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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, E) perform IMS emergency services and F) make IMS video call 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) send SMS over IMS, D) use IMS voice, E) perform IMS emergency services and F) make IMS video call in a 5GC environment.
Initial configuration
DUT and Reference 1 is Switched OFFON
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
Scenario F: IMS video call
Bearer with 5QI 2 (150 ms Packet Delay Budget, GBR, conversational video) available, or
Bearer with 5QI 5 (100 ms Packet Delay Budget, GBR, IMS signalling) available
Test procedure
101.7.1.1Scenario 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:101.7.1.2 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: 101.7.1.3 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, E and F:101.7.1.4 IMS voice /IMS emergency /IMS video service
	-
	Test procedure
	Expected behaviour

	1
	On DUT and Reference 1: DUT makes a MO IMS Voice/ Video call to Client 1. Consecutively, Reference 1 makes a MO IMS Voice call to Client 2.
	Depending on the NS configuration 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 IMS calls are successfully established.

	3
	End both IMS calls.
	Calls are ended.


	4
	Repeat 1-3 for 9 more times.
	Confirm DUT’s  IMS 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 procedure is 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
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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.
Note: There are several ways to check the throughput:
· DUT tethered to a laptop (USB/Wi-Fi). A speedtest tool on the laptop can then be used to measure the throughput. Ensure that the tethering/DUN connection is as fast as the available cellular connection.
· A speedtest tool directly on the DUT can be used to measure the throughput.
· For modules or devices without a UI, a DUN connection to a laptop can be used along with a speedtest tool on the laptop to measure the throughput.Other valid methods are available such as an FTP client.
101.7.4.1 Stationary Data Performance – Relative Downlink Throughput
Description
Measure the average downlink throughput for a 5G New Radio Access Bearer.
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
Obtain a measure of average downlink throughput for 5G New Radio Access Bearer.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 2, 5, 7 or 4
Ensure optimal testing conditions (optimum RF signal, low traffic hours to avoid contention with other devices, etc.)
Knowledge base of the maximum throughput achievable in the test location and for the device capability is available.
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 downlink video streaming performance is comparable to the Reference 1 streaming performance (no more than 10% worse)

	3
	On DUT and Reference 1: Open the embedded application and shoot Live Video (For example: live streaming from any social media platform) for 10 minutes. The video content is shot in highest possible resolution with good sound.
On Client 1 and Client 2: Open the embedded application and check the live video..
	The live video content is stable throughout the entire transmission.
The DUT’s uplink video 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 procedure is  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
	


	-
	Test procedure
	Expected behaviour

	1
	Prepare the DUT and Reference with the method of measuring the throughput.
	DUT and Reference are setup with the appropriate tool/method.

	2
	Perform 1 x Downlink throughput measurement on DUT using the appropriate method.
	Measurement is taken and recorded.

	3
	Perform 1 x Downlink throughput measurement on the Reference 1 using the appropriate method.
	Measurement is taken and recorded.

	4
	Ensure there is no further data traffic and wait for in-activity timer to expire.
	Confirm with a trace tool / test monitor that DUT and Reference 1 return to RRC Idle.

	5
	Repeat and perform at least 5 Downlink throughput measurements on DUT and Reference in alternating sequence.
Ensure DUT and Reference 1 is in RRC Idle before performing the next throughput measurement.
	Measurements are taken and recorded on DUT and Reference 1.

	6
	Calculate average downlink throughput for DUT and reference 1.
	

	7
	Evaluate the data performance by comparing the DUT’s average throughput with the reference 1’s average throughput and the known maximum throughput for the test location and device capability from the knowledge base.
	Ensure that the DUT’s data performance is no more than 10% worse than the reference device and that the DUT’s performance is no more than 20% worse than the known maximum throughput from the knowledge base.



101.7.4.2 Stationary Data Performance – Relative Uplink Throughput
Description
Measure the average uplink throughput for a 5G New Radio Access Bearer.
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
Obtain a measure of average uplink throughput for 5G New Radio Access Bearer.
Initial configuration
DUT and Reference 1 are in RRC Idle
The DUT, Reference 1 and NW support 5G Architecture Option 2, 5, 7 or 4
Ensure optimal testing conditions (optimum RF signal, low traffic hours to avoid contention with other devices, etc.)
Knowledge base of the maximum throughput achievable in the test location and for the device capability is available.
Test procedure
	-
	Test procedure
	Expected behaviour

	1
	Prepare the DUT and Reference with the method of measuring the throughput.
	DUT and Reference are setup with the appropriate tool/method.

	2
	Perform 1 x Uplink throughput measurement on DUT using the appropriate method.
	Measurement is taken and recorded.

	3
	Perform 1 x Uplink throughput measurement on the Reference 1 using the appropriate method.
	Measurement is taken and recorded.

	4
	Ensure there is no further data traffic and wait for in-activity timer to expire.
	Confirm with a trace tool / test monitor that DUT and Reference 1 return to RRC Idle.

	5
	Repeat and perform at least 5 Uplink throughput measurements on DUT and Reference in alternating sequence.
Ensure DUT and Reference 1 is in RRC Idle before performing the next throughput measurement.
	Measurements are taken and recorded on DUT and Reference 1.

	6
	Calculate average Uplink throughput for DUT and reference 1.
	

	7
	Evaluate the data performance by comparing the DUT’s average throughput with the reference 1’s average throughput and the known maximum throughput for the test location and device capability from the knowledge base.
	Ensure that the DUT’s data performance is no more than 10% worse than the reference device and that the DUT’s performance is no more than 20% worse than the known maximum throughput from the knowledge base.


101.7.4.3 Stationary Data Performance during Active IMS Voice Call– Relative Throughput
Description
Measure the average data throughput during active IMS voice call for a 5G New Radio Access Bearer.
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
Obtain a measure of average data throughput during active IMS voice call for 5G New Radio Access Bearer.
Initial configuration
DUT is in RRC Idle
The DUT and NW support 5G Architecture Option 2, 5, 7 or 4
Ensure optimal testing conditions (optimum RF signal, low traffic hours to avoid contention with other devices, etc.)
Test procedure
	-
	Test procedure
	Expected behaviour

	1
	Prepare the DUT with the method of measuring the throughput.
	DUT and Reference are setup with the appropriate tool/method.

	2
	Perform data throughput measurement on DUT using the appropriate method.
	Measurement is taken and recorded.

	3
	Establish an IMS voice call on DUT.
	An IMS voice call is successfully established, including a dedicated bearer. Speech path is present in both directions.

	4
	Perform data throughput measurement on DUT using the appropriate method.
	Measurement is taken and recorded.

	5
	Compare the date throughput evaluated before and during the IMS voice call.
	Confirm that the voice call remains uninterrupted during the throughput measurement.
Ensure that the throughput measurement taken during the IMS voice call is no more than 10% worse than the measurement taken before the call
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