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1. Introduction
To support various access network connectivity scenarios for emergency service with 5GS, "fallback" requirement is defined. 

This paper intends to summarize the requirement and clarify the impact on relevant CT1 specs. 

2. Reason for Change

2.1. Fallback requirement review

TS23.167 defines the domain selection requirement and TS24.229 UE follows the requirement. 
The "domain" is either PS(IMS) or CS.

Now, we have two PS domains with 5GS i.e., EPS and 5GS. Furthermore, combined with access network choice, the UE will have more connectivity options than what has been defined in TS23.167 i.e., either PS or CS.

The option other than "domain selection" is following choices, for the PS domain, 

· Via NR connected to 5GC

· Via E-UTRA connected to 5GC

· Via E-UTRA connected to EPC

Another aspect to this is that emergency service domain selection has been very simple that if 1st attempt is PS then 2nd attempt is CS and vice versa. But now the UE does not attempt CS emergency call after knowing that via current cell the UE can not make PS emergency call if both UE and Network support the capability of emergency service fallback.

TS23.502

----------------

4.13.4
Emergency services

4.13.4.1
General

If the 5GS supports emergency services, the support is indicated to UE via the Registration Accept message on per-TA and per-RAT basis, as described in TS 23.501 [2].

If the 5GC has indicated emergency services support using fallback for the TA and RAT where the UE is currently camping, and if the UE that supports emergency services fallback, the UE shall initiate the Emergency services fallback procedure described in clause 4.13.5.x2.
In other cases, the UE shall follow the domain selection rules for emergency session attempts as described in TS 23.167 [28].

----------------

Observation1: Emergency service fallback is a conditional requirement i.e., if the UE and NW support the emergency service fallback indication.

2.2. "fallback" impact analysis (How to implement the indication)
The emergency PDU session support indicator needs some investigation. 

#EPS and 5GS requirement comparison in regard to network feature indication for emergency service support in yellow
The current requirement for the MME in TS23.401 is following.

--------------

To provide emergency bearer services, the MME is configured with MME Emergency Configuration Data that are applied to all emergency bearer services that are established by an MME on UE request. The MME Emergency Configuration Data contain the Emergency APN which is used to derive a PDN GW, or the MME Emergency Configuration Data may also contain the statically configured PDN GW for the Emergency APN

--------------

And the information element for this is as follows.

[Snip] Table 9.9.3.12A.1: EPS network feature support information element

	Emergency bearer services indicator (EMC BS) (octet 3, bit 2)

	

	Bit

	2
	
	
	
	

	0
	
	
	
	emergency bearer services in S1 mode not supported

	1
	
	
	
	emergency bearer services in S1 mode supported

	


Now the new requirement for the AMF in TS23.501 is as follows.

--------------

To provide emergency services, the AMF is configured with Emergency Configuration Data that are applied to emergency services that are established by an AMF based on request from the UE. The AMF Emergency Configuration Data contains the Emergency DNN which is used to derive an SMF. In addition, the AMF Emergency Configuration Data may contain the statically configured SMF for the Emergency DNN. The SMF may also store Emergency Configuration Data that contains statically configured UPF information for the Emergency DNN.

[…]
The Emergency Services Support is configured in the AMF according to local regulations and network capabilities. AMF includes Emergency Services Support indicator in the Registration Area Accept message to indicate whether the UE can setup emergency PDU session or UE should perform Service Request as defined in clause 5.16.4.11.
--------------

The indication for emergency service support needs to be updated by taking new fallback indication into account.

A thought is either 

· Way forward1: we define EMS indication for 5GS so that it serves the both purpose of indication of emergency PDU session support and fallback; or 

· Way forward2: we define EMS indication for 5GS just like EPS(EMC_BS) to indicate the emergency PDU session support and define a new dedicated indication for fallback. 

