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1
INTRODUCTION
This paper analyses the proposal outlined in discussion paper C1-104520 when the UE is on a IMS VoIP call and hands over to a TA where the "IMS VoPS" indicator is set to "not supported" and whether the NAS actions should be deferred in favour of keeping the ongoing IMS call if the resources can be maintained after handover. This paper offers a compromise to the proposal specified in C1-111483.

2
RECOMMENDATIONS FOR DETERMINING THE NEIGHBOUR CELL LIST

TS 23.216 is a specification on SRVCC, and SRVCC can only be used when the UE and the network support SRVCC. As stated in TS 36.413 section 9.2.1.58 (see Annex A), the "SRVCC operation possible" is sent from the MME to the eNB in the INITIAL CONTEXT SETUP REQUEST to indicate that the UE and the MME are SRVCC-capable. 

However, recommendations exist in TS 23.216 to prevent unnecessary handover of a voice call to a TA that does not support IMS voice when SRVCC operation is not possible (i.e. when SRVCC is not used). Unnecessary handover is avoided by following the recommendations in TS 23.216 for the determination of the Neighbour Cell List (NCL).

NOTE: From a data modelling perspective, TS 23.216 refers to the "SRVCC operation possible" as set to TRUE or FALSE. However TS 36.413 documents only one value for "SRVCC operation possible" set to value of "possible". Thus 23.216 "SRVCC operation possible=TRUE" maps to 36.413 "possible" and 23.216 "SRVCC operation possible = FALSE" maps to the IE in 36.413 not being included.

Let's analyse the cases for how the NCL is determined using the recommendations in TS 23.216 (please see Annex B with colour coding that relates to the text below). 
The Neighbour Cell List (NCL) may be dynamically updated based on the recommendations in TS 23.216.
SCENARIO 1: 

Dynamic Updating of NCL  (Case 1)
UE has QCI=1 bearers established and "SRVCC operation possible" indication set to TRUE. If target cell is VoIP incapable; network instructed to perform SRVCC handover.
SCENARIO 2:

Dynamic Updating of NCL (Case 2)
UE has QCI=1 bearers established and "SRVCC operation possible" indication set to FALSE, then VoIP incapable cells are not to be included in the NCL.
If the NCL is not dynamically updated, TS 23.216 contains text that indicates the behaviour when E-UTRAN triggers handover to a VoIP-incapable cell. See Scenario 3 below for more details:

SCENARIO 3: 

NCL not updated dynamically
If E-UTRAN triggers handover to a VoIP-incapable cell when "SRVCC operation possible" indication is FALSE and QCI=1 bearers are established, the establishment of the voice bearers will be rejected by the target access.
PLEASE NOTE: Scenario 2 and Scenario 3 indicate the cases where the UE is on an IMS voice call with QCI=1 bearers established but either the network or the UE or both do not support SRVCC.

CONCLUSION 1:

If following the recommendations for determining the neighbour cell list in TS 23.216, then the use case does not exist where the UE with QCI=1 bearers will be handed over to a target cell which is VoIP-incapable.

CONCLUSION 2:
It can be fair to say that paper C1-104520 (discussed at CT1#68) therefore considers the cases where the recommendations in TS 23.216 are not followed, where a UE with QCI=1 bearers is handed over to a cell that is IMS-VoIP incapable. It is accepted that these are just recommendations and they do not necessarily need to be followed. 
3
ANALYSES OF TEXT IN TS 24.301 WHICH SEEMS TO CAUSES THE ISSUE
Let's first look at the text in question in TS 24.301 that seems to cause an issue (example below if for combined TAU successful, but the same text is present for the case where combined TAU is successful for EPS services only):

5.5.3.3.4.2
Combined tracking area updating successful

…

If the TRACKING AREA UPDATE ACCEPT message includes the Additional update result IE with value "SMS only" or "CS Fallback not preferred", a UE operating in CS/PS mode 1 with "IMS voice not available" shall attempt to select GERAN or UTRAN radio access technology rather than E-UTRAN for the selected PLMN or equivalent PLMN. The UE shall disable the E-UTRA capability (see subclause 4.5). If the UE is in the EMM-CONNECTED mode, the UE shall locally release the established NAS signalling connection and enter the EMM-IDLE mode before selecting GERAN or UTRAN radio access technology.
This above text was added in by CR 0372 (C1-093976) at CT1#60 based upon the decisions in SA2. 
Also section 4.5 states:

