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Discussion and decision
1 Introduction

SA2 has discussed the automotive use case where "voice centric" UE wants to use CE mode B (e.g. due to bad coverage) in order to send SMS, IM or small data. SA2 has defined solution in the Technical Specification 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.

If the UE supports CE mode B and UE's usage setting is set to "voice centric" in the Attach or TAU request message then the MME shall indicate to eNB that CE mode B is restricted. If the UE supports CE mode B and UE's usage setting is set to "data centric" in the Attach or TAU request message then, based on operator's policy and the Enhanced Coverage Restricted parameter (see clause 4.3.28), the MME shall indicate to eNB that CE mode B is not restricted.” 

Basis of the solution is that UE always indicates its right capability (irrespective if UE usage setting is “voice centric” or “data centric”) of CE mode B support to the MME, for example, Rel-14 UE capable of supporting CE mode B always indicates in radio capability and RRConnectionSetupComplete message that CE mode B is supported. MME based on UE usage setting stores the CE mode B restricted parameter in MM context (i.e. if UE usage setting is “voice centric” then CE mode B restricted parameter is set, or else if UE usage setting is “data centric” then CE mode B restricted parameter is not set). MME sends CE mode B restriction parameter to eNB in S1-AP signalling. 
UE can initiate TAU to change UE usage setting from "data centric" to "voice centric" (or vice versa). SA2 has sent RAN2 a LS [R2-1712153] and requested RAN 2 to take action on the following:

SA2 would request RAN2 to provide feedback if they see any issue in updating the “CE mode B restriction parameter” at eNB in CONNECTED mode.

In this contribution, the updating of the CE Mode B restriction parameter in Connected Mode is discussed and the impact to RAN 2 is analysed.

2 Discussion

2.1 Impact of change in CE mode B restriction in RRC Connected mode

In RAN2 # 96 meeting, it was agreed that the enhanced coverage authorization does not affect the specification for UE’s connected mode mobility for BL UEs or UEs in CE [1]. The reason was that the network is in full control when a UE is in connected mode. It is up to network to take an appropriate action such as RRC reconfiguration or even releasing the UE to IDLE mode if necessary when MME informs the change in enhanced coverage authorization parameter. Also while being in connected mode, for example, during re-establishing the RRC connection, UE applies the existing cell selection procedures and rules that are used with authorization of coverage enhancement.

Observation 1. Handling of coverage enhancement for the RRC connected mode mobility is left to eNB implementation.

Similarly, When UE in RRC connected mode changes its usage setting from ‘voice centric’ to ‘data centric’ or vice versa, UE NAS will initiate a TAU to the MME. The MME based on UE usage setting will inform the eNB that the CE Mode B is restricted or not via S1-AP signalling (CE mode B restriction parameter). eNB based on this parameter can take appropriate action such as reconfiguration of CE parameters, measurement configurations, handover to suitable cell or even releasing the RRC connection.
It should be understood that once the eNB received a CE mode B restriction parameter indicating "CE Mode B restricted" the UE should not be kept in CE mode B for longer than necessary, because the change of the UE's usage setting indicates that the user wants to be available for voice calls (which cannot be served in CE mode B) and the network could attempt to deliver an incoming voice call at any time. 
2.1.1 Assumption of interaction between AS and NAS

In Rel-13 legacy UE, when NAS disables the CE mode B for voice centric UE, AS needs to know if CE mode B is supported or not (in UE’s radio capability). Currently such indication is up to UE implementation. In the Rel-14, NAS would not change UE radio capability when usage setting is changed [TS 23.401]. Same indication can be used to inform AS that CE mode B is restricted or not when usage setting is changed. 

