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1 [bookmark: _Toc101946531][bookmark: _Toc145533066][bookmark: _Toc327547998][bookmark: _Toc327548198]
Introduction
1.1 [bookmark: _Toc145533067]Overview
Wi-Fi calling, also known as Voice over Wi-Fi (VoWi-Fi), has been around the world for a decade. It provides good service and enhances the user experience on the benefit that:
· The development of Wi-Fi technology for example Wi-Fi 6 do more to support “dense” locations and provide higher throughput to improve voice quality.
· Seamlessly switch from cellular to Wi-Fi can provide better user experience if cellular is poor
· Users can make and receive calls anywhere in the word without being worried about high roaming charges. 
For 5G, due to higher spectrum deployment, the indoor deep coverage issues are more prominent for mobile operators. Therefore, as complementary to cellular voice calling service and a quicker method to solve customers' complaints about poor indoor coverage, a minimum set of requirements for Wi-Fi calling has been created. The output shall help drive and standardise Wi-Fi calling implementation on 5G devices of MNOs and OEMs and facilitate support of Wi-Fi calling functionality and usability for users of WLAN services on operator networks.
The content of this document includes the following aspects:
1. [Section A].
2. [Section B].
3.  [Section C].
4.  [Section D].
EDITOR NOTE:	The section numbers will be aligned with the final document numbering  scheme upon the final review.
[bookmark: _Toc145533070]
========= Start of 1st change =======

1.2 Abbreviations
	Term 
	Description

	RRC
	Radio Resource Control

	RSRP
	Reference Signal Received Power

	RSSI
	Reference Signal Strength Indicator

	SNR
	Signal-to-Noise Ratio

	SINR
	Signal to Interference plus Noise Ratio


[bookmark: _Toc327447332][bookmark: _Toc327547999][bookmark: _Toc327548199][bookmark: _Toc67313663][bookmark: _Toc145533071]
  ========= End of 1st change =======
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2 [bookmark: _Toc145533083]
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8 UE handover policy
8.1 [bookmark: _Toc145533084]Measurements for Handover trigger

	TS.63_8.1_REQ_001
	The UE SHALL use handover threshold as measurement for handover trigger between Wi-Fi and cellular network. 

	TS.63_8.1_REQ_002
	The UE SHOULD use different handover thresholds for scenarios where there is no call or an on-going call.

	TS.63_8.1_REQ_003
	The UE SHOULD use RSRP (Reference Signal Received Power) for cellular and RSSI (Reference Signal Strength Indicator) for Wi-Fi as measurement metrics for handover trigger between Wi-Fi and cellular network.

	TS.63_8.1_REQ_004
	The UE SHALL use hysteresis timer to avoid frequent handover between Wi-Fi and cellular network.

	TS.63_8.1_REQ_005
	The UE MAY pre-configured different value of the hysteresis timer for different RATs.

	TS.63_8.1_REQ_006
	The UE SHOULD pre-configured different value of the hysteresis timer when there is no call (idle state, RRC inactive and RRC connected state) or there is on-going call (RRC connected state).

	TS.63_8.1_REQ_00X
	The UE SHOULD use SINR (Signal to Interference plus Noise Ratio) for cellular and SNR (Signal-to-Noise Ratio) for Wi-Fi as measurement metrics for handover trigger between Wi-Fi and cellular network.



8.2 [bookmark: _Toc145533085]Handover Scenarios when SNR and SINR are supported.

	TS.63_8.2_REQ_001
	If UE does not support SNR and SINR for handover and 
When cellular preferred is enabled, the UE SHALL consider the entering condition to be satisfied when condition A1-1 or condition A1-2 as specified below, is fulfilled.
· Inequality A1-1 (Entering condition)
Ms_cellular – Hys_cellular > Thresh_cellular 
· Inequality A1-2 (Entering condition)
Ms_cellular > Thresh_cellular and Ms_wifi < Thresh_wifi	Comment by XiaomiGordon: Should this be “AND” not “and” Boolean operator

