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1
Background
At SA2#119 SA2 approved CRs (S2-171402 [1]/S2-171403) for “voice centric” UEs which state: 
 If the UE’s usage setting is "voice centric" as defined in TS 23.221 [27], it shall not operate in CE mode B and shall not indicate to the network that it supports CE mode B. 
In SA2#120 though S2-171987 [2] highlighted the following problem: 

If the UE supports CE mode B and is configured as “Data Centric" according to TS 36.331 the UE signals the support indication for CE mode B not only during each RRC connection establishment, but it provides this indication also in the UE radio capability (E-UTRA capability). Also, the UE radio capability can only be changed by a new attach procedure as per existing clause 5.11.2 of TS 23.401.
When a UE supports CE mode B and is configured as “Data Centric” but later UE’s usage setting is changed to “Voice Centric”, then:

-
The UE initiates TAU procedure indicating in the TAU Request message that the UE’s usage setting was changed to “Voice Centric”. This does not causet the MME to delete the stored the UE radio capability which indicates UE supports CE mode B.
-
Additionally, during the RRC connection establishment for this TAU procedure the UE will not indicate that it supports CE mode B (as per S2-171402 [1]/S2-171403). 
-
But later, if the UE initiates a service request procedure and the MME sends an S1AP Initial Context Setup message including the UE radio capability to the eNB, then copy of the UE radio capability will indicate that CE mode B is supported.
In SA2#120 S2-171987 [2] proposed 3 options on how to resolve this problem: 

Option 1: 

This option is based on principle of forcing the UE, supporting CE mode B, to detach and then reattach whenever UE usage setting is changed from “Voice Centric” to “Data Centric” (and vice versa). 

Option 2: 

This option is based on principle of forcing the MME to update UE radio capability at eNB during Tracking Area Update (TAU) procedure for the UE, supporting CE mode B, whenever UE usage setting is changed from “Voice Centric” to “Data Centric” (and vice versa). 

Option #3:

This solution is based on principle that the MME uses UE’s usage setting information from the UE to determine if CE mode B should be restricted/allowed and updates eNB via S1 signalling about this restriction whenever UE’s usage setting is changed from “Voice Centric” to “Data Centric” (and vice versa). 

S2-171987 [2] proposed to move forward with option #3.

In SA2#120 S2-171920 [3] /S2-171921 proposed another option (call it option #4 for reader's convenience) which is that we remove the restriction in SA2 specification to update radio capabilities with TAU instead of requiring the UE to detach and re-attach.
Option #4:

Allow the UE to use TAU to update also E-UTRAN capability in ECM-IDLE.

2
Assessment of the proposed options

Option #1:

Option #1 is existing behaviour and can be implemented in TS 23.401 only with some minor clarification (in stage-2) but potentially imposes significant signalling if the UEs UE usage setting changes. This signalling will not only be OTA signalling, but also involve MME, SGW, PGW, HSS since the UE may have to detach and re-attach often.

Option #2:

We agree with the assessment of S2-171987 [2] for option #2: 

· In option#2 if UE supports CE mode B and UE's usage setting is set to “Voice Centric”, UE doesn’t send it’s CE mode B support capability to MME in Attach/TAU message even though UE may be capable of CE mode B (as per clause 4.3.27a). In option#3, UE always reports its correct capabilities to the eNB/MME. In this regard option#3 is more accurate.

· Option#2 requires updating UE radio capability stored at the MME when UE switch from “Voice Centric” to “Data Centric” and vice versa. Option#3 doesn’t require that. In this regard option#3 is more efficient in terms of signalling. 

and we are therefore not going to evaluate further. 

Option #3:

Option #3 as discussed also in SA2#120 imposes network impacts in MME and RAN while the benefit vs. Option #4 is only for connected mode i.e. it can allow the UE to transition from data to voice centric while in connected mode and MME inform the eNB about the restriction in Coverage Enhancements (i.e. not allow the UE to move to a cell that requires CE mode B). This connected mode behaviour though does not need standardisation since the eNB will be aware of the voice bearer establishment and the fact that this is for voice (from QCI=1). In summary for connected mode the eNB RRM policy would be that if it accepts the establishment of QCI=1 EPS bearer to NOT move the UE to a cell that requires CE mode B level of repetitions to operate. This behaviour is orthogonal to option #3 or #4.Notably the connected mode behaviour was not specified and left up to network implementation even for "subscription controlled" coverage enhancement restriction as defined in RAN2#96 report R2-1700672 [4]: 
Agreements for LTE (eMTC UEs and LTE UEs that support CE)

0    The authorisation determines whether the UE is allowed to use the enhanced cell selection criteria or not.

1:   UE not authorized of coverage enhancements shall consider a cell that can only be camped in normal service in CE mode as not suitable. UE can camp in limited service.

2    The existing cell re-selection procedures and rules are used with authorization of coverage enhancements.

3    RAN2 informs CT1 about the above RAN2 agreements, and that AS needs to know from NAS whether coverage enhancements are authorized. RAN2 have not discussed PLMN selection and leave that to CT1.

4    Authorization of coverage enhancements will not impact specifications for connected mode mobility (i.e. left to network implementation). In case Idle mode procedures apply in connected mode (e.g. RRC re-establishment) the Idle mode procedure handling of authorization of coverage enhancements applies.

Option #4:
Option #4 does not impact the network, since the MME must be already prepared to receive changed radio capabilities given it is already allowed for UE to change its GERAN radio capabilities. It is though admittedly a new procedure for the UE and given rel.13 is well frozen it may not be imposed in legacy implementations. Option #4 is also a generic optimisation that can be used for other purposes, for example UEs that can support 2 or more 3GPP UE categories e.g. Cat.M1 and Cat.1. In this case also with the current procedures the UE to change from one UE category to another it requires to detach and re-attach.
3
Proposal 

As per the above assessment in clause 2 it is proposed: 

· For rel.13 move forward with option #1. A small clarification CR is provided in S2-173045 (rel.13)/S2-173046 (rel.14) to provide reference from clause 4.3.27a of TS 23.401 to clause 5.11.2 that describes how to change the radio capabilities. In rel.13 version there will be no change in clause 5.11.2 of TS 23.401.
· For rel.14 move forward with option #4. CR S2-173047, changes are performed in clause 5.11.2 of TS 23.401 to allow changing E-UTRAN radio capabilities with TAU.
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