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1
Background
During introduction of Solution #1: SRVCC based eCSFB Solution in Section 5.1 of TR 23.772, some companies had questions on whether this solution is backward compatible to pre-Rel-13 implementations. This contribution tries to clarify the UE aspects of SRVCC based CSFB.
2
SRVCC based CSFB and current UE behaviour

In this section we discuss step by step the UE behaviour and link to the specifications in each part. Note that when referring to “the UE” we assume a CSFB and SRVCC capable UE.
2.1
Stage 2 AnalysisGiven that Solution #1: SRVCC based eCSFB is being evaluated in SA2 as part of eCSFB WI, it is important to evaluate first and foremost whether there are impacts to the Stage 2 specifications from the UE side, or could this particular solution be introduced in Stage 2 specifications by only modifying the network behaviour. 

TS 23.272 describes the initiation of CSFB procedure and TS 23.216 describes the UE SRVCC procedures. We will follow the UE behaviour as described in those specifications. 
As specified in TS 23.272 Sections 6 (mobile originated) and 7 (mobile terminated), when the UE sends Extended Service Request, it can expect a variety of ways to be moved by the network to GERAN/UTRAN, e.g. via PS handover, RRC release (with redirection), Cell Change Order to GERAN, and shall be able to follow the indications from the network. In particular, the UE will follow a handover a command due to SRVCC.
Observation 2.1.1: When the UE initiates Extended Service Request from E-UTRAN, the UE follows the commands from the network. In particular, the UE will follow the handover command due to SRVCC.

The SRVCC procedures are described in the following sections:
· 6.2.2.1: SRVCC from E-UTRAN to GERAN without DTM support: From Step 15 applies to Solution#1.

· 6.2.2.2: SRVCC from E-UTRAN to UTRAN with PS HO or GERAN with DTM HO support: From Step 14 applies to Solution #2.

In both cases, the only UE behaviour described is the following the handover command (and in case of non DTM GERAN the initiating the suspend procedure). There’s also an optional TMSI reallocation initiated by MSC, which would not require any UE modifications.

Observation 2.1.2: The UE aspects of description of SRVCC procedure described in TS 23.216 can be reused for SRVCC based eCSFB. 
2.2
Stage 3 Analysis
In this section we analyse all sub-layers involved in the process of initiating CSFB procedure and the UE behaviour to the signalling from the network as described in Solution #1: SRVCC based eCSFB Solution in Section 5.1 of TR 23.772. 

EMM sublayer

For both Mobile Originated and Mobile Terminated CSFB, the NAS EMM sublayer is triggered (by MM or CS paging) to initiate Extended Service Request. When initiating Extended Service Request, the NAS EMM sublayer only expects an indication from AS about system change, as defined in Section 5.6.1 of 24.301:
“The UE shall invoke the service request procedure when:

…
d)
the UE in EMM-IDLE or EMM-CONNECTED mode is configured to use CS fallback and has a mobile originating CS fallback request from the upper layer;

e)
the UE in EMM-IDLE mode is configured to use CS fallback and receives a paging request with CN domain indicator set to "CS", or the UE in EMM-CONNECTED mode is configured to use CS fallback and receives a CS SERVICE NOTIFICATION message;”
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Observation 2.2.1: There are no impacts to EMM sublayer for SRVCC based CSFB.

Access Stratum

The NAS Extended Service Request will be sent as currently defined. 

The next action towards the UE (apart from establishing bearers and possible measurement report requests, which do not differ from current possible actions), according to the call flow defined for Solution #1 is a handover command.

The UE actions when receiving the handover command are not dependent on which type of bearers exist or whether extended service request was sent, as specified in TS 36.331 Section 5.3.5.4 Reception of an RRCConnectionReconfiguration including the mobilityControlInfo by the UE (handover). The UE follows the instructions received by the eNB. Therefore, from current specifications, the UE AS will just follow the handover procedure. 
Observation 2.2.2: There are no UE access stratum impacts for SRVCC based CSFB

MM sublayer

When the MM sublayer receives an indication that SRVCC handover was performed, the MM sublayer enters the active state, and indicates to the call control that an MM connection establishment due SRVCC was performed, as described in TS 24.008 section 4.5.1.8:

“4.5.1.8
MM connection establishment due to SRVCC or vSRVCC handover
An MM connection can be established locally in the MS due to an SRVCC or vSRVCC handover (see 3GPP TS 23.216 [126]), i.e. without dedicated MM signalling. …
An MS in MM state MM IDLE shall establish the MM connection locally when it receives an indication from lower layers that either a voice only SRVCC handover or a voice and video SRVCC handover was completed successfully.

After completing MM connection establishment, the MM layer shall indicate "MM connection establishment due to SRVCC handover" or "MM connection establishment due to vSRVCC handover" to the upper layer and shall enter state MM CONNECTION ACTIVE.”

Observation 2.2.3: There is no impact to UE MM sublayer for SRVCC based CSFB. 

