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Introduction
[bookmark: _Toc108542764]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 celluar 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: _Toc108542765]Scope
The aim of this document is to define minimum Wi-Fi calling requirements for 5G SA device. 
The main body of this document is applicable for the scenario where Wi-Fi calling services are deployed in 5G System (NG-RAN, 5GC, UE) or 4G System (E-UTRAN, EPC, UE) including interworking with 5G and 4G system.
The present version of this PRD is restricted to profiling related to NG-RAN option SA NR (i.e. option 2) as defined in 3GPP TS 23.501 [X] and legacy LTE as defined in 3GPP TS 23.401 [X].
[bookmark: _Toc327447333][bookmark: _Toc327548001][bookmark: _Toc327548201][bookmark: _Toc108542766]Definitions
	Term 
	Description

	
	<This is an optional section giving definitions necessary for the understanding of certain terms used in the document. The terms should be sorted in alphabetical order. If there are no entries needed in a definitions table, this section may be deleted>


[bookmark: _Toc327447334][bookmark: _Toc327548002][bookmark: _Toc327548202][bookmark: _Toc108542767]Abbreviations
	Term 
	Description

	
	<This is an optional section giving a list of the abbreviations necessary for the understanding of the GSMA document. This list shall contain all abbreviations and their corresponding full terms which are used within the document, in alphabetical order. If there are no entries needed in an abbreviations table, this section may be deleted>

	<e.g. PRD>
	Permanent Reference Document


[bookmark: _Toc327447332][bookmark: _Toc327547999][bookmark: _Toc327548199][bookmark: _Toc67313663][bookmark: _Toc108542768][bookmark: _Toc327548004][bookmark: _Toc327548204]References 
	Ref
	Doc Number
	Title

	
	
3GPP TS 23.501
	3rd Generation Partnership Project;
Technical Specification Group Services and System Aspects;
System architecture for the 5G System (5GS);
Stage 2 (Release 16) https://www.3gpp.org/ftp/Specs/archive/23_series/23.501

	
	3GPP TS 23.502
	3rd Generation Partnership Project;
Technical Specification Group Services and System Aspects;
Procedures for the 5G System (5GS);
Stage 2 (Release 16)
https://www.3gpp.org/ftp/Specs/archive/23_series/23.502

	
	3GPP TS 24.193
	3rd Generation Partnership Project;
Technical Specification Group Core Network and Terminals;
5G System;
Access Traffic Steering, Switching and Splitting (ATSSS);
Stage 2 (Release 16)
https://www.3gpp.org/ftp/Specs/archive/24_series/24.193

	
	3GPP TS 24.623
	3rd Generation Partnership Project;
Technical Specification Group Core Network and Terminals;
Extensible Markup Language (XML) 
Configuration Access Protocol (XCAP) over the Ut interface 
for Manipulating Supplementary Services 
(Release 16)
https://www.3gpp.org/ftp/Specs/archive/24_series/24.623

	
	IEEE 802.11 ax 2021
	IEEE Standard for Information Technology--Telecommunications and Information Exchange between Systems Local and Metropolitan Area Networks--Specific Requirements Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Specifications Amendment 1: Enhancements for High-Efficiency WLAN
https://ieeexplore.ieee.org/document/9442429

	
	GSMA IR.51
	IMS Profile for Voice, Video and SMS over untrusted Wi-Fi access (note: WLAN access connected to EPC) 


	
	GSMA IR.61
	WLAN Roaming Guidelines (Inter-Operator Handbook) 

	
	GSMA IR.92
	IMS Profile for Voice and SMS

	
	GSMA NG.114
	IMS Profile for Voice, Video and Messaging over 5GS

	
	GSMA NG.115
	IMS Profile for Voice, Video and Messaging over Untrusted WLAN Connected to 5GC

	[bookmark: _Ref327455043]
	RFC 2119
	“Key words for use in RFCs to Indicate Requirement Levels”, S. Bradner, March 1997. Available at http://www.ietf.org/rfc/rfc2119.txt   

	[bookmark: _Ref67313505]
	RFC 8174
	Ambiguity of Uppercase vs Lowercase in RFC 2119 Key Words
https://www.rfc-editor.org/info/rfc8174


[bookmark: _Toc67313664][bookmark: _Toc108542769]Conventions
 “The key words “MUST”, “MUST NOT”, “REQUIRED”, “SHALL”, “SHALL NOT”, “SHOULD”, “SHOULD NOT”, “RECOMMENDED”, “MAY”, and “OPTIONAL” in this document are to be interpreted as described in RFC 2119 [112] and clarified by RFC8174 [312], when, and only when, they appear in all capitals, as shown here.
[bookmark: _Toc108542770]Wi-Fi calling Architecture	Comment by di zhang: The CR ‘TS.63 v02 CR1002 V03 Wi-Fi calling Architecture proposal’ was approved at UEWIFI#03 meeting.
Describe Wi-Fi calling implementation architecture for 5G SA device.



