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1. Introduction

When a UE through MME attempts to get combined registered over SGs it either does so using Attach request (with EPS attach type = combined EPS/IMSI attach) or by using Tracking area update request (with EPS update type = combined TA/LA updating or combined TA/LA updating with IMSI attach). If the UE is accepted in the PS domain, in response it will get an Attach accept or a Tracking area update accept respectively. If however the UE for this combined request is not accepted in the CS domain, this will be indicated by ‘EPS only’ or ‘TA updated’ and an EMM cause IE in the accept message.
2. Background
The behaviour of the UE when receiving an Attach accept or a Tracking area update accept message including the EMM cause IE is described in TS 24.301 for Attach in clause 5.5.1.3.4.3 and 5.5.1.3.6 and for TAU in clause 5.5.3.3.4.3 and 5.5.3.3.6. From those descriptions we can see that the behaviour of a UE (operating in CS/PS mode 2, or CS/PS mode 1 with "IMS voice not available") regarding the CS domain can be sorted into five different cases:
I. This behaviour is triggered in the UE when receiving EMM cause #2 (IMSI unknown in HSS):
The main effect for the UE is that the CS domain will not be available for the UE until major action is performed (refer to cause code #2: “The USIM shall be considered as invalid for non-EPS services until switching off or the UICC containing the USIM is removed.”).

II. This behaviour is triggered in the UE when receiving EMM cause #16 (MSC temporarily not reachable) or #17 (Network failure):
The main effect is that the UE will repeat its attempt to get combined registered over SGs (refer to “When timer T3411 expires the combined tracking area updating procedure indicating "combined TA/LA updating with IMSI attach" is triggered again” and When timer T3402 expires the combined tracking area updating procedure indicating "combined TA/LA updating with IMSI attach" is triggered again;). 

III. This behaviour is triggered in the UE when receiving EMM cause #22 (Congestion):
The main effect is that the UE will repeat its attempt to get combined registered over SGs (refer to “The UE shall start timer T3402, shall set the EPS update status to EU1 UPDATED, shall enter state EMM-REGISTERED.ATTEMPTING-TO-UPDATE-MM, shall enter state MM IDLE”. and on T3402 expiry “Initiation of the attach procedure, if still required or TAU procedure” see 24.301 clause 10.2). 


IV. This behaviour is triggered in the UE when receiving EMM cause #18 (CS domain not available:
The main effect for the UE is that the CS domain will not be available for the UE in current PLMN until major action is performed (refer to cause code #18: “The UE shall not attempt combined attach or combined tracking area updating procedure with current PLMN until switching off the UE or the UICC containing the USIM is removed.”).


V. This behaviour is triggered in the UE when receiving an EMM cause different from #2, #16, #17, #18 and #22 (“abnormal cases”):
The main effect is that the UE will repeat its attempt to get combined registered over SGs (refer to “When timer T3411 expires the combined tracking area updating procedure indicating "combined TA/LA updating with IMSI attach" is triggered again;” and “When timer T3402 expires the combined tracking area updating procedure indicating "combined TA/LA updating with IMSI attach" is triggered again
Note: A UE operating in CS/PS mode 1 of operation with "IMS voice not available" may instead of repeating its combined registration request attempt to select GERAN or UTRAN.
3. Problem description 