When the UE supporting the A/Gb and/or Iu mode together with the S1 mode needs to stay in A/Gb or Iu mode, in order to prevent unwanted handover or cell reselection from UTRAN/GERAN to E-UTRAN, the UE shall disable the E-UTRA capability.
-
The UE shall not set the E-UTRA support bits of the MS Radio Access capability IE (see 3GPP TS 24.008 [13], subclause 10.5.5.12a), the E-UTRA support bits of Mobile Station Classmark 3 IE (see 3GPP TS 24.008 [13], subclause 10.5.1.7) and the ISR support bit of the MS network capability IE (see 3GPP TS 24.008 [13], subclause 10.5.5.12) in the ATTACH REQUEST message and the ROUTING AREA UPDATE REQUEST message after it selects GERAN or UTRAN; and

-
the UE NAS layer shall indicate the access stratum layer(s) of disabling of the E-UTRA capability.

NOTE:
The UE can only disable the E-UTRAN capabilities when in EMM-IDLE mode.
CONCLUSION 3:
When the decision is made by the UE in CS/PS mode 1 with "IMS voice not available" to transition to GERAN/UTRAN for voice services, the UE must transition to EMM-IDLE mode in order to disable the E-UTRA capability (as specified in section 4.5). The "yellow highlighted text" in TS 24.301 indicates that if the UE is in EMM-CONNECTED mode when the decision has been made to transition to GERAN/UTRAN (and the network has not yet released the NAS signalling connection), then the UE will locally release the NAS signalling connection and transition to EMM-IDLE.
Stage 2 in TS 23.221 states the following in Section 7.2a: 

-
A UE set to "Voice centric" shall always try to ensure that Voice service is possible. A CSFB and an IMS/CS-voice capable UE set to "Voice centric" unable to obtain voice service in E-UTRAN (e.g. CSFB and IMS voice are not supported or the configured preferences on how to handle voice services prevent usage of any available voice services), shall disable the E-UTRAN capability, which results in re-selecting GERAN or UTRAN. The E-UTRAN capability is re-enabled by the UE under the conditions described in TS 24.301 [34]. A voice centric CSFB capable UE that receives "CSFB Not Preferred" or "SMS-only" indication as a result of combined EPS/IMSI attach or combined TA/LA Update procedures and unable to obtain voice services over IMS shall disable the E-UTRAN capability, which results in re-selecting GERAN or UTRAN.
It could be assumed that the UE performs the NAS action to release the established NAS signalling connection after it has finished processing the acknowledgement from the network to ensure that it disables the E-UTRAN capability and reselects to GERAN or UTRAN. For example, if the UE had initiated the TAU in EMM-CONNECTED mode, then after the UE has finished processing the TAU-accept, it immediately releases the NAS signalling connection. 

However, it is acknowledged that the specifications do not specify the exact point at which the UE ensures that voice service is possible (i.e. the exact point at which the UE in EMM-CONNECTED mode releases the established NAS signalling connection is not specified). In fact the current text in the Stage 2 and Stage 3 specifications do not prevent a UE implementation from implementing the behaviour specified in CR C1-111483. Therefore, it could be questioned whether there is a need to normatively specify these conditions. 

4
ISSUES WITH CR C1-111483

CR C1-111483 attempts to specify normative text for the case that where the UE has QCI=1 bearers established and performs handover to a tracking area where IMS VoIP is not supported (i.e. UE un CS/PS mode 1 and is in EMM-CONNECTED mode and the TAU-accept indicates "IMS voice not available" for a UE in CS/PS mode 1 (see below):
If the TRACKING AREA UPDATE ACCEPT message includes the Additional update result IE with value "SMS only" or "CS Fallback not preferred", a UE operating in CS/PS mode 1 with "IMS voice not available" shall attempt to select GERAN or UTRAN radio access technology rather than E-UTRAN for the selected PLMN or equivalent PLMN. The UE shall disable the E-UTRA capability (see subclause 4.5). If the UE initiated the tracking area updating procedure in EMM-CONNECTED mode and has no EPS bearer contexts with QCI = 1, the UE shall locally release the established NAS signalling connection and enter the EMM-IDLE mode before selecting GERAN or UTRAN radio access technology. If the UE initiated the tracking area updating procedure in EMM-CONNECTED mode and has at least one EPS bearer context with QCI = 1, the UE may stay in EMM-CONNECTED mode until the radio bearers associated with the EPS bearer contexts with QCI = 1 are released after which the UE shall locally release the established NAS signalling connection and enter the EMM-IDLE mode before selecting GERAN or UTRAN radio access technology.
Important points to note:

· As indicated in the previous section, existing TS 24.301 does not prevent the UE from implementing the new normative behaviour stated in the above paragraph.
· The above text covers a corner case where the recommendations in TS 23.216 for determining the Neighbour Cell List have not been followed.

