
	Test procedure
	Expected behaviour

	1
	On DUT and Reference 1: Open the FTP application and start DL of content. TBD
Measure the downlink throughput for a sufficient amount of time to evaluate the throughput using a suitable application
	The content is downloaded correctly within a reasonable time 
The throughput measurement is taken and recorded

	2
	On DUT and Reference 1: Start uploading of content to FTP server.
Measure the uplink throughput for a sufficient amount of time to evaluate the throughput using a suitable application
	The content is uploaded correctly within a reasonable time 
The throughput measurement is taken and recorded

	3
	Repeat Step 1 and Step 2 until you have in total 5 measurements
	The DUT’s data performance is comparable to the Reference 1 data performance (no more than 10% worse)


Scenario F: (use-case: Mission Critical Data UP data)
	-
	Test procedure
	Expected behaviour

	1
	On DUT and Reference 1: Open the FTP application and start DL of content. TBD
Measure the downlink throughput for a sufficient amount of time to evaluate the throughput using a suitable application
	The content is downloaded correctly within a reasonable time 
The throughput measurement is taken and recorded

	2
	On DUT and Reference 1: Start uploading of content to FTP server.
Measure the uplink throughput for a sufficient amount of time to evaluate the throughput using a suitable application
	The content is uploaded correctly within a reasonable time 
The throughput measurement is taken and recorded

	3
	Repeat Step 1 and Step 2 until you have in total 5 measurements
	The DUT’s data performance is comparable to the Reference 1 data performance (no more than 10% worse)


Scenario G: (use-case: Mission Critical Data UP voice)
	-
	Test procedure
	Expected behaviour

	1
	On DUT and Reference 1: Initiate a voice call to the MCPTT service. TBD
	The call is established and both parties are able to talk to each other. The voice quality is excellent an without any interruptions (TBD) 

	2
	Repeat Step 1 until you have in total 5 measurements
	The DUT’s voice performance is comparable to the Reference 1 data performance (no more than 10% worse) and all calls are successfully setup.



[bookmark: _Toc514833956][bookmark: _Toc530672825][bookmark: _Toc4500377]102	Mobility
[bookmark: _Toc514833957][bookmark: _Toc530672826][bookmark: _Toc4500378]102.1	Tracking Area Update (EPC)
[bookmark: _Toc530672827][bookmark: _Toc4500379]102.1.1	Normal TAU without ISR
Applicability
3GPP Release 15 or later
5G Architecture Option 3 (EN-DC – EPC)
Test case
Please refer to Annex C, 30.2.1.1
[bookmark: _Toc530672828][bookmark: _Toc4500380]102.1.2	Normal TAU with ISR
Applicability
3GPP Release 15 or later
5G Architecture Option 3 (EN-DC – EPC)
Test case
Please refer to Annex C, 30.2.1.2
[bookmark: _Toc530672829][bookmark: _Toc4500381]102.1.3	Periodic TAU
Applicability
3GPP Release 15 or later
5G Architecture Option 3 (EN-DC – EPC)
Test case
Please refer to Annex C, 30.2.2.1
[bookmark: _Toc530672830][bookmark: _Toc4500382]102.1.4	Combined TAU
Applicability
3GPP Release 15 or later
5G Architecture Option 3 (EN-DC – EPC)
Test case
Please refer to Annex C, 30.2.3.1
[bookmark: _Toc514833958][bookmark: _Toc4500383]102.2	Registration/Notification Area Update (5GC)
[bookmark: _Toc4500384]102.2.1	Mobility Registration Area Update 
Description
The DUT shall successfully perform Mobility Registration Update procedure after reselecting a cell in a new Tracking Area outside its Registration Area.
Applicability
3GPP Rel.15 or later
SA Option 2
Related core specifications
3GPP TS 23.502
Reason for test
To verify that the DUT successfully performs Mobility Registration Update procedure, after reselecting a cell in a new Tracking Area outside its Registration Area.
Initial configuration
DUT and NW support 5G NR Option 2.
DUT is in RM-REGISTERED and CM-IDLE state.
Test procedure
	-
	Test procedure
	Expected behaviour

	1
	Move the DUT to a NR cell in a new Tracking Area.
	DUT sends a REGISTRATION REQUEST message to the network with Registration type set to “Mobility Registration Update”.
The network shall respond with REGISTRATION ACCEPT to the DUT. 
If the REGISTRATION ACCEPT messsage contains a new 5G-GUTI, the DUT shall send REGISTRATION COMPLETE to acknowledge the received 5G-GUTI.