	TS.63_8.2_REQ_002
	If UE does not support SNR and SINR for handover and 
When cellular preferred is enabled, the UE SHALL consider the leaving condition be satisfied when condition A1-3, as specified below, is fulfilled.
· Inequality A1-3 (Leaving condition)
Ms_cellular < Thresh_cellular and Ms_wifi – Hys_wifi > Thresh_wifi

	TS.63_8.2_REQ_00X1
	If UE supports SNR and SINR for handover and 
cellular preferred is enabled, the UE SHALL consider the entering condition to be satisfied when condition A1-1X or condition A1-2X or A1-3X as specified below, is fulfilled.
· Inequality A1-1X (Entering condition)
Ms_RSRP_cellular – Hys_cellular > Thresh_RSRP_cellular and if SINR and SNR are supported, and Ms_SINR_cellular > Thresh_ SINR_cellular
· Inequality A1-2X (Entering condition)
Ms_cellular > Thresh_cellular and Ms_wifi < Thresh_wifi and if SINR and SNR are supported, and Ms_SINR_cellular > Thresh_ SINR_cellular
· Inequality A1-3X (Entering condition)
Ms_SNR_wifi ≤ Thresh_SNR_wifi and Ms_RSRP_cellular + Hys_ cellular ≥ Thresh_RSRP  and Ms_SINR_cellular > Thresh_SINR_cellular

	TS.63_8.2_REQ_00X2
	If UE supports SNR and SINR for handover and 
cellular preferred is enabled, the UE SHALL consider the entering condition to be satisfied when condition A1-4X or condition A1-5X as specified below, is fulfilled.

Inequality A1-4X (Leaving condition)
Ms_RSRP_cellular + Hys_ cellular < Thresh_RSRP  and Ms_RSSI_wifi - Hys_wifi ≥ Thresh_RSSI  and Ms_SNR_wifi > Thresh_SNR_wifi
Inequality A1-5X (Leaving condition)
Ms_SINR_cellular ≤ Thresh_SINR_cellular and Ms_RSSI_wifi - Hys_wifi ≥ Thresh_RSSI  and Ms_SNR_wifi > Thresh_SNR_wifi


	TS.63_8.2_REQ_003
	If UE does not support SNR and SINR for handover and 
When Wi-Fi preferred is enabled, the UE SHALL consider the entering condition to be satisfied when condition A1-1 or condition A1-2 as specified below, is fulfilled
· Inequality A1-1 (Entering condition)
Ms_cellular – Hys_cellular > Thresh_cellular 
· Inequality A1-2 (Entering condition)	Comment by XiaomiGordon: Seems wrong to use same label as in REQ_001 as the inequality is different?
Ms_wifi > Thresh_wifi and Ms_cellular< Thresh_cellular

	TS.63_8.2_REQ_004
	If UE does not support SNR and SINR for handover and 
When Wi-Fi preferred is enabled, the UE SHALL consider the leaving condition be satisfied when condition A1-3, as specified below, is fulfilled.
· Inequality A1-3 (Leaving condition)	Comment by XiaomiGordon: Again label same as used in REQ_002 should use new label?
Ms_wifi < Thresh_wifi and Ms_cellular– Hys_cellular > Thresh_cellular.

	TS.63_8.2_REQ_00X3
	If UE supports SNR and SINR for handover and 
Wi-Fi preferred is enabled, the UE shall consider the entering condition to be satisfied when condition A1-1X or condition A1-2X or condition A1-3X, as specified below, is fulfilled.
· Inequality A1-1X (Entering condition)
Ms_RSSI_wifi - Hys_wifi  ≥ Thresh_RSSI  and Ms_SNR_wifi > Thresh_SINR_wifi
· Inequality A1-2X (Entering condition)
Ms_RSRP_cellular + Hys_ cellular ≤ Thresh_RSRP and Ms_RSSI_wifi  + Hys_wifi ≥ Thresh_RSSI  and Ms_SNR_wifi > Thresh_SNR_wifi
· Inequality A1-3X (Entering condition)
Ms_SINR_cellular  ≤ Thresh_SINR_cellular and Ms_RSSI_wifi + Hys_wifi ≥ Thresh_RSSI and Ms_SNR_wifi > Thresh_SNR_wifi