[bookmark: _Ref314050289][bookmark: _Ref314050283]Figure 1:  Wi-Fi calling architecture 
Figure 1 shows the architecture of Wi-Fi calling service. 5G UE can access to 5GC via both 3GPP access and Untrusted Non-3GPP access. As per [1], an untrusted non-3GPP access network shall be connected to the 5G Core Network via a Non-3GPP Inter Working Function (N3IWF). 4G (ePDG) Wi-Fi calling related architecture is included in Figure 1. With this architecture, interworking between 5GC via non-3GPP access (including N3IWF) and E-UTRAN connected to EPC, and interworking between ePDG connected to EPC and 5GS can be achieved.
[bookmark: _Toc108542771]UE types
This document is applicable for both the 5G SA device with VoNR supported and 5G SA device with VoNR not supported. 
[bookmark: _Toc108542772]Wi-Fi calling Settings
This section should profile the settings for Wi-Fi Calling, which include: 
1) Default settings for Wi-Fi Calling function.
2) Enables the user to change the Wi-Fi Calling settings (e.g., to change the Wi-Fi vs. Cellular preferred setting, or to enable/disable Wi-Fi Calling)
3) The relationship between Wi-Fi Calling function and Wi-Fi connection setting (e.g. if disabling Wi-Fi Calling functionality, the Wi-Fi connection setting will not be impacted).
4) Requirements when UE in flight mode
EDITOR NOTE:	How to present this feature to the user are up to the device vendor's decision and not defined in this document.
[bookmark: _Toc108542773]IMS Profile for Voice, Video and SMS over Wi-Fi
The devices shall support the profiles defined in GSMA PRD IR IR.51 and NG.115.
[bookmark: _Toc108542774]Common functionalities
[bookmark: _Toc447794467][bookmark: _Toc447704925][bookmark: _Toc520456787][bookmark: _Toc531699253][bookmark: _Toc108542775]Support of PDN Connections
The device shall support PDN connections, ePDG selection and P-CSCF discovery, as defined in GSMA PRD IR.51 clauses 4.7 and 4.9 respectively.
The device shall support multiple PDN connections, as defined in GSMA PRD IR.51 clause 4.5.
The device shall support Multi Access PDN Connectivity (MAPCON), as defined in GSMA PRD IR.61 clause 6.5. 
The device shall support UE initiated disconnect defined in GSMA PRD IR.51 clause 4.7.5 and Network initiated disconnect defined in GSMA PRD IR.51 clause 4.7.6.
NOTE:	Above requirements also apply to video over Wi-Fi.
[bookmark: _Toc108542776]Support of PDU Sessions
The device shall support PDU connections, N3IWF / ePDG selection and P-CSCF discovery, as defined in GSMA PRD NG.115 clauses 4.6, 4.2 and 4.9 respectively.
The device shall support multiple PDU Sessions defined in GSMA PRD NG.115 clause 4.4.
The device should support MA (Multi-Access) PDU connectivity service defined in GSMA PRD NG.115 clause 4.11.
Multi-Access PDU connectivity service is optional for the device and is based on user subscription and operator’s policy. 
If network support it, the device shall provide (un)availability information on an access as described in 3GPP TS 23.501 [X] and TS 23.502 [x]. The device should support MA PDU connectivity procedures as decribed in 3GPP TS 24.193 clause 4.7 and 5.3 3GPP TS 24.193.
The device shall support UE initiated deregistration defined in GSMA PRD NG.115 clause 4.6.5 and Network initiated deregistration defined in GSMA PRD NG.115 4.6.6.
NOTE:	Above requirements also apply to video over Wi-Fi.
[bookmark: _Toc108542777]Emergency service(void)
EDITOR NOTE:	After latest GSMA PRD NG119 is published, this section should be changed accordingly.
[bookmark: _Toc108542778]Supplementary Services
The device shall support MMTEL supplementary services defined in GSMA PRD NG.114 clause 2.3 and GSMA PRD IR.92 clause 2.3.
The device should support eXtensible Markup Language (XML) Configuration Access Protocol (XCAP) defined in 3GPP TS 24.623.
[bookmark: _Toc108542779]UE Handover Requirements	Comment by di zhang: The CR ‘TS.63 v02 CR1001 v04 Section 7 UE Handover Requirements’ was approved at UEWIFI#04 meeting.
Network implementation examples are as follows,
	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
	√
	√
	