	2
	Load a page on the embedded browser (or via a tethering connection if embedded browser is not supported).
	Page is loaded successfully to confirm data connection.


Example message flow:
	Step
	Direction
UE - NW
	Message
	Comments

	1
	-->
	RRC: RRCConnectionRequest
	

	2
	<--
	RRC: RRCConnectionSetup
	

	3
	-->
	RRC: RRCConnectionSetupComplete  
NAS: REGISTRATION REQUEST
	Registration type “Mobility Registration Update”

	4
	<--
	RRC: RRCConnectionReconfiguration
NAS: REGISTRATION ACCEPT
	

	5
	-->
	RRC: RRCConnectionReconfiguration Complete
NAS: REGISTRATION COMPLETE
	Conditional

	6
	<--
	RRC: RRCConnectionRelease
	


[bookmark: _Toc4500385]102.2.2	Periodic Registration Area Update
Description
The DUT shall successfully perform Periodic Registration Update procedure after the expiry of the T3512 timer.
Applicability
3GPP Rel.15 or later
SA Option 2
Related core specifications
3GPP TS 23.502, TS 24.501
Reason for test
To verify that the DUT successfully performs Periodic Registration Update procedure after the expiry of the T3512 timer.
Initial configuration
DUT and NW support 5G NR Option 2.
DUT is in RM-REGISTERED and CM-IDLE state.
T3512 timer is configured.
Test procedure
	-
	Test procedure
	Expected behaviour

	1
	Wait for the T3512 timer to expire and observe DUT
	DUT sends a REGISTRATION REQUEST message to the network with Registration type set to “Periodic Registration Update”.
The network shall respond with REGISTRATION ACCEPT to the DUT. 
If the REGISTRATION ACCEPT messsage contains a new 5G-GUTI, the DUT shall send REGISTRATION COMPLETE to acknowledge the received 5G-GUTI.

	2
	Load a page on the embedded browser (or via a tethering connection if embedded browser is not supported).
	Page is loaded successfully to confirm data connection.


Example message flow:
	Step
	Direction
UE - NW
	Message
	Comments

	1
	-->
	RRC: RRCConnectionRequest
	

	2
	<--
	RRC: RRCConnectionSetup
	

	3
	-->
	RRC: RRCConnectionSetupComplete  
NAS: REGISTRATION REQUEST
	Registration type “Periodic Registration Update”

	4
	<--
	RRC: RRCConnectionReconfiguration
NAS: REGISTRATION ACCEPT
	

	5
	-->
	RRC: RRCConnectionReconfiguration Complete
NAS: REGISTRATION COMPLETE
	Conditional

	6
	<--
	RRC: RRCConnectionRelease
	



[bookmark: _Toc4500386]102.2.3	RAN-Based Notification Area Update During Mobility
Description
The DUT shall successfully perform RAN-Based Notification Area Update procedure after reselecting a cell in a new RAN-Based Notification Area (RNA).
Applicability
3GPP Rel.15 or later
SA Option 2
Related core specifications
3GPP TS 38.331
Reason for test
To verify that the DUT successfully performs RAN-Based Notification Area Update procedure upon changing to a new RNA.
Initial configuration
DUT and NW support 5G NR Option 2.
DUT is in RRC_INACTIVE state.
Test procedure
	-
	Test procedure
	Expected behaviour

	1
	Move the DUT to a NR cell in a new RAN_Based Notification Area.
	DUT sends a RRCResumeRequest message to the network with ResumeCause set to “rna-Update”.
The network shall respond with RRCResume to the DUT. 
DUT sends RRCResumeComplete.

	2
	Load a page on the embedded browser (or via a tethering connection if embedded browser is not supported).
	Page is loaded successfully to confirm data connection.


