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1 Introduction
In this document, we discuss NAS timer settings for eMTC, and propose a way forward.
2 Background

During RAN2#93bis, [1] discussed solution on extension of NAS timer settings due to increased radio interface delay caused by coverage enhancement techniques, and the following was captured in the chairman’s notes:

Agreements:

1
NAS should be aware that a UE only capable of CE mode A. RAN2 understanding is that legacy timers would be suitable.

Tentative agreements:

2
For a UE that supports CE mode A and CE mode B: Two levels of CE information will be provided to NAS. 1/ UE in NC or CE mode A. 2/ UE in CE mode B

2a
On UE side the NAS can be informed by UE internal signalling at connection establishment. 

FFS when exactly during the connection establishment the CE information will be available in UE.

2b
On network side, the CE information should be provided in the S1 message carrying Initial NAS message

3
Ask CT1 if it is useful for NAS to be informed during an RRC connection that the CE mode has been reconfigured.

· At RAN3#31 meeting, RAN3 discussed LS [5], and agreed to introduce a new NAS PDU Transmission Delay Indicator IE in the S1AP Initial UE Message [TS36.413], and an endorsed CR [7] was attached to the outgoing RAN3 reply LS [6]. 
According to RAN3 LS [6], this IE (NAS PDU Transmission Delay Indicator) “…represents an expected delay for the transmission of the NAS PDU as a factor relative to the delay assumed at the MME without this indication.”

· Email discussion [93bis#05][LTE/MTC/NB-IOT] NAS timer extension (Ericsson) [8] did not lead to any conclusions. Companies’ opinions where not converging.
· At NB-IOT Adhoc: 

RAN2 agreed LS to RAN3, SA2, and CT1 in [9], indicating the following:
· RAN2 agreed not to adjust NAS timers based on the coverage level in NB-IoT. 
· RAN2 agreed that NAS timers should be long enough i.e. taking into account the worst transmission delay in NB-IoT.  
· RAN2 may provide further feedback about transmission delay of the NAS PDU in non-NB-IoT later.
3 Discussion

3.1 UE supporting CE Mode A (but not CE Mode B)
According to RAN2 agreement, RAN2 considers legacy NAS timer settings should be possible to use for UE when operating in CE mode A. Clearly, this would apply for a UE that supports CE Mode A only. 
Currently, relevant signalling is not in place for MME to distinguish UE that also support CE Mode B.
Observation 1 Current S1 signalling does not allow the MME to know whether UE supports CE Mode A/B. 
3.2 UE supporting CE Mode B (and CE Mode A)

In RAN2, it is still open what NAS timer settings should be used for UE that supports CE mode B. The following options have been discussed: 

1) Extended NAS timer settings are always used by CE Mode B capable UE:
a. Would change behaviour of non-cat-M1 UE when operating in normal coverage

i. We assume this alternative should not be selected.
2) Extended NAS timer settings are used when CE Mode B capable UE is using Narrowband configuration
a. Cat M1 UE supporting CE Mode B would then always use extended NAS timers, not only when operating in CE Mode B configuration.

i. Cat M1 UE supporting CE Mode B would behave different than Cat M1 UE supporting CE Mode B only
b. Requires for UE that non-cat-M1 UE updates its NAS timer settings when narrowband configuration is configured/de-configured (at RRC Connection Setup and Reconfiguration).

i. We could disregard in this release the case of modifying NAS timer setting for (long-duration) RRC connection, and assume the initial setting is used throughout the RRC connection.

ii. Initial UE setting of NAS timers (before RRC connection is established) is based on if UE is in CE.
1. UE applies extended NAS timer settings in case UE considers CE levels 0, 1, 2 or 3.
c. Requires for non-cat-M1 UE that MME is informed when narrowband configuration is configured/de-configured. (at RRC Connection Setup and Reconfiguration)
i. We could disregard in this release the case of modifying NAS timer setting for (long-duration) RRC connection, and assume the initial setting is used throughout the RRC connection.