In a PLMN where VoLTE isn’t deployed homogenously over the whole network, UEs requiring voice services via LTE (CS/PS mode 1 & 2) will, for the IMS non-covered areas, then have to use CSFB. For areas with IMS coverage having VoLTE users registered in the CS domain is seen by some operators as a waste of network resources. It could even be that CS isn’t deployed in all areas with E-UTRAN coverage.
This means that in non-IMS parts of the PLMN combined registration shall be accepted while in IMS or PS only parts of the PLMN combined registration shall not be accepted. For a UE with the setting of ‘prefer IMS PS Voice with CS Voice as secondary’ TS 23.221 Annex A (Informative) gives two alternatives: Either as in clause A.2.1 the UE first initiates a non-combined registration procedure and only if IMS voice is not supported the UE initiates a combined registration, or as in clause A.2.2 the UE directly initiates a combined registration procedure also in areas where IMS voice is supported. The latter UE behavior has been observed in live networks.
To not waste network resources a UE with setting ‘prefer IMS PS Voice with CS Voice as secondary’ initiating a combined registration in an area with IMS voice support shall be rejected CS registration but at the same time accepted in the PS domain. Also for areas with PS only support shall the UE be rejected CS registration. Rejecting the CS registration part of the combined registration attempt is, as seen from chapter 2 above, done by including an EMM cause IE in the accept message. There are however no suitable cause codes to use in the EMM cause IE:
· Using Cause code #2 will deny the UE access in the complete CS domain. 
· Using Cause code #18 will deny the UE access in current PLMN part of the CS domain 
· Using any other Cause code will make the UE repeat its request. Repeated signalling will cause a considerable load upon network and is therefore not acceptable. Repeated signalling will also shorten the battery life of the UE and make end user experience worse. 
Observation 1: Rejecting only the CS registration will either prevent the UE from accessing the complete PLMN or the whole CS domain, or it will make the UE repeat its request causing a considerable signaling load upon the network and shorten the battery life of the UE.
4. Analysis and Possible Solution 
As we have seen in chapter 2 and 3 above there is a need for the CN to indicate to a UE that CS services are not available in its current location and to get the UE to react properly, i.e. neither to extrapolate the unavailability to the whole PLMN nor to retry its CS registration attempt. Would it then be possible to re-use one of the roaming restriction cause codes (e.g. CC# 12, 13 or 15) and alter the interpretation in new releases of UEs, so that CS service unavailability for those UEs only applies to the current TA? 
UEs receiving any of the cause codes #12, 13 or 15 shall react according to what in 24.301 is described as the reaction for abnormal cases (see also case V, chapter 2 above). So for UEs compliant to the current description it will work fine (according to case V above, resulting in high signaling loads). However this description has changed and UEs compliant to TS 24.301 release 11.4.0 or earlier have a different behavior compared to newer UEs. Before and including release 11.4.0 of TS 24.301 the behavior was defined in chapter 5.5.1.3.4.3 and chapter 5.5.3.3.4.3 respectively as follows: 
Other EMM cause values and the case that no EMM cause IE was received are considered as abnormal cases. The combined attach procedure shall be considered as failed for EPS and non-EPS services.

Other EMM cause values and the case that no EMM cause IE was received are considered as abnormal cases. The combined tracking area updating procedure shall be considered as failed for EPS and non-EPS services.
From that we can see that UEs of release 11.4.0 and earlier will consider both CS and PS as failed when receiving a cause code defined as abnormal. To get a solution backward compatible requires therefore the introduction of a new optional indication making it possible for upgraded UEs to react properly while at the same time not affecting any legacy UEs.

Observation 2: To solve the issue in a backward compatible manner requires that a new optional indication is sent to the UEs.
To only indicate to a UE that CS services are not available in the current TA may result in that the UE attempts to register in other TAs that belongs to the same LA as the UE has no knowledge about what TAs are mapped to the same restricted LA. However, normally all TAs in a TAI-list belong to the same LA, see TS 23.272 chapter 4.3.2:

The CS fallback and/or SMS over SGs enabled MME supports the following additional functions:

....

For CS fallback, generating a TAI list such that the UE has a low chance of "falling back" to a cell in a LA different to the derived LAI (e.g. the TAI list boundary should not cross the LA boundary).
This means that for an MME that complies with the above it would be advantageous to indicate to the UE that the restriction applies to the whole TAI-list. Therefore it is better to let the MME indicate to the UE either that:
· CS services is not available in the TA or

· CS services is not available in the TAI-list area

Observation 3: Let the network indicate to the UE the area in which CS services is not available.
5. Conclusion and proposed way forward
As can be seen in Observation 1, the available cause values for non-accepted CS registration in a combined registration request does not work well for deployments where CS voice and PS voice are to be used in different parts of the network. It is therefore proposed to enhance the protocol with an indication of non-accepted CS registration based on location
Proposal 1: It is proposed to introduce indication of non-successful CS registration based on location.

As introducing a new EMM cause value for location based non-accepted CS registration will result in negative effect for existing UE implementations, as noted in Observation 2, it is further proposed to indicate non-successful CS registration based on location using an optional IE

Proposal 2: It is proposed to use a new optional IE to indicate non-successful CS registration based on location.

As seen in Observation 3, a solution can be made more efficient if the network is allowed to indicate whether the indication of non-successful CS registration applies to the current TA or the current TA list. It is therefore proposed to include also this aspect in the solution.

Proposal 3: It is proposed to allow the network to control whether indication of non-successful CS registration based on location applies to TA or TA list.
CT1 is encouraged to discuss the issue presented in this discussion paper. If CT1 is in favor to introduce a solution as outlined to avoid the negative effects resulting from current specification in applicable deployments, Ericsson volunteers to provide CRs in a future meeting.