Example message flow:
	Step
	Direction
UE - NW
	Message
	Comments

	1
	-->
	RRCResumeRequest
	ResumeCause “rna-Update”

	2
	<--
	RRCResume
	

	3
	-->
	RRCResumeComplete
	



[bookmark: _Toc4500387]102.2.4	Periodic RAN-Based Notification Area Update
Description
The DUT shall successfully perform RAN-Based Notification Area Update procedure after the expiry of the T380 timer.
Applicability
3GPP Rel.15 or later
SA Option 2
Related core specifications
3GPP TS 38.331
Reason for test
To verify that the DUT successfully performs RAN-Based Notification Area Update procedure after the expiry of the periodic RNA update timer.
Initial configuration
DUT and NW support 5G NR Option 2.
DUT is in RRC_INACTIVE state.
Test procedure
	-
	Test procedure
	Expected behaviour

	1
	Wait for the T380 timer to expire and observe DUT
	DUT sends a RRCResumeRequest message to the network with ResumeCause set to “rna-Update”.
The network shall respond with RRCResume to the DUT. 
DUT sends RRCResumeComplete.

	2
	Load a page on the embedded browser (or via a tethering connection if embedded browser is not supported).
	Page is loaded successfully to confirm data connection.


Example message flow:
	Step
	Direction
UE - NW
	Message
	Comments

	1
	-->
	RRCResumeRequest
	ResumeCause “rna-Update”

	2
	<--
	RRCResume
	

	3
	-->
	RRCResumeComplete
	



[bookmark: _Toc514833959][bookmark: _Toc530672832][bookmark: _Toc4500388]102.3	Mobility for 5G NR Option 3 (EN-DC)
This chapter contains the mobility test cases for 5G NR Option 3 (EN-DC). 
	Test Case Title
	INTRA-BAND
	INTER-BAND
NR
	INTER-BAND
eUTRAN
	INTER-RAT

	
	A
	B
	C
	D
	E
	F

	
	EN-DC
	EN-DC – 4G
	EN-DC – 3G
	EN-DC - 2G

	[bookmark: _Toc4500389]102.3.1	Reselection	
	
	
	
	X
	X
	X

	[bookmark: _Toc4500390]102.3.2	Release with Redirect
	
	
	
	
	X
	X

	[bookmark: _Toc4500391]102.3.3	Handover
	X
	X
	X
	X
	X
	



Applicability
3GPP Rel.15 or later
Non-Standalone Option 3
Related core specifications
3GPP TS 38.304, TS 38.331, TS 37.340
Reason for test
To ensure that the DUT performs handovers, release redirects and cell reselections correctly without losing service.
Initial configuration
There must be an appropriate number of EN-DC, LTE (4G), UTRAN (3G) and GSM (2G) cells available of the same PLMN.
The table above shows the combinations of test cases that can be performed with each scenario.
Test Scenario
Use an internal test monitor or protocol tool to confirm the scenario has been successfully performed.
[bookmark: _Toc4500392]Scenario A: Intra-Band (Long Route / Multiple Cells) 
Test route should contain a substantial number of different Cell IDs.
The test route should contain as many of the scenarios as possible:
· Cells within the same Tracking Area.
· Cells in different Tracking Areas.
· Cells using the same frequency.
· Cells using different frequencies within the same band.
	-
	Test procedure
	Expected behaviour

	1
	Move DUT along the route and ensure that a significant number of handovers / reselections are performed.
Check the Cell ID details as the DUT moves through the route.
	The scenarios are successfully performed and DUT stays in service the whole time.


[bookmark: _Toc4500393]Scenario B: Inter-Band NR
In this scenario the band used for the eUTRAN band remains the same but the band used for the NR part changes when moving from one cell to another.
	-
	Test procedure
	Expected behaviour

	1
	Move DUT between two cells that use a different carrier frequency for the NR part.
Check the Cell ID details as the DUT moves through the route.
	The scenarios are successfully performed and DUT stays in service the whole time. Transfer data in each cell to ensure that connectivity is in place after going from one cell to another


[bookmark: _Toc4500394]Scenario C: Inter-Band eUTRAN
In this scenario the band used for the eUTRAN band changes while the band used for the NR remains the same when moving from one cell to another.
	-
	Test procedure
	Expected behaviour