	√
	
	√
	√


Table 1: Networking Types
The network SHOULD provide 3GPP and non-3GPP interworking information to the device and the device SHOULD make the handover strategy accordingly. 
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. 
Details are as below:
	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


Table 2: Interworking handover elements
For network type 1, the device SHALL support IMS PDN connection handover between LTE and Wi-Fi network. In the scenario that the device is camped on NR SA simultaneously during Wi-Fi calling,  when handover condition is met (see section 8), try to handover active Wi-Fi Calling sessions from Wi-Fi to LTE. 
Note: Handover condition and when to perform LTE measurement are up to device implementation.
Use cases 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;
d) UE directly handover VoLTE to VoWi-Fi.
For network type 2, the device SHALL support IMS PDN connection handover between LTE and Wi-Fi network, as well as IMS PDU session handover between NR SA with Wi-Fi. In the scenario that VoNR is not supported by the network, if the UE is indicated to EPS fallback to VoLTE when handover from Wi-Fi to NR SA during an on-going call, the UE SHALL immediately EPS fallback to VoLTE.
For network type 3, the device SHALL support VoNR and IMS PDN connection handover between LTE and Wi-Fi network, as well as IMS PDU session handover between NR SA with Wi-Fi. 
For network type 4, the device SHALL support VoNR and IMS PDU session handover between NR SA and  Wi-Fi network. In the scenario that the device is camped on NR SA simultaneously during Wi-Fi calling, when handover condition is met but NR SA signal is poor, the device SHOULD initiate a new IMS PDN connection on LTE.
For network type 5, the device SHALL support VoNR and IMS PDN connection handover between LTE and Wi-Fi network, as well as IMS PDU session handover between NR SA with Wi-Fi.Descibe the minimal UE requirements under different network implementation accordingly.
Non-exhaustive network implementation is as follows,
	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
	√
	√
	
	√
	
	√
	√




UE handover policy
Measurements Parameters/for Handover trigger
<Sample text: Lorem ipsum dolor sit amet, consectetur adipisicing elit, sed do eiusmod tempor incididunt ut labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure dolor in reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat non proident, sunt in culpa qui officia deserunt mollit anim id est laborum.>
<Describe parameters that UE can use for handover strategies under Wi-Fi preferred or cellular preferred, e.g. handover threshold/ ping-pong timer / SINR, etc>
[bookmark: _Toc108542781]Handover Scenarios
Handover between cellular and Wi-Fi during on-going call
<Descibe UE handover policy between VoLTE and/or VoNR  with VoWi-Fi.>
Handover between cellular and Wi-Fi when there is no call
<Descibe UE handover policy between LTE and/or NR SA with Wi-Fi.>
Optimazation of Handover Procedures
<Descibe optimized methods to improve the handover performance during above handover scenarios.>


[bookmark: _Toc327548010][bookmark: _Toc327548210][bookmark: _Ref329687081][bookmark: _Toc108542785][bookmark: _Toc268093867]Annex Style
[bookmark: _Toc327548011][bookmark: _Toc327548211][bookmark: _Toc333330462]Annex-heading 1 Style
<Sample text: Lorem ipsum dolor sit amet, consectetur adipisicing elit, sed do eiusmod tempor incididunt ut labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure dolor in reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat non proident, sunt in culpa qui officia deserunt mollit anim id est laborum.>
[bookmark: _Toc327548012][bookmark: _Toc327548212][bookmark: _Toc108542787]Annex-heading 2 Style
<Sample text: Lorem ipsum dolor sit amet, consectetur adipisicing elit, sed do eiusmod tempor incididunt ut labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure dolor in reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat non proident, sunt in culpa qui officia deserunt mollit anim id est laborum.>
Annex-heading 3 Style
<Sample text: Lorem ipsum dolor sit amet, consectetur adipisicing elit, sed do eiusmod tempor incididunt ut labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure dolor in reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat non proident, sunt in culpa qui officia deserunt mollit anim id est laborum.>
Annex-heading 4 style
<Sample text: Lorem ipsum dolor sit amet, consectetur adipisicing elit, sed do eiusmod tempor incididunt ut labore et dolore magna aliqua.>
Annex-heading 5 style
<Sample text: Lorem ipsum dolor sit amet, consectetur adipisicing elit, sed do eiusmod tempor incididunt ut labore et dolore magna aliqua.>
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