3) Extended NAS timer settings are used when CE Mode B capable UE is using CE Mode B configuration
a. Requires UE updates its NAS timer settings during RRC Connection establishment, and potentially also during ongoing RRC connection in case CE mode changes.

i. We could disregard in this release the case of modifying NAS timer setting for (long-duration) RRC connection, and assume the initial setting is used throughout the RRC connection.
ii. Initial UE setting of NAS timers (before RRC connection is established) is based on UE-assumed CE level
1. UE applies extended NAS timer settings in case UE considers CE levels 2 or 3.

iii. Issue for UE to modify the timer setting for running NAS timers during RRC Connection establishment in case CE mode changes.
1. This issue is more for CT1 to consider, whether to impact running NAS timers during RRC Connection establishment.
b. Requires MME is informed when RRC Connection is established, and potentially also during ongoing RRC Connection.
i. We could in this release disregard the case of modifying NAS timer setting for (long-duration) RRC connection.

Our preference is that extended NAS timer settings are used when CE Mode B capable UE is using CE Mode B configuration.

Proposal 1 RAN2 to agree that 
i. UE applies extended NAS timer settings in case UE considers CE levels 2 or 3 at RRC Connection establishment.

ii. UE applies extended NAS timer settings in case UE receives ce-ModeB in RRCConnectionSetup.

iii. Otherwise, UE applies normal NAS timer setting.
A text proposal to TS36.331 is provided in Appendix 1.

3.3 What NAS PDU transmission delay to use?

An estimation of the (maximum) additional delay for a UE operating in deepest CE mode B is not straightforward to produce, and is impacted by several factors (radio layer CE mechanisms and  repetitions on multiple protocol layers, as well as the available radio resource capacity). 
We assume that the event that a “sufficiently long” NAS timer expires is more to be seen as corner cases, and typically the ongoing NAS procedure is interrupted by “lower layer failure”. An exception to this is the SERVICE REQUEST procedure (existing timer value in UE is 5s).
Both for eMTC and NB-IoT, RAN2 need to agree on solution for NAS PDU transmission delay. 

There seems to be two ways forward:

1 RAN2 to agree on NAS PDU transmission delay, fixed in the standard

a. For eMTC CE Mode B, we assume a NAS PDU transmission delay value (expressed as a multiplication factor for the existing NAS timer values) of 4 is sufficient in most cases.

b. For NB-IoT, the value is FFS.

2 RAN2 to agree on a signalling solution, such that the NAS PDU transmission delay value to use is up to network configuration
a. Such solution could be based on System information and dedicated RRC signalling, as well as the agreed RAN3 CR for RNSAP signalling.

We assume that the event that a “sufficiently long” NAS timer expires is more to be seen as corner cases, and typically the ongoing NAS procedure is interrupted by “lower layer failure”. An exception to this is the SERVICE REQUEST procedure (existing timer value in UE is 5s).

Proposal 2 RAN2 to recommend that extended NAS timer settings is introduced as a single NAS PDU transmission delay value (expressed as a multiplication factor for the existing NAS timer values) of K for all NAS timers.
Proposal 3 RAN2 to agree that the value K=5.

4 Conclusion
In this document we have discussed solutions on NAS timer settings for eMTC
We ask RAN2 to discuss and agree on the following
Proposal 4 RAN2 to agree that 

i. UE applies extended NAS timer settings in case UE considers CE levels 2 or 3 at RRC Connection establishment.

ii. UE applies extended NAS timer settings in case UE receives ce-ModeB in RRCConnectionSetup.

iii. Otherwise, UE applies normal NAS timer setting.

Proposal 5 RAN2 to recommend that extended NAS timer settings is introduced as a single NAS PDU transmission delay value (expressed as a multiplication factor for the existing NAS timer values) of K for all NAS timers.
Proposal 6 RAN2 to agree that the value K=5.

In case the above is agreed, we volunteer to provide 

· CR to TS 36.331 (text proposal in Appendix A), and

· LS to RAN3 and CT1
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Appendix 1
From TS36.331 v13.1.0
5.3.3
RRC connection establishment

5.3.3.1
General
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Figure 5.3.3.1-1: RRC connection establishment, successful
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Figure 5.3.3.1-2: RRC connection establishment, network reject

The purpose of this procedure is to establish an RRC connection. RRC connection establishment involves SRB1 establishment. The procedure is also used to transfer the initial NAS dedicated information/ message from the UE to E-UTRAN.

