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Abstract of the contribution: This paper describes an issue related to handling of CE Mode B support for the “Voice Centric” UEs and proposes way forward options. 

1. Background

In SA2#119 the issue of Voice support for UE supporting CE mode B was discussed. Since voice cannot be supported for the UE operating in CE mode B following agreement was made in clause 4.3.27a of TS 23.401 -  

“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.”

TS 23.221, Section 7.2a and for voice centric UE the following is defined: 

“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.”

This defines that a "voice centric" UE shall always ensure that voice service is possible. As a result, this implies the requirement that these UEs should reselect to 2/3G if voice service in E-UTRAN cannot be provided via CS fallback (CSFB) or via voice over IMS.

Problem Statement
According to TS 36.331 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.

TS 23.401, clause 5.11.2 states following 

“If the UE's non-UTRAN UE Radio Capability information changes while in ECM-IDLE state (including cases of being in GERAN/UTRAN coverage), the UE shall perform a Tracking Area Update indicating "UE radio capability update" when it next returns to E‑UTRAN coverage.

NOTE 4:
In this release of the specifications, "UE radio capability update" is only supported for changes of GERAN radio capabilities in ECM-IDLE. Any change in the UE's E‑UTRAN capabilities requires the UE to detach and then re-attach to the system.”

Consider following scenario - UE supports CE mode B and configured as “Data Centric” but later changes to “Voice Centric”:

Initially, when the UE is “data centric” and attaches to the network, MME stores the UE radio capability that indicate UE supports CE mode B. When the UE’s usage setting is changed to “Voice Centric”, UE will initiate TAU procedure indicating in the TAU Request message that the UE’s usage setting was changed to “Voice Centric”, and additionally during the RRC connection establishment for this TAU procedure the UE will not indicate that it supports CE mode B. If the UE later initiates a service request procedure, the UE will again not indicate that it supports CE mode B during the RRC connection establishment, but then the MME will send an S1AP Initial Context Setup message including the UE radio capability to the eNB, and this copy of the UE radio capability will indicate that CE mode B is supported.

There is a risk that the eNB will base its further actions on the UE radio capability information received last (from the MME) and will assume that CE mode B is supported by the “voice centric” UE even though same UE has indicated no support of CE mode B to the eNB during RRC connection establishment.

2. Way forward options

Solution #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). 

It is proposed to update clause 4.3.27a of TS 23.401 as following 

4.3.27a
Restriction of use of Enhanced Coverage for voice centric UE

Support of UEs in Enhanced Coverage is specified in TS 36.300 [5].

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.

If UE supports CE mode B and UE’s usage setting is changed from “Data Centric” to “Voice Centric” (or vice versa) then the UE shall update radio capability at the MME as per the procedure defined in clause 5.11.2.
If UE NAS disables the usage of CE mode B (e.g. due to change from “Data Centric” to “Voice Centric”), UE NAS informs UE AS not to enable procedures applicable to CE mode B in idle or connected mode (such as for cell reselection, random access, measurement gaps). The vice-versa procedure would also be applicable when CE mode B is allowed again to be used.

Solution #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). 

This requires updating clause 5.11.2 of TS 23.401 as following: 

“If the UE is performing an Attach procedure or a Tracking Area Update procedure for the "first TAU following GERAN/UTRAN Attach" or for "UE radio capability update" or for the “UE supporting CE Mode B and change in UE’s usage setting from voice centric to data centric (and vice versa)”, the MME shall delete (or mark as deleted) any UE Radio Capability information that it has stored, and, if the MME sends an S1 interface INITIAL CONTEXT SETUP REQUEST or UE RADIO CAPABILITY MATCH REQUEST message during that procedure, the MME shall not send any UE Radio Capability information to the E UTRAN in that message. This triggers the E UTRAN to request the UE Radio Capability from the UE and to upload it to the MME in the S1 interface UE CAPABILITY INFO INDICATION message. The MME stores the UE Radio Capability information, and include it in further INITIAL CONTEXT SETUP REQUEST or UE RADIO CAPABILITY MATCH REQUEST messages in other cases than Attach procedure, Tracking Area Update procedure for the "first TAU following GERAN/UTRAN Attach" and "UE radio capability update" procedure.”