Observation 2. In Rel-13 legacy UE behaviour, when NAS disables the CE mode B for voice centric UE, NAS needs to indicate AS that CE mode B is not supported. When NAS triggers TAU request to change UE’s usage setting, such indication can also be used whether or not CE mode B is restricted.
When UE’s usage setting is changed while in RRC_CONNECTED mode, NAS triggers the TAU request. After successful TAU, NAS indicates the AS that CE mode B is restricted or not. Note that in some cases when a voice centric UE moves to a very deep coverage, it may not find any normal coverage or CE mode A coverage or even 2G/3G coverage. Since the voice centric UE does not operate in CE mode B, the UE is out of coverage as it could not find any suitable cell. Therefore, it is very important that NAS gets the information that AS entered the "limited service" state. Based on “limited service” indication from AS and application/user request to change the usage setting to data centric, NAS may decide to inform AS that CE mode B is not restricted so that UE applies correct cell suitability criteria to select cell and be able to resume service in CE mode B.

Proposal 1. The existing Rel-13 indication of the CE mode B supported/not supported can be used as indication of CE mode B restricted/not restricted for UE AS to apply correct cell suitability check criteria for the cell reselection.
The text proposal TS 36.304 based on the Proposal 1 provided in Annex.

2.1.2 Usage setting from data centric to voice centric in RRC Connected mode
Let us assume that the UE is operating in CE Mode B and NAS triggers TAU request to change the usage setting from data centric to voice centric as UE may be in good coverage and voice service is best effort for data centric UE. When MME receives the TAU request and it indicates eNB that CE mode B is restricted, following cases are observed.  
Case 1: If UE is currently operating in CE mode A, eNB ensures that UE operates only in CE mode A.

Case 2: If UE is currently operating in CE mode B and eNB cannot reconfigure the UE to operate in CE mode A in the current serving cell, the eNB should handover the UE to an appropriate target cell making sure UE operates in CE Mode A. If eNB cannot perform handover, it releases the UE to enable it to apply the cell (re-)selection criteria for idle mode. If no E-UTRAN cell is available in normal coverage or CE mode A, UE will attempt to select GERAN or UTRAN.
In both cases, eNB can support the change of CE mode B restriction in connected mode. 
Observation 3. In connected mode, if MME signals CE mode B restriction parameter to indicate whether the CE mode B should be restricted or not upon the change in usage setting, eNB can take an appropriate action by reconfiguration, handover or releasing RRC connection. 
Consider a case, once CE mode B is restricted and UE is currently operating in CE mode A, RRC connection re-establishment may happen in which case legacy procedure follows.
2.1.3 Usage setting from voice centric to data centric in RRC Connected mode
Let us assume that UE’s usage setting is voice centric and is operating in CE mode A. MME indicates the eNB that CE mode B is not restricted. Similar to the above observations 3, the UE can be configured to operate in CE mode B when it is needed by eNB. 

Assume NAS has already triggered TAU request to change UE’s usage setting from voice centric to data centric.  UE is voice centric and currently in RRC_CONNECTED mode operating in CE mode A. When the UE reaches bad coverage after or before sending the TAU request to change the usage setting from voice centric to data centric, UE may not be able to receive TAU accept message because UE may have gone into RLF. In this scenario, UE can start the RRC connection re-establishment procedure following the existing cell-selection procedure and rules of coverage enhancement. If the RRC connection re-establishment fails, UE will attempt to perform the NAS recovery.

If the UE does not find any suitable cell in CE mode A coverage or normal coverage or any 2G/3G coverage, AS reports to the NAS that no suitable cell is found and it is in "limited service" state. Based on "limited service" indication from AS and application/user request to change the usage setting to data centric, UE NAS may indicate the AS that CE mode B is not restricted. If the UE is now able to find a suitable cell, then NAS repeats the TAU procedure. Note that on NAS level there is a repetition mechanism using supervision timers and a parameter called EPS update status which will ensure that once a TAU procedure was started and failed, e.g. due to RLF, the TAU procedure will be repeated until it can be completed successfully.
Observation 4. During TAU procedure to change the UE’s usage setting, if RRC connection re-establishment happens and fails, UE attempts to perform NAS recovery, in which case IDLE mode procedure follows.

Based on the analysis and observations above, RAN2 can provide feedback to SA2 in a reply LS [2] that there is no issue in updating the CE mode B restriction parameter at eNB for a UE that supports CE mode B operation.

Proposal 2. Provide feedback to SA2 in a reply LS that there is no issue in updating the CE mode B restriction parameter at eNB by MME in RRC connected mode.