	TS.63_8.2_REQ_00X4
	If UE supports SNR and SINR for handover and 
Wi-Fi preferred is enabled, the UE shall consider the leaving condition be satisfied when condition A1-4X or condition A1-5X, as specified below, is fulfilled.
· Inequality A1-4X (Leaving condition)
Ms_RSSI_wifi + Hys_wifi ≤ Thresh_RSSI  and Ms_RSRP_cellular -Hys_cellular ≥ Thresh_RSRP and Ms_SINR_cellular > Thresh_SINR_cellular
· Inequality A1-5X (Leaving condition)
Ms_SNR_wifi  ≤ Thresh_SNR_wifi and Ms_RSRP_cellular -Hys_cellular  ≥ Thresh_RSRP  and Ms_SINR_cellular > Thresh_SINR_cellular




[bookmark: _Hlk146574596]Note: 
1.If Hys_callular cellular and Hys_wifi are set to 0, only Condition A1-1 should be considered for entering condition. Otherwise, both Condition A1-1 and Condition A1-2 can be considered simultaneously.
2. Above conditions are applicable for scenarios when there is no call and there is on-going call.
3. The value of Hys_cellular, Hys_wifi, Thresh_RSRP_cellular, Thresh_SINR_cellular, Thresh_RSSI_wifi and Thresh_SNR_wifi are up to operators’ policy and pre-configured by local operators, it can also vary when there is no call and when there is on-going call.
4. In roaming scenario, range value of threshold and hysteresis by different operators should be supported by UE. More details will be discussed in section 8.2.
5. For dual-SIM UE supporting Wi-Fi calling service, handover conditions can vary if dual-SIM cards belong to different operator.

The variables in the formula are defined as follows:
Ms_RSRP_cellular is the RSRP measurement result of the serving cellular cell, not taking into account any offsets.
Ms_SINR_cellular is the SINR measurement result of the serving cellular cell, not taking into account any offsets.
Ms_RSSI_wifi is the RSSI measurement result of the serving Wi-Fi, not taking into account any offsets.
Ms_SNR_wifi is the SNR measurement result of the serving Wi-Fi, not taking into account any offsets.
Hys_cellular is the hysteresis parameter for cellular network.
Hys_wifi is the hysteresis parameter for Wi-Fi network.
Thresh_RSRP_cellular is the RSRP threshold parameter for cellular network.
Thresh_SINR_cellular is the SINR threshold parameter for cellular network.
Thresh_RSSI_wifi is the threshold parameter for Wi-Fi network.
Thresh_SNR_wifi is the SNR threshold parameter for Wi-Fi network.
Ms_RSRP_cellular isand Ms_SINR_cellular are expressed in dBm in case of RSRP, Ms_RSSI_wifi isand Ms_SNR_wifi are expressed in dBm in case of RSSI.
Hys_cellular and Hys_cellular is expressed in dB.
Thresh_RSRP_cellular isand Thresh_SINR_cellular are expressed in dBmthe same unit as  Ms_cellular, Thresh_RSSI_wifi isand Thresh_SNR_wifi are expressed in the same unit as Ms_wifidBm.
8.2.1 [bookmark: _Toc145533086]Handover between cellular and Wi-Fi during on-going call
<Descibe UE handover policy between VoLTE and/or VoNR  with VoWi-Fi.>
8.2.2 [bookmark: _Toc145533087]Handover between cellular and Wi-Fi when there is no call
<Descibe UE handover policy between LTE and/or NR SA with Wi-Fi.>
8.2.3 [bookmark: _Toc145533088]Optimazation of Handover Procedures
<Descibe optimized methods to improve the handover performance during above handover scenarios.>

========= End of 2nd change =======

Annex A [bookmark: _Toc327548010][bookmark: _Toc327548210][bookmark: _Ref329687081][bookmark: _Toc145533089][bookmark: _Toc268093867]Annex Style
A.1 [bookmark: _Toc145533090][bookmark: _Toc327548011][bookmark: _Toc327548211][bookmark: _Toc333330462]3GPP and non-3GPP interworking information 

3GPP and non-3GPP interworking information including but not limited to:
· Whether handover between ePDG and EPC is supported
· Whether handover between ePDG and 5GC is supported
· Whether handover between N3IWF and EPC is supported
· Whether handover between N3IWF and 5GC is supported
3GPP and non-3GPP interworking information should be provided by cellular network and/or Wi-Fi network in Information Element (IE), Wi-Fi network should provide this IE via IKEv2 Notify payloads and cellular network should provide it via NAS messages. 