Call Control (CC)

Section 5.2.4.2 of TS 24.008 describes the call activation for SRVCC:
“5.2.4.2
Call activation for SRVCC

If the MS

-
supports SRVCC and the MS has a voice media stream previously carried over the PS domain that is handed over to the CS domain via SRVCC; or

-
supports SRVCC or vSRVCC and the MS has a voice media stream and a video media stream of a single session previously in S1 mode carried over the PS domain and only the voice media stream is handed over to the CS domain via SRVCC
and the session is in the "confirmed" state (defined in IETF RFC 3261 [137]), and the call control entity in "null" state receives indication "MM connection establishment due to SRVCC handover", the call control entity of the MS shall enter the "active" state and indicate the call establishment to upper layers. The MS and the network shall locally set the TI value of the call to "000" and the TI flag value as in mobile terminated call. If a single voice media stream is handed over and the session is on hold, the setting of the auxiliary state (as defined in 3GPP TS 24.083 [27]) is described in 3GPP TS 24.237 [136].

If the MS supports single radio PS to CS access transfer for calls in alerting state as specified in 3GPP TS 24.237 [136] subclause 12.2.3B, and the MS has a single voice media stream over the PS domain that is handed over to the CS domain via SRVCC and the call control entity in "null" state receives an indication "MM connection establishment due to SRVCC handover" then:
-
the call control entity shall indicate to the upper layers that call establishment is due to SRVCC handover;

-
if the upper layers indicate that the media stream(s) is/are associated with a mobile originated session in the "early" state (defined in IETF RFC 3261 [137]) according to the conditions specified in 3GPP TS 24.237 [136] subclause 12.2.3B.3.2, the call control entity of the MS shall enter the "call delivered" state for this transaction. The MS and the network shall locally set the TI value of the call to "000" and the TI flag value as in mobile originated call; and
-
if the upper layers indicate that the media stream(s) is/are associated with a mobile terminating session in the "early" state (defined in IETF RFC 3261 [137]) according to the conditions specified in 3GPP TS 24.237 [136] subclause 12.2.3B.3.1, the call control entity of the MS shall enter the "call received" state for this transaction. The MS and the network shall locally set the TI value of the call to "000" and the TI flag value as in mobile terminated call.
If the MS has additional voice media streams carried over the PS domain that are handed over to the CS domain via SRVCC, the state for the transactions and the setting of the TI value and TI flag for these additional media streams is described in 3GPP TS 24.237 [136].

If the MS supports multicall, the MS shall locally set SI value to "1" and the MS shall assume that the network does not support multicall. The network shall also locally set SI value to "1".”

The red text above has been brought up in discussions, hinting that this text may mean that there are UE impacts. 

However, there are two important points to consider:

1. The UE behavior described in Section 5.2.4.2 of TS 24.008 is a “positive” requirement, meaning that it only describes the UE behavior when some conditions are met, but does not indicate any UE behavior when the conditions are not met. 

More precisely, there’s no actual text if the condition “MS has a voice media stream previously carried over the PS domain that is handed over to the CS domain” is NOT met. This is not treated as an error case. Therefore, a UE implementation could follow the instructions that follow the condition without actually checking whether there is an ongoing voice media stream. There are no error test cases considered RAN5 either. In fact, the most likely implementation is to follow through with SRVCC procedure even when the condition in red above is not met due to point 2 below.
2. A UE implementation may not have the information “MS has a voice media stream previously carried over the PS domain that is handed over to the CS domain” if the IMS layer is provided by a third party. Therefore, any UE implementation should consider the case where this information is not available to the CC. In that case, the most natural behavior is to assume the MM connection due to SRVCC was performed for a reason and follow with instructions described in section 5.2.4.2, even if the condition above in red is not met or not available. 
Qualcomm can confirm that their implementations would not treat the case of not meeting “MS has a voice media stream previously carried over the PS domain that is handed over to the CS domain” as an error case and would behave as assumed by the SRVCC based CSFB solution.
Observation 2.2.4: Although not clearly specified, the most natural behavior of the Call Control entity is to follow through with the instructions intended for SRVCC, even when no voice media stream was handed over from PS domain to CS domain. 
3
Conclusions

Conclusion 1: No Stage 2 specification on the UE aspects would affected by introducing SRVCC based eCSFB.

Conclusion 2: From Stage 3 perspective, EMM/MM and AS in the UE would not be affected by introducing SRVCC based eCSFB. The CC entity is underspecified for the case where SRVCC is performed and no voice call is ongoing. However, the most natural behavior of the Call Control entity is to follow through with the instructions intended for SRVCC, even when no voice media stream was handed over from PS domain to CS domain.
4.
Proposed text to TR 23.216

5.1.2
Impacts on existing nodes and functionality

Editor's Note:
Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW etc.).

UE impacts:

-
The UE behavior defined in procedures of TS 23.272 and TS 23.216 referenced in this solution can be followed without modification to introduce SRVCC based eCSFB. No impacts to the UE behavior are expected in these specifications for these procedures.
Editor’s Note: Impact on the UE behavior in SRVCC/CSFB handover failure cases is FFS.
-
The IMS layer SRVCC related UE behavior defined in corresponding procedures of TS 23.216, TS 23.237 and TS 23.292 is impacted due to removal of the IMS voice session as a precondition for SRVCC.
-
No impacts to EMM/MM and AS layer UE behaviour are expected for this solution. 
Editor’s Note: Further check with RAN2 and CT1 may be needed in order to confirm this bullet
-
The Call Control entity UE behavior required for this solution is not specified in the related stage-2 and stage-3 specifications. 
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