3 Conclusion

The observations captured are the following:

Observation 1.
Handling of coverage enhancement for the RRC connected mode mobility is left to eNB implementation.
Observation 2.
In Rel-13 legacy UE behaviour, when NAS disables the CE mode B for voice centric UE, NAS needs to indicate AS that CE mode B is not supported. When NAS triggers TAU request to change UE’s usage setting, such indication can also be used whether or not CE mode B is restricted.
Observation 3.
In connected mode, if MME signals CE mode B restriction parameter to indicate whether the CE mode B should be restricted or not upon the change in usage setting, eNB can take an appropriate action by reconfiguration, handover or releasing RRC connection.
Observation 4.
During TAU procedure to change the UE’s usage setting, if RRC connection re-establishment happens and fails, UE attempts to perform NAS recovery, in which case IDLE mode procedure follows.

Based on the observations above, we propose following:

Proposal 1.
The existing Rel-13 indication of the CE mode B supported/not supported can be used as indication of CE mode B restricted/not restricted for UE AS to apply correct cell suitability check criteria for the cell reselection.
Proposal 2.
Provide feedback to SA2 in a reply LS that there is no issue in updating the CE mode B restriction parameter at eNB by MME in RRC connected mode.


4 Reference

[1] R2-169085 Response LS on Enhanced Coverage authorization impact on cell and PLMN selection procedures (to: SA2; cc: RAN6, CT1; contact: Qualcomm), 14th – 18th November 2016, Reno, USA.
[2] R2-1803304 [DRAFT] Reply LS on Data support for "voice centric" UE supporting CE mode B (to: SA2; cc: RAN3; contact: Intel), 26th February – 2nd March 2018, Athens, Greece.

5 Annex A

Text proposal for TS 36.304
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4.2
Functional division between AS and NAS in Idle mode

Table 1 presents the functional division between UE non-access stratum (NAS) and UE access stratum (AS) in idle mode. The NAS part is specified in [5] and the AS part in the present document. 

	Idle Mode Process
	UE Non-Access Stratum
	UE Access Stratum

	PLMN Selection 
	Maintain a list of PLMNs in priority order according to [5]. Select a PLMN using automatic or manual mode as specified in [5] and request AS to select a cell belonging to this PLMN. For each PLMN, associated RAT(s) may be set.

Evaluate reports of available PLMNs from AS for PLMN selection.

Maintain a list of equivalent PLMN identities.
	Search for available PLMNs.
If associated RAT(s) is (are) set for the PLMN, search in this (these) RAT(s) and other RAT(s) for that PLMN as specified in [5].

Perform measurements to support PLMN selection.

Synchronise to a broadcast channel to identify found PLMNs.

Report available PLMNs with associated RAT(s) to NAS on request from NAS or autonomously.

	Cell 
Selection
	Control cell selection for example by indicating RAT(s) associated with the selected PLMN to be used initially in the search of a cell in the cell selection. NAS is also maintaining lists of forbidden registration areas and a list of CSG IDs and their associated PLMN ID on which the UE is allowed (CSG whitelist) and provide these lists to AS.

NAS may indicate whether the use of coverage enhancements is not authorized for the selected PLMN.
NAS may indicate whether the CE mode B is restricted for the UE supporting CE mode B.

	Perform measurements needed to support cell selection.

Detect and synchronise to a broadcast channel. Receive and handle broadcast information. Forward NAS system information to NAS.

Search for a suitable cell. The cells broadcast one or more 'PLMN identity' in the system information. Respond to NAS whether such cell is found or not.

If associated RATs is (are) set for the PLMN, perform the search in this (these) RAT(s) and other RATs for that PLMN as specified in [5].

If such a cell is found, the cell is selected to camp on.

	Cell 
Reselection
	Control cell reselection by for example, maintaining lists of forbidden registration areas.

Maintain a list of equivalent PLMN identities and provide the list to AS.
Maintain a list of forbidden registration areas and provide the list to AS.

Maintain a list of CSG IDs and their associated PLMN ID on which the UE is allowed (CSG whitelist) to camp and provide the list to AS.
	Perform measurements needed to support cell reselection.