With following reasons, way forward 2 is better; 

· Simply don’t need the fallback indication case

· Supporting fallback capability is not mandatory for both NW and UE. Taking into the consideration that current implementation does not rely on such indication, for such deployment that does not implement fallback feature, there is no reason of making any change to current way of information element definition i.e., indication of emergency PDU session support. 

· EMC BS and this fallback indication is on different level of granularity
· The fallback indication is per current registration area per RAT, but for EMC BC, there is no such requirement of being per current registration per RAT. Seems not fit together. 

Observation2: We need a new dedicated indication for fallback. 

2.3. Relation between IMS VoPS fallback and EMS fallback and domain selection issues
According to current TS23.501, same concept (NW can indicate the NW feature support information set to Y even if the NW feature is not supported at current camping cell) is applied for IMS voice call and IMS emergency call. 

Same concept but a bit of differences at UE side as follows. 

	Requirement
	NW
	HOW to notify the UE about the fallback
	UE

	IMS VoPS fallback
	TS23.501subclause 5.16.3.2 IMS voice over PS Session Supported Indication over 3GPP access
	NW can indicate IMS VoPS =Y even if IMS voice is not supported at current camping cell
	n/a
	UE does not know whether or not fallback feature is applied in the indication

	EMS fallback
	TS23.501subclause 5.16.4 Emergency services
	NW can indicate EMS=Y even if IMS emergency call is not supported at current camping cell
	Fallback indication
	UE knows whether or not fallback feature is applied in the indication


In fact, this differences at UE side seems to create some complication in regard to the domain selection because the UE's domain selection depends on those NW feature support information defined in TS23.167 Table H.1. 

For EMS fallback case, UE knows whether or not via current camping cell the emergency PDU session is supported, but for IMS VoPS fallback case, UE DOES NOT know whether or not via current camping cell the IMS voice is supported. 

As a consequence, UE may select unappropriated domain for the IMS emergency call. 

Issue Description

NOTE: Following is all for the case where the UE is not CS attached but PS attached and attempting a voice emergency call (i.e., media other than voice is excluded from analysis)

If NW indicates the NW feature support information set to Y even if the NW feature is not supported at current camping cell, we see some complication. 

(Issue #1)

Let's consider following situation.

NOTE: "Fallback site", in following analysis, can be E-UTRA connected to EPC or E-UTRA connected to 5GC. 

	
	IMS_VoPS
	EMS

	
	Current Cell 
	Fallback site
	Current Cell 
	Fallback site

	J
	N
	Y
	Y
	N


Scenarios summary: For scenario J, at fallback site, the IMS voice is supported but EMS is not supported. 

With this scenario, NW may indicate the NW feature support as follow. 

IMS VoPS=Y

EMS=Y

EMS fallback N
NOTE: "Y" means there is fallback site available, and "N" means there is no fallback site available.

Just looking at this combination of NW feature support information, choosing PS domain is appropriate and even choosing PS domain is aligned with SA2 requirement as follows.  

 [snip] TS23.167 Table H.1: Domain Selection Rules for emergency session attempts for UTRAN, E-UTRAN or NG-RAN radio access networks

	
	CS Attached
	PS Attached
	VoIMS
	EMS
	First EMC Attempt 
	Second EMC Attempt

	A
	N
	Y
	Y 
	Y
	PS
	CS if available and supported


HOWEVER, if the UE selects the PS domain, following issue may exist. 

Since the UE selects the PS domain and the EMS is supported natively at current camping cell, the UE sends PDU session establishment for emergency call. 

The safeguard for this concept of NW indicating NW feature is supported even if via current camping cell it is not supported is the NG-RAN capability of performing the handover as defined in subclause 5.16.3.

In scenario J, 

· the NW indicates that EMS fallback is N, so that NW is not sure whether or not NG-RAN is able to perform handover for IMS emergency call; 

· the handover is supposed to be applied for IMS voice, not to IMS emergency call. In another word, the NW is making sure the safeguard only for IMS voice as indicated with IMS VoPS, so the PDU session establishment for emergency may not be secured; and
· Even if the handover becomes possible (somehow based on TS23.501 subclause 5.16.3.2), the EMS is not supported at fallback site.
In any case, for scenario J, selecting PS domain because both IMS VoPS and EMS is indicated as supported is a problem. 