	1
	Move DUT between two cells that use a different carrier frequency for the eUTRAN part.
Check the Cell ID details as the DUT moves through the route.
	The scenarios are successfully performed and DUT stays in service the whole time. Transfer data in each cell to ensure that connectivity is in place after going from one cell to another


[bookmark: _Toc4500395]Scenario D: Inter-RAT (EN-DC – 4G)
In these scenarios the DUT moves from EN-DC to LTE (4G)
	-
	Test procedure
	Expected behaviour

	1
	Move DUT from EN-DC to LTE (4G) 
Check the Cell ID details as the DUT moves from one cell to the other
	The scenarios are successfully performed and DUT stays in service the whole time. Transfer data in each cell to ensure that connectivity is in place after going from one cell to another.

	2
	Move the DUT from LTE (4G) To EN-DC while it is in idle state so a cell reselection is performed.
	The UE moves back to EN-DC connectivity when it becomes available and data transfer is still possible.


[bookmark: _Toc4500396]Scenario E and F: Inter-RAT (EN-DC – 3G and 2G)
In these scenarios the DUT moves from EN-DC to a different RAT (i.e. LTE-only (4G), UMTS (3G) or GSM (2G)
	-
	Test procedure
	Expected behaviour

	1
	Move DUT from EN-DC to the other RAT. 
Check the Cell ID details as the DUT moves through the route.
	The scenarios are successfully performed and DUT stays in service the whole time. Transfer data in each cell to ensure that connectivity is in place after going from one cell to another.

	2
	Move the DUT from target RAT To EN-DC while it is in idle state so a cell reselection is performed.
	The UE moves back to EN-DC connectivity when it becomes available and data transfer is still possible.



[bookmark: _Toc514833960][bookmark: _Toc530672833][bookmark: _Toc4500397]102.4	Mobility for 5G NR - 5GC - Option 2 (NB)
	Test Case Title
	INTRA-RAT
	INTER-RAT
	INTER-SYSTEM

	
	A
	B
	C
	D
	E
	F

	
	5G Intra-Band
	5G Inter-Band
	5G to 4G
	4G to 5G
	FDD to TDD
	TDD to FDD

	[bookmark: _Toc4500398]102.4.1	Reselection (RRC Idle) (5GC) - UE initiated
	X
	X
	X
	X
	X
	X

	[bookmark: _Toc4500399]102.4.2	Handover (RRC Inactive) (5GC) - UE initiated
	X
	X
	X
	
	X
	X

	[bookmark: _Toc4500400]102.4.3	Handover (RRC Active) (5GC) - NW initiated
	X
	X
	X
	X
	X
	X



Description
The DUT should perform reselections and handovers without losing service.
Applicability
3GPP Rel.15 or later
SA Option 2
Related core specifications
3GPP TS 38.304, TS 38.331
Reason for test
To ensure that the DUT performs reselections, handovers and release redirect correctly without losing service.
Initial configuration
There must be an appropriate number of NR and E-UTRA cells available on the same PLMN.
The above table shows the combinations of test cases that can be performed with each scenario.
Please see the test scenario and apply the required test procedure (below) as per the requirement in the table.
Use an internal test monitor or protocol tool to confirm the scenario has been successfully performed.
[bookmark: _Toc4500401]Scenario A: Intra-Band (Long Route / Multi Cell) (5G -> 5G)
Test route should contain a substantial number of different Cell ID’s.
The test route should contain as many of the scenarios as possible:
· Cells within the same Registration Area. 
· Cells in different Registration Areas.
· Cells using the same frequency.
· Cells using different frequencies within the same band.
· Cells sharing the same gNodeB.
· Cells not sharing the same gNodeB.
· Cells using a different AMF.
	-
	Test procedure
	Expected behaviour

	1
	Move DUT along the route, ensuring as many scenarios as possible are covered.
Check the Cell ID details as the DUT moves through the route.
	The scenarios are successfully performed and DUT stays in service the whole time.