Detect and synchronise to a broadcast channel. Receive and handle broadcast information. Forward NAS system information to NAS.

Change cell if a more suitable cell is found.

	Location registration
	Register the UE as active after power on.

Register the UE's presence in a registration area, for instance regularly or when entering a new tracking area.

Maintain lists of forbidden registration areas.

Deregister UE when shutting down.

Control and restrict location registration for a UE in eCall only mode.
	Report registration area information to NAS.

	Support for manual CSG selection
	Provide request to search for available CSGs.

Evaluate reports of available CSGs from AS for CSG selection.

Select a CSG and request AS to select a cell belonging to this CSG.
	Search for cells with a CSG ID.
Read the HNB name from BCCH on SIB9 if a cell with a CSG ID is found.

Report CSG ID of the found cell broadcasting a CSG ID together with the HNB name and PLMN(s) to NAS.

On selection of a CSG by NAS, select any cell belonging to the selected CSG fulfilling the cell selection criteria and not barred or reserved for operator use for UEs not belonging to AC 11 or 15 and give an indication to NAS that access is possible (for the registration procedure).


Table 4.2-1: Functional division between AS and NAS in idle mode

Next change

4.3
Service types in Idle Mode

This clause defines the level of service that may be provided by the network to a UE in Idle mode.

The action of camping on a cell is necessary to get access to some services. Three levels of services are defined for UE:

-
Limited service (emergency calls, ETWS and CMAS on an acceptable cell)

-
Normal service (for public use on a suitable cell)

-
Operator service (for operators only on a reserved cell)

Furthermore, the cells are categorised according to which services they offer:

acceptable cell:

An "acceptable cell" is a cell on which the UE may camp to obtain limited service (originate emergency calls and receive ETWS and CMAS notifications). Such a cell shall fulfil the following requirements, which is the minimum set of requirements to initiate an emergency call and to receive ETWS and CMAS notification in a E-UTRAN network:

-
The cell is not barred, see subclause 5.3.1;

-
The cell selection criteria are fulfilled, see subclause 5.2.3.2;

suitable cell:

A "suitable cell" is a cell on which the UE may camp on to obtain normal service. The UE shall have a valid USIM and such a cell shall fulfil all the following requirements.

-
The cell is part of either: 

-
the selected PLMN, or: 
-
the registered PLMN, or:
-
a PLMN of the Equivalent PLMN list
-
For a CSG cell, the cell is a CSG member cell for the UE;

According to the latest information provided by NAS:

-
The cell is not barred, see subclause 5.3.1;

-
The cell is part of at least one TA that is not part of the list of "forbidden tracking areas for roaming" [4], which belongs to a PLMN that fulfils the first bullet above;

-
The cell selection criteria are fulfilled, see subclause 5.2.3.2;

-
Except for NB-IoT, if the UE supports authorization of coverage enhancements and upper layers indicated that use of coverage enhancements is not authorized for the selected PLMN:

-
the cell selection criterion S in normal coverage shall be fulfilled;
-
Except for NB-IoT, if the UE supports CE mode B and upper layers indicated that CE mode B is restricted:

-
the cell selection criterion S in normal coverage or in enhanced coverage based on coverage specific values Qrxlevmin_CE and Qqualmin_CE shall be fulfilled;
If more than one PLMN identity is broadcast in the cell, the cell is considered to be part of all TAs with TAIs constructed from the PLMN identities and the TAC broadcast in the cell.

barred cell:

A cell is barred if it is so indicated in the system information [3].
reserved cell:

A cell is reserved if it is so indicated in system information [3].

Following exceptions to these definitions are applicable for UEs:

-
camped on a cell that belongs to a registration area that is forbidden for regional provision of service; a cell that belongs to a registration area that is forbidden for regional provision service ([5], [16]) is suitable but provides only limited service.

-
as an outcome of the manual CSG selection procedure the UE is allowed to access an acceptable cell which fulfils the cell selection criteria and is not barred or reserved for operator use for UEs not belonging to AC 11 or 15 and inform NAS that access is possible (for location registration procedure).