(Issue #2)

Let's consider following situation.

NOTE: "Fallback site", in following analysis, can be E-UTRA connected to EPC or E-UTRA connected to 5GC. 

	
	IMS_VoPS
	EMS

	
	Current Cell 
	Fallback site
	Current Cell 
	Fallback site

	G
	Y
	N
	N
	Y


Scenarios summary: For scenario G, at fallback site, the IMS voice is not supported but EMS is supported. 

With this scenario, NW indicates the NW feature support as follow. 

IMS VoPS=Y

EMS=N

EMS fallback Y
According to updated TS23.167 Table H.1 Row C, with this combination of NW feature support information, UE may choose PS domain(?). 

 [snip] TS23.167 Table H.1: Domain Selection Rules for emergency session attempts for UTRAN, E-UTRAN or NG-RAN radio access networks

	
	CS Attached
	PS Attached
	VoIMS
	EMS
	First EMC Attempt 
	Second EMC Attempt

	C
	N
	Y
	Y or N
	N
	CS or PS for another 3GPP RAT with EMS set to "Y" if available and supported and if the emergency session includes at least voice.

PS for another 3GPP RAT with EMS set to "Y" if available and supported if the emergency session contains only media other than voice.
	PS if first attempt in CS

CS if first attempt in PS


HOWEVER, if the UE selects the PS domain, following issue may exist. 

Since the UE selects the PS domain and the EMS is not supported natively at current camping cell but supported at fallback site, the UE sends SR for emergency call, and the NG-RAN triggers the handover.  

In scenario G, at fallback site, the IMS voice is not supported, so triggering the handover is a problem. 

Resolution

To summarize the issue pattern, 

	
	IMS_VoPS
	EMS

	
	Current Cell 
	Fallback site
	Current Cell 
	Fallback site

	G
	Y
	N
	N
	Y

	J
	N
	Y
	Y
	N


In case the 

· either IMV voice fallback or EMS fallback is applied; 

· the NW feature (IMS VoPS and EMS) is not supported for voice emergency call at fallback site; and

· the NW applies either TS23.501subclause 5.16.3.2 or TS23.501subclause 5.16.4 to indicate that corresponding NW feature is supported even if via current camping cell does not support those NW features, 
the problem exist. 
Hence, the resolution is 

· When the NW indicates the EMS fallback, then NW must make sure that IMS voice is also supported at fallback site; and
· When the NW indicates the IMS VoPS, the NW shall indicate the NW feature support information that network natively support (i.e., at current camping cell) if EMS fallback is N. 
Observation3: Some SA2 requirement update is needed for the feature NW indicating the EMS fallback and IMS VoPS.  
2.4. When does AMF indicate the EMS fallback?

The requirement is defined in TS23.501 subclause 5.16.4.1. 

The question is does the AMF indicate the fallback information even if UE can make IMS emergency call at current camping cell? 

It seems obvious that if the emergency PDU session is supported natively at current camping cell, fallback indication does not need to be indicated.

Considering following situation, 

	
	IMS_VoPS
	EMS

	
	Current Cell 
	Fallback site
	Current Cell 
	Fallback site

	I
	N
	Y
	Y
	Y


Let's say that AMF DOES NOT indicate the fallback information to the UE if current camping cell support EMS, then we may see following complication. 

If the AMF indicates the IMS VoPS=N, then there is no issue as the UE sees following NW feature support information combination, and selects the CS domain for voice emergency call as in TS23.167 Table H.1 row B. 

Hence, there is no issue with scenario I in this case.

IMS VoPS=N

EMS=Y

Fallback n/a
[snip] TS23.167 Table H.1: Domain Selection Rules for emergency session attempts for UTRAN, E-UTRAN or NG-RAN radio access networks

	
	CS Attached
	PS Attached
	VoIMS
	EMS
	First EMC Attempt 
	Second EMC Attempt

	B
	N
	Y
	N
	Y
	PS or CS if the emergency session includes at least voice.