· Though it can be understood that a UE in CS/PS mode 1 wishes to keep the IMS voice service, why should CT1 decide on what the "service" conditions are for when the UE decides to locally release the NAS signalling connection and transition to EMM-IDLE mode. Why just QCI=1? Why only real-time services? Should we be catering also for conversational video? Does this text proposal mean we have to constantly maintain this text?
· As was mentioned at CT1#70, the text above now introduces the case where the UE puts the existing voice call on hold and initiates another voice call. If we do not normatively specify what the behaviour of the UE is in this case, then surely we get into the same issue that C1-111483 is trying to address, i.e. to keep the IMS call ongoing.
5
POSSIBLE COMPROMISE

As the specifications do not state the exact point at which the UE locally releases the established NAS connection and transitions to EMM-IDLE mode, normative text can be added to allow for the use case that was presented in C1-104520, for example:

If the TRACKING AREA UPDATE ACCEPT message includes the Additional update result IE with value "SMS only" or "CS Fallback not preferred", a UE operating in CS/PS mode 1 with "IMS voice not available" shall attempt to select GERAN or UTRAN radio access technology rather than E-UTRAN for the selected PLMN or equivalent PLMN. The UE shall disable the E-UTRA capability (see subclause 4.5). If the UE is in the EMM-CONNECTED mode, the UE shall locally release the established NAS signalling connection and enter the EMM-IDLE mode before selecting GERAN or UTRAN radio access technology. If the UE initiated the tracking area update procedure in EMM-CONNECTED mode, then after the completion of the tracking area update procedure, it is up to UE implementation at which point the UE decides to locally release the established NAS connection and transition to EMM-IDLE mode before selecting GERAN or UTRAN radio access technology.
Another possibility is to send a LS to SA2 to ask their opinion.
6
ACTION FOR CT1

Agree to send a LS to SA2 or use the above text proposal to clarify the case where the UE has initiated the TAU in EMM-CONNECTED mode. CR C1-111713 implements the proposed change above if CT1 agrees that informative text is the best way forward to resolve this issue.
ANNEX A: 
Excerpts from TS 36.413
9.2.1.58
SRVCC Operation Possible

This element indicates that both UE and MME are SRVCC-capable. E-UTRAN behaviour on receipt of this IE is specified in [9].
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	SRVCC operation possible
	M
	
	ENUMERATED (Possible, …) 
	


ANNEX B: 
Excerpts from TS 23.221

5.3.6.2
Interworking with 3GPP UTRAN/GERAN

Between UE and E-UTRAN, no additional functionality is required for the E‑UTRAN as defined in TS 36.300 [16].

When E‑UTRAN selects a target cell for SRVCC handover, it needs to send an indication to MME that this handover procedure requires SRVCC

E-UTRAN may be capable of determining the neighbour cell list based on the "SRVCC operation possible" indication and/or presence of established QCI=1 bearers for a specific UE. An example algorithm is provided in clause A.2.
NOTE:
In case E-UTRAN does not update the neighbour cell list dynamically, if E-UTRAN triggers handover to a VoIP-incapable cell when the "SRVCC operation possible" indication is set to "false" and there are established voice (QCI=1) bearers for a specific UE, the establishment of the voice bearers will be rejected by the target access.
A.2
SRVCC from E-UTRAN to GERAN/UTRAN

E-UTRAN may determine the NCL, as well as the need to signal a SRVCC indication, as follows:

-
If the "SRVCC operation possible" indication is set to "true" (i.e. both EPC and UE are SRVCC capable), then VoIP-incapable cells may be included as candidate target cells in the NCL, regardless of the presence of established QCI=1 bearers for this UE. Moreover:
-
if there is an established QCI=1 bearer for this UE and the selected target cell is VoIP-capable, then E-UTRAN does not include a SRVCC indication in the Handover Required message;

-
if there is an established QCI=1 bearer for this UE and the selected target cell is VoIP-incapable, then E-UTRAN includes a SRVCC indication in the Handover Required message;
-
if there is no established QCI=1 bearer for this UE, then E-UTRAN does not include a SRVCC indication in the Handover Required message;

-
If the "SRVCC operation possible" indication is set to "false" (i.e. either EPC or UE is not SRVCC capable), then E-UTRAN does not include a SRVCC indication in the Handover Required message. Moreover:

-
if there is an established QCI=1 bearer for this UE, then VoIP-incapable cell are not be included in the NCL;
-
if there is no established QCI=1 bearer for this UE, then VoIP-incapable cells may be included in the NCL.