Solution #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). 

The UE sends its “Voice domain preference and UE's usage setting” in Attach Request and TAU request message to MME. If the UE supports CE mode B then it always sends its CE mode B support capability to eNB/MME. 

If UE supports “CE mode B” and UE's usage setting is set to “Voice Centric” then UE shall not operate in CE mode B and should locally disable it. 

Based on the UE's usage setting the MME need to support new “CE mode B restriction parameter”. If UE supports “CE mode B” and UE's usage setting is set to “Voice Centric” then MME sets “CE mode B restriction parameter” to value indicating UE is “restricted” for CE mode B. If UE supports “CE mode B” and UE's usage setting is set to “Data Centric” then MME sets “CE mode B restriction parameter” to value indicating UE is “not restricted” for CE mode B. 

MME stores “CE mode B restriction parameter” parameter in MM Context. 

MME also sends “CE mode B restriction parameter” to eNB in a number of S1-AP messages (e.g. INITIAL CONTEXT SETUP REQUEST message, HANDOVER REQUEST message, HANDOVER REQUEST ACKNOWLEDGE message, and DOWNLINK NAS TRANSPORT message carrying the TAU ACCEPT message) indicating to eNB if UE is “restricted” or “not restricted” for CE mode B.

If “CE mode B restriction parameter” is set to value “Restricted” then UE/MME shall not start extended NAS timer. Also MME should reject any request for dedicated bearer establishment if “CE mode B restriction parameter” is set to value “Restricted”. 

3. Evaluation

Solution #1 has major drawback is that it would be very expensive in terms of signaling via the radio interface (including that it requires retrieval of the full new UE radio capability). In addition the change from “voice centric” to “data centric” might take place under CE mode B conditions therefore signalling overhead may be even more due to possible repetitions. This has impact to UE behavior as UE supporting CE mode B need to initiate Detach procedure instead of TAU procedure. This has no impact to RAN or EPC. 

Solution #2 is better as compared to option#1 in terms of radio signalling however it will work only, if the UE is in EMM-Idle mode at the moment when the UE’s usage setting is changed. If the UE is already in EMM-Connected mode, then the UE radio capability IE has already been provided by the MME to the eNB, and it will not be updated as long as the UE remains in EMM-Connected. 

For Solution #2 there will be issue for connected mode that eNB may reconfigure the UE to use CE mode B (assuming UE supports CE mode B) and then later if there is MT voice call it will be rejected (for the UE with usage setting set to voice centric UE). UE and eNB needs to be synchronized on the configuration to be used while in RRC_CONNECTED, else this requires new UE behavior where UE has to either ignore the reconfiguration from eNB or reject the reconfiguration from eNB for CE mode B if UE usage setting is set to voice centric. This requires RAN2 analysis and inputs. Solution#2 could lead to other issues while in connected mode where the eNB has the wrong radio capabilities (i.e. other radio capabilities beside CE mode B radio capability). This requires considerable analysis and feedback from RAN2 group.  

Solution #3 is most efficient in terms of signalling. Comparison between Solution#2 and Solution#3 is given below: 

· In Solution#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 Solution#3 is more accurate.

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

· Solution#2 only works for idle mode. For connected mode solution#2 may lead to wrong behavior (i.e. reconfiguring the UE to CE mode B). Solution #3 work both idle and connected mode. 

· Solution#3 provides additional tool for the operators to restrict usage of CE mode B to save UE battery power and/or save network resources. In other words, Solution#3 could even apply to data centric UEs to restrict usage of CE mode B, if needed based on the operator’s policy.  

4. Proposal

Based on the analysis above, Solution#3 is most efficient. It is preferable to have solution#3 for both Rel-13 & Rel-14. However at SA2#120 there were concerns to minimize impacts to Rel-13. Given that for Rel-13 we can go with solution#1 which is inefficient but has least system impacts. Rel-13 CR is provided in S2-172960.

For Rel-14, it is proposed to go with solution#3. Rel-14 CR is provided in S2-172961.

It is also prosed to send an LS to RAN2, RAN3, CT1 & CT4 informing them about this way forward. Draft LS Out is proposed in S2-172962.
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