PS if the emergency session contains only media other than voice.
	PS if first attempt in CS

CS if first attempt in PS


Issue Description

HOWEVER, if the AMF indicates the IMS VoPS=Y according to TS23.501 subclause 5.16.3.2, then the UE sees following NW feature support information and the UE selects PS domain as in TS23.167 Table H.1 row A. 

IMS VoPS=Y

EMS=Y

Fallback n/a
[snip] TS23.167 Table H.1: Domain Selection Rules for emergency session attempts for UTRAN, E-UTRAN or NG-RAN radio access networks

	
	CS Attached
	PS Attached
	VoIMS
	EMS
	First EMC Attempt 
	Second EMC Attempt

	A
	N
	Y
	Y 
	Y
	PS
	CS if available and supported


Since the UE selects the PS domain for voice emergency call, the UE performs the PDU session establishment, but the IMS VoPS is not supported natively at current camping cell. 

So, the expected UE behaviour in this case is that UE send SR for emergency call and NG-RAN triggers the handover. 

Resolution

To enable this handover, NW needs to indicate the EMC fallback to the UE. 

Observation4: NW should indicate fallback indication even if current cell support EMS to aid UE's domain selection. 

2.5. Does upper layer needs the EMS fallback information? 
Domain selection is done by upper layer. 

In EPS, IMS VoPS and EMC BS are provided to upper layer and upper layers takes those information into account for domain selection following TS23.167 requirement. 
In 5GS, the TS23.167 domain selection requirement is updated to consider such situation that via current camping cell, the UE can not make PS emergency call, but if the UE knows that via the particular cell with different RAT the UE can make PS emergency call, then UE uses the domain for emergency call. This is enabled by emergency service fallback. 

The question is does upper layer requires the EMS fallback information? 

As described in analysis 2.4, the EMS fallback information is essential for domain selection. 

Also, TS23.167 domain selection is now based on the assumption that fallback information e.g., availability of EMS at different RAT is provided. 

Hence, 
Observation5: It is still the upper layer that makes the decision of the domain selection. For this, not only existing information such as IMS VoPS and emergency PDU session support but also the emergency service fallback information needs to be provided to upper layer. 
4. Proposal

With this analysis, following observations are identified

Observation1: Emergency service fallback is a conditional requirement i.e., if the UE and NW support the emergency service fallback indication.
Observation2: We need a new dedicated indication for fallback.
Observation3: Some SA2 requirement update is needed for the feature NW indicating the EMS fallback and IMS VoPS.  
Observation4: NW should indicate fallback indication even if current cell support EMS to aid UE's domain selection.
Observation5: It is still the upper layer that makes the decision of the domain selection. For this, not only existing information such as IMS VoPS and emergency PDU session support but also the emergency service fallback information needs to be provided to upper layer. 
Based on those observations, following proposals out of this paper.

Proposal1: In regard to Observation3, via someone or LS, notify SA2 about the necessity of requirement clarification investigation. 

Proposal2: The change for Observation2 and 5 is proposed in C1-180252. 
Proposal3: Discuss and agree on Observation4. With the consensus, future CRs may be provided to next meeting.

Appendix

Appendix A

With above clarification, following will be the pattern of domain selection for the UE, not CS attached but PS attached, attempting voice emergency call when the UE receives the NW feature support IE in case NW and UE support the fallback feature.

NOTE: As in observation4, pattern 6 does not align with current TS23.167 Table H.1. 

