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Abstract of the contribution: Discusses about the different aspects of supporting voice services for UEs that support CE-modeA or CE-modeB.
1. Introduction
In SA2#118bis the issue of how to support voice services for UEs in "extended coverage" was discussed in the context of [1] and [2]. The discussion in SA2 concentrated on the (in)ability of MME to setup Dedicated EPS Bearer which is required for reliable voice service due to the extension of NAS timers when the indicates capability for CE-mode-B. 

This paper though aims to highlight a different issue which is the "idle mode camping" policy for UEs that support CE-modeA or CE-modeB. 

2. Idle mode camping procedures for ce-ModeA and ce-modeB UEs
A cell broadcasts cell selection threshold for normal coverage (Qrxlevmin, legacy) and optionally a second cell selection threshold for extended coverage (Qrxlevmin_CE). See TS 36.304 [3] section 5.2.3.2.

For the UE in enhanced coverage, coverage specific values Qrxlevmin_CE and Qqualmin_CE are only applied for the suitability check in enhanced coverage (i.e. not used for measurement and reselection thresholds).
But cell can provide different PRACH resources (e.g. number of blind repetitions) for 1 to 4 coverage levels (PRACH-ParametersCE-r13). See TS 36.331 v 13.4.0 [5].
The boundary between two coverage levels is defined by RSRP threshold(RSRP-ThresholdsPrachInfoList-r13). See TS 36.331 v 13.4.0 [5] . Up to 3 thresholds can be provided (first threshold defines boundary between CE level 0 & 1, second threshold defines boundary between CE level 1 & 2 and third threshold defined boundary between CE level 1 & 3) ).
Only RSRP threshold for CE level 0 and 1 are used by UE supporting ce-ModeA only. See TS 36.306 [4] section 4.3.29.1

4.3.29.1
ce-ModeA-r13

This field defines whether the UE supports operation in coverage enhancement mode A, as specified in TS 36.211 [17], TS 36.213 [22] and TS 36.331 [5], and PRACH CE levels 0 and 1 at Random Access, as specified in TS 36.321 [4]. It is mandatory for UEs of DL category M1 and UL category M1.
RSRP thresholds for CE level 0, 1, 2 and 3 are used by UE supporting ce-ModeB. See TS 36.306[4] section 4.3.29.2

4.3.29.2
ce-ModeB-r13

This field defines whether the UE supports operation in coverage enhancement mode B, as specified in TS 36.211 [17], TS 36.213 [22] and TS 36.331 [5], and PRACH CE levels 2 and 3 at Random Access, as specified in TS 36.321 [4].  A UE indicating support of ce-ModeB-r13 shall also indicate support of ce-ModeA-r13.

While the UE is camped on a cell in coverage extended mode then all cell reselection is based on ranking, priority based cell reselection is not applied. 

Based on the above we can conclude the following:

· A network supporting ce-ModeB will broadcast Qrxlemin_CE with appropriate value allowing UE operation up to coverage level 3 (worst coverage).
· A UE supporting only ce-ModeA and selecting such a cell will consider the cell suitable as long as measured RSRP is above Qrxlevmin_CE but it will not be able to RACH if the measured RSRP is below threshold for coverage level 1.
· In such situation RACH failure will occur and UE may perform cell reselection by applying offset to the serving cell.
In a nutshell the above means that a ce-ModeA capable UE (which as per the Nokia proposal [1] is assumed to be able to support voice service) may find itself in a situation where it can consider the cell suitable BUT when it is about to perform a voice call or respond to paging for MT call it cannot do so. 
Observation 1: With the current RAN2 procedures ce-ModeA UE is not guaranteed to camp in a cell where it can perform RACH and therefore establish MO/MT voice calls.

3. Voice domain selection

From rel.8 onwards the voice domain selection procedures have been defined in TS 23.221 [6], 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.

Basically, this defines that a "voice centric" UE shall always ensure that voice service is possible and as a result the requirement means that (as per Observation 1) these UEs are preferable to reselect to 2/3G. 
Observation 2: Voice centric UE shall always ensure that voice service is possible 

4. Solutions for voice support for ce-ModeA UEs

Option 1- Network based solution 

In this option, cells supporting CE-mode-B (i.e. broadcast Qrxlemin_CE with appropriate value allowing UE operation up to coverage level 3) shall be configured by serving PLMN in different TAC than cells supporting CE-mode-A or no coverage extension.

For IMS voice

· MME shall not indicate “IMS Voice Supported” in TA-list that contains mode-B cells

For CSFB

· MME shall not register the UE in TA-list that contains mode-B cells *and* provide “CSFB supported” indicator (i.e. successful dual registration)
· This is a new MME behaviour for CSFB#

If the above happens then don’t need any UE changes since the UE in NAS will understand that this TA-list does not support voice, disable E-UTRA capability and select 2/3G following existing procedures. 

Option 2- UE based solution

In this option there is no need for a specific separation of “CE-mode-B” cells to TACs and/or special awareness in MME.

Voice centric UEs (successfully registered in TA-list supporting “IMS voice supported” indicator” or “CSFB supported”) shall not camp (or remain camped) on a cell where only CE-modeB operation is possible irrespective if it is in the same TA-list that is reported in NAS as “IMS voice supported” or “CSFB supported”, rather it shall perform cell reselection to CE-modeA cell. If no CE-mode-A cell is available/suitable then the UE shall indicate RLF to NAS and NAS shall disable E-UTRA capability and reselect to 2/3G.
This solution would though require feedback from RAN2 and CT1 since it impacts cell suitability criteria and voice domain procedures. 
4. Evaluation and proposal
Option 1 has significant CN impacts and will affect configuration in RAN. Option 2 has UE impacts that need to be also checked with RAN2 (SA2 cannot make a decision). Furthermore, in RAN2 it may be possible to change the cell selection criteria for all UEs with ce-modeA capability which could also solve the same problem for "data centric" UEs. 
It is, therefore proposed for SA2 to send LS to RAN2 to ask them to modify the cell suitability criteria at least for "voice centric" UEs to only camp (or remain camped) in cells that allow UE operation up to and including  "ce-modeA" so that it can be ensured that voice service is possible.
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