3GPP and non-3GPP interworking information is recommended to  provided as follows,
	Scenario
	Message
	Information Element
	Supported

	UE Attach to LTE or TAU
	Attach Accept or TAU Accept
	handover_PDN_EPS_ ePDG or handover_PDN_EPS_ N3IWF
	Yes / No

	UE register to NR SA
	Registration Accept
	handover_PDU_5GC_N3IWF
or handover_PDN_5GC_ePDG
	Yes / No

	UE register IMS voice over Wi-Fi and it can access to EPC via ePDG  
	IKEv2 Notify payloads
	handover_PDN_EPS_ ePDG or handover_PDN_5GC_ePDG
	Yes / No

	UE register IMS voice over Wi-Fi and it can access to 5GC via N3IWF
	IKEv2 Notify payloads
	handover_PDN_EPS_N3IWF
or 
handover_PDU_5GC_N3IWF
	Yes / No


A.2 [bookmark: _Toc145533091]Network types 
	Network Types
	3GPP access to EPC 
	3GPP access to 5GC
	Untrusted non-3GPP access to EPC via ePDG
	Untrusted non-3GPP access to 5GC via N3IWF
	Interworking between ePDG/EPC and 5GC
	Interworking between N3IWF/5GC and EPC
	Supporting VoNR

	1
	√
	√
	√
	
	
	
	

	2
	√
	√
	√
	
	√
	
	

	3
	√
	√
	√
	
	√
	
	√

	4
	√
	√
	
	√
	
	
	√

	5
	√
	√
	
	√
	
	√
	√


Use cases for network type1 are described as below:
1. UE initially registered  IMS voice over Wi-Fi
a) UE reveives 3GPP and non-3GPP interoperability information that network only support handover between ePDG and EPC;
b) Wi-Fi signal becomes unavailable and cellular network turns good;
c) If UE is camped on LTE, the UE shall seamlessly handover IMS PDN connection from Wi-Fi to LTE as long as handover condition is met;  
d) If UE is camped on NR SA, 
i. When there is no call, the UE is recommended to initiate a new IMS PDU sesson on NR SA once handover triggered.
ii. When there is on-going call, the UE shall perform LTE measurement before handover and try to handover active Wi-Fi Calling sessions from Wi-Fi to LTE as long as handover condition is met. 
e) The UE has ongoing call in VoLTE;
f) After call is ended, the UE register back to NR SA.
2. UE initially registered  IMS voice over NR SA.
a) UE reveives 3GPP and non-3GPP interoperability information that network only support handover between ePDG and EPC;
b) UE start a call and it EPS fallback to VoLTE;
c) LTE signal becomes poor and Wi-Fi signal turns good, handover is triggered;UE directly handover VoLTE to VoWi-Fi.
Note: Handover condition and when to perform LTE measurement are up to device implementation.
A.3 [bookmark: _Toc145533092]Handover use cases 

1. When cellular preferred is enabled and both Hys_cellular and Hys_wifi are set to 0 
a) UE initially registered IMS voice over Wi-Fi;
b) Cellular network turns good;
c) UE shall seamlessly handover from Wi-Fi to cellular as long as handover condition A1-1 is met, that is RSRP greater than Thresh_cellular.
2.  When cellular preferred is enabled and Hys_cellular and/or Hys_wifi are not set to 0  
a) UE initially registered IMS voice over Wi-Fi;
b) Cellular network turns good;
c) UE shall seamlessly handover from Wi-Fi to cellular once handover condition A1-1 is met, that is greater than Thresh_cellular plus Hys_cellular irrespective of availability of the Wi-Fi network.
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