Table A: domain selection pattern corresponds to NW feature support information
	Pattern
	IMS VoPS
	EMS
	EMS fallback
	Domain selection
	Scenario 

(Indicating the pattern analysis tag in Appendix)

	1
	Y
	Y
	Y
	PS without fallback
	Both current registration area and fallback site support IMS VoPS and NW support EMS natively and fallback site also support EMS (A)
Current registration area support IMS VoPS but fallback site does not support IMS VoPS and NW support EMS natively and fallback site also support EMS (E)
Current registration area does not support IMS VoPS but IMS voice fall back is available and current registration area support EMS and emergency call fall back is available (I; In case of NW supporting TS23.501 subclause 5.16.3.2)

	2
	Y
	N
	Y
	PS with fallback
	Both current registration area and fallback site support IMS VoPS and NW does not natively support EMS, but is supported at fallback site (C)
Current registration area does not support IMS VoPS but fall back site support IMS VoPS and NW does not natively support EMS, but is supported at fall back site (K)

	3
	Y
	N
	N
	CS
	Both current registration area and fallback site support IMS VoPS but neither of current registration area nor fallback site support EMS (D)
Current registration area support IMS VoPS but fallback site does not support IMS VoPS and neither of current registration area nor fallback site support EMS (H)
Current registration area support IMS VoPS but fallback site does not support IMS VoPS and NW does not natively support EMS, but is supported at fallback site (G)
Current registration area does not support IMS VoPS but fall back site support IMS VoPS and neither of current registration area nor fallback site support EMS (L)

	4
	N
	Y
	Y
	CS
	Current registration area does not support IMS VoPS but IMS voice fall back is available and current registration area support EMS and emergency call fall back is available (I)
Current registration area does not support IMS VoPS but IMS voice fall back is available and current registration area support EMS and emergency call fall back is NOT available (J)
Neither of current registration area nor fallback site support IMS VoPS but current registration area support EMS and emergency call fall back is available (M)
Neither of current registration area nor fallback site support IMS VoPS but current registration area support EMS and emergency call fall back is NOT available (N)

	5
	N
	N
	N
	CS
	Neither of current registration area nor fallback site support IMS VoPS and neither of current registration area nor fallbacksite support EMS (P)

	6
	Y
	Y
	N
	PS without fallback

	Both current registration area and fallback site support IMS VoPS and NW support EMS natively and fallback site does not support EMS (B)
Current registration area support IMS VoPS natively but fallback site does not support IMS VoPS and NW support EMS natively and fallback site does not support EMS (F)

	7
	N
	N
	Y
	CS? TS23.167 Table H.1 row C says it could be PS
	Neither of current registration area nor fall back site support IMS VoPS and  current registration area does not support EMS but fallback site support EMS (O)


Appendix B
Following shows, in the view of core network, the scenario analysis of IMS VoPS and emergency service support in relation to current cell and fallback site. 

NOTE: EMS(Emergency service support) is EMC BS if the cell is for E-UTRA connected to EPC and is emergency PDU session support if the cell is either E-UTRA connected to 5GC or NR connected to 5GC. 

Table B: domain selection pattern corresponds to NW feature support information
	
	IMS_VoPS
	EMS
	Domain

	
	Current Cell 
	Fallback site
	Current Cell 
	Fallback site
	

	A
	Y
	Y
	Y
	Y
	PS without fallback

	B
	Y
	Y
	Y
	N
	PS without fallback

	C
	Y
	Y
	N
	Y
	PS with fallback

	D
	Y
	Y
	N
	N
	CS

	E
	Y
	N
	Y
	Y
	PS without fallback

	F
	Y
	N
	Y
	N
	PS without fallback

	G
	Y
	N
	N
	Y
	CS

	H
	Y
	N
	N
	N
	CS

	I
	N
	Y
	Y
	Y
	PS with fallback or CS

	J
	N
	Y
	Y
	N
	CS

	K
	N
	Y
	N
	Y
	PS with fallback

	L
	N
	Y
	N
	N
	CS

	M
	N
	N
	Y
	Y
	CS

	N
	N
	N
	Y
	N
	CS

	O
	N
	N
	N
	Y
	CS? SA2 says PS; row c in TS23.167 Table H.1

	P
	N
	N
	N
	N
	CS