NOTE:
UE is not required to support manual search and selection of PLMN or CSGs while in RRC CONNECTED state. The UE may use local release of RRC connection to perform manual search if it is not possible to perform the search while RRC connected.

-
if a UE has an ongoing emergency call, all acceptable cells of that PLMN are treated as suitable for the duration of the emergency call.

-
if the UE in RRC_IDLE fulfils the conditions to support sidelink communication or PS related sidelink discovery in limited service state as specified in TS 23.303 [29, 4.5.6], the UE may perform sidelink communication or PS-related sidelink discovery.
-
if the UE in RRC_IDLE fulfils the conditions to support V2X sidelink communication in limited service state as specified in TS23.285 [36, 4.4.8], the UE may perform V2X sidelink communication.

Next change

5.2.3.2
Cell Selection Criterion

For NB-IoT the cell selection criterion is defined in sub-clause 5.2.3.2a.

The cell selection criterion S in normal coverage is fulfilled when:

	Srxlev > 0  AND  Squal > 0


where: 
	Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation - Qoffsettemp
Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp


where:

	Srxlev
	Cell selection RX level value (dB)

	Squal
	Cell selection quality value (dB)

	Qoffsettemp
	Offset temporarily applied to a cell as specified in [3] (dB)

	Qrxlevmeas
	Measured cell RX level value (RSRP)

	Qqualmeas
	Measured cell quality value (RSRQ)

	Qrxlevmin
	Minimum required RX level in the cell (dBm)

	Qqualmin
	Minimum required quality level in the cell (dB)

	Qrxlevminoffset
	Offset to the signalled Qrxlevmin taken into account in the Srxlev evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN [5]

	Qqualminoffset
	Offset to the signalled Qqualmin taken into account in the Squal evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN [5]

	Pcompensation 
	If the UE supports the additionalPmax in the NS-PmaxList, if present, in SIB1, SIB3 and SIB5:

max(PEMAX1 –PPowerClass, 0) – (min(PEMAX2, PPowerClass) – min(PEMAX1, PPowerClass)) (dB);

else:

max(PEMAX1 –PPowerClass, 0) (dB)

	PEMAX1, PEMAX2
	Maximum TX power level an UE may use when transmitting on the uplink in the cell (dBm) defined as PEMAX in TS 36.101 [33]. PEMAX1 and PEMAX2 are obtained from the p-Max and the NS-PmaxList respectively in SIB1, SIB3 and SIB5 as specified in TS 36.331 [3].

	PPowerClass
	Maximum RF output power of the UE (dBm) according to the UE power class as defined in TS 36.101 [33]


The signalled values Qrxlevminoffset and Qqualminoffset are only applied when a cell is evaluated for cell selection as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN [5]. During this periodic search for higher priority PLMN the UE may check the S criteria of a cell using parameter values stored from a different cell of this higher priority PLMN.

If cell selection criterion S in normal coverage is not fulfilled for a cell, UE shall consider itself to be in enhanced coverage if the cell selection criterion S for enhanced coverage is fulfilled, where:

	Qrxlevmin
	UE applies coverage specific value Qrxlevmin_CE (dBm)

	Qqualmin
	UE applies coverage specific value Qqualmin_CE (dB)


If cell selection criterion S in normal coverage is not fulfilled for a cell and UE does not consider itself in enhanced coverage based on coverage specific values Qrxlevmin_CE and Qqualmin_CE, UE shall consider itself to be in enhanced coverage if UE supports CE Mode B and CE mode B is not restricted by upper layers and the cell selection criterion S for enhanced coverage is fulfilled, where:

	Qrxlevmin
	UE applies coverage specific value Qrxlevmin_CE1 (dBm)

	Qqualmin
	UE applies coverage specific value Qqualmin_CE1 (dB)


For the UE in enhanced coverage, coverage specific values Qrxlevmin_CE and Qqualmin_CE (or Qrxlevmin_CE1 and Qqualmin_CE1) are only applied for the suitability check in enhanced coverage (i.e. not used for measurement and reselection thresholds).
End of change