[bookmark: _Toc4500402]Scenario B: Inter-Band (5G (Band A) -> 5G (Band B))
The test route should contain the following scenario:
· Cells operating on different frequency bands (Band A -> Band B).
	-
	Test procedure
	Expected behaviour

	1
	DUT is at start location.
	DUT is in a 5G cell (Band A).

	2
	Move DUT along the route.
Check the Cell ID details as the DUT moves through the route.
	DUT is in a 5G cell (Band B).


[bookmark: _Toc4500403]Scenario C: Inter-RAT (5G -> 4G)
The test route should contain the following scenario:
· 5G cells and 4G cells.
	-
	Test procedure
	Expected behaviour

	1
	DUT is at start location.
	DUT is in a 5G cell.

	2
	Move DUT along the route.
Check the Cell ID details as the DUT moves through the route.

	Reselection, redirect or handover is successfully performed as per the network and DUT implementation.
DUT is in a 4G cell.


[bookmark: _Toc4500404]Scenario D: Inter-RAT (4G -> 5G)
The test route should contain the following scenario:
· 5G cells and 4G cells.
	-
	Test procedure
	Expected behaviour

	1
	DUT is at start location.
	DUT is in a 4G cell.

	2
	Move DUT along the route.
Check the Cell ID details as the DUT moves through the route.
	Reselection, Redirect or Handover is successfully performed as per the network and DUT implementation.
DUT is in a 5G cell.


[bookmark: _Toc4500405]Scenario E: Inter-Technology (5G (FDD) -> 5G (TDD))
The test route should contain the following scenario:
· 5G cells suppoting FDD and 5G cells supporting TDD.
	-
	Test procedure
	Expected behaviour

	1
	DUT is at start location.
	DUT is in a 5G cell supporting FDD.

	2
	Move DUT along the route.
Check the Cell ID details as the DUT moves through the route.
	DUT is in a 5G cell supporting TDD.


[bookmark: _Toc4500406]Scenario F: Inter-Technology (5G (TDD) -> 5G (FDD))
The test route should contain the following scenario:
· 5G cells supporting TDD and 5G cells supporting FDD.
	-
	Test procedure
	Expected behaviour

	1
	DUT is at start location.
	DUT is in a 5G cell supporting TDD.

	2
	Move DUT along the route.
Check the Cell ID details as the DUT moves through the route.
	DUT is in a 5G cell supporting FDD.


Test Procedures
[bookmark: _Toc530672834]102.4.1	Reselection (RRC Idle) (5GC) - UE initiated
	-
	Test procedure
	Expected behaviour

	1
	DUT is configured so that data is enabled.
	Data connection is available according to the RAT connection.

	2
	DUT is in Idle state.
	No data transfer is on-going.

	3
	Perform the instruction of the desired scenario.

	4
	Page (SMS) the DUT after the scenario.
	DUT can be successfully paged (SMS).


[bookmark: __RefHeading___Toc211134_752841376][bookmark: _Toc530672835]102.4.2	Handover (RRC Inactive) (5GC)
	-
	Test procedure
	Expected behaviour

	1
	DUT is configured so that data is enabled.
	Data connection is available according to the RAT connection.

	2
	Ensure a data transfer is ongoing. This can be via a tethered connection, DUN, an internal application on DUT or via continuous PINGs.
	DUT is actively transferring data.

	3
	Stop data transfer.
	DUT enters in RRC Inactive state.

	4
	Perform the instruction of the desired scenario.
	In Scenario A/B/E/F, DUT can successfully perform RAN Notification Area Updates.
In Scenario C, DUT can successfully perform TAU.

	5
	Page (SMS) the DUT after the scenario.
	DUT can be successfully paged (SMS).


[bookmark: _Toc530672836]102.4.3	Handover (RRC Active) (5GC)
	-
	Test procedure
	Expected behaviour

	1
	DUT is configured so that data is enabled.
	Data connection is available according to the RAT connection.

	2
	Ensure a data transfer is ongoing. This can be via a tethered connection, DUN, an internal application on DUT or via continuous PINGs.
	DUT is actively transferring data.

	3
	Follow the instruction of the desired scenario.

	4
	Check data transfer continues after the scenario.
	DUT is actively transferring data.
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