E-UTRAN applies the procedure as follows:

-
to establish SRB1 only.

<cut>
5.3.3.2
Initiation

The UE initiates the procedure when upper layers request establishment of an RRC connection while the UE is in RRC_IDLE.

Upon initiation of the procedure, the UE shall:

<cut>
1>
apply the default physical channel configuration as specified in 9.2.4;

1>
apply the default semi-persistent scheduling configuration as specified in 9.2.3;

1>
apply the default MAC main configuration as specified in 9.2.2;

1>
apply the CCCH configuration as specified in 9.1.1.2;

1>
apply the timeAlignmentTimerCommon included in SystemInformationBlockType2;
1> if UE will use PRACH CE level 2 or 3 at random access, see TS 36.321[6]:
2> indicate to upper layers to apply extended NAS PDU transmission delay;

1>
else:


2> indicate to upper layers to apply normal NAS PDU transmission delay;
1>
start timer T300;

1>
initiate transmission of the RRCConnectionRequest message in accordance with 5.3.3.3;

NOTE 2:
Upon initiating the connection establishment procedure, the UE is not required to ensure it maintains up to date system information applicable only for UEs in RRC_IDLE state. However, the UE needs to perform system information acquisition upon cell re-selection.

5.3.3.3
Actions related to transmission of RRCConnectionRequest message

The UE shall set the contents of RRCConnectionRequest message as follows:

1>
set the ue-Identity as follows:

2>
if upper layers provide an S-TMSI:

3>
set the ue-Identity to the value received from upper layers;

2>
else:

3>
draw a random value in the range 0 .. 240-1 and set the ue-Identity to this value;

NOTE 1:
Upper layers provide the S-TMSI if the UE is registered in the TA of the current cell.

1>
if the UE supports mo-VoiceCall establishment cause and UE is establishing the RRC connection for mobile originating MMTEL voice and SystemInformationBlockType2 includes voiceServiceCauseIndication: 

2> set the establishmentCause to mo-VoiceCall;
1>
else:

2>
set the establishmentCause in accordance with the information received from upper layers;

The UE shall submit the RRCConnectionRequest message to lower layers for transmission.

The UE shall continue cell re-selection related measurements as well as cell re-selection evaluation. If the conditions for cell re-selection are fulfilled, the UE shall perform cell re-selection as specified in 5.3.3.5.

5.3.3.4
Reception of the RRCConnectionSetup by the UE

NOTE:
Prior to this, lower layer signalling is used to allocate a C-RNTI. For further details see TS 36.321 [6];

The UE shall:

1>
perform the radio resource configuration procedure in accordance with the received radioResourceConfigDedicated and as specified in 5.3.10;
1>
if the received radioResourceConfigDedicated contained ce-mode set to ce-ModeB:
2> indicate to upper layers to apply extended NAS PDU transmission delay;
1>
else:


2> indicate to upper layers to apply normal NAS PDU transmission delay;
1>
if stored, discard the cell reselection priority information provided by the idleModeMobilityControlInfo or inherited from another RAT;

1>
stop timer T300;

1>
stop timer T302, if running;

1>
stop timer T303, if running;

1>
stop timer T305, if running;

1>
stop timer T306, if running;
1>
stop timer T308, if running;

1>
perform the actions as specified in 5.3.3.7;

1>
stop timer T320, if running;

1>
stop timer T350, if running;
1>
perform the actions as specified in 5.6.12.4;
1>
stop timer T360, if running;
1>
enter RRC_CONNECTED;

1>
stop the cell re-selection procedure;

1>
consider the current cell to be the PCell;
1>
set the content of RRCConnectionSetupComplete message as follows:

2>
set the selectedPLMN-Identity to the PLMN selected by upper layers (see TS 23.122 [11], TS 24.301 [35]) from the PLMN(s) included in the plmn-IdentityList in SystemInformationBlockType1;

2>
if upper layers provide the 'Registered MME', include and set the registeredMME as follows:

3>
if the PLMN identity of the 'Registered MME' is different from the PLMN selected by the upper layers:

4>
include the plmnIdentity in the registeredMME and set it to the value of the PLMN identity in the 'Registered MME' received from upper layers;

3> set the mmegi and the mmec to the value received from upper layers;

2>
if upper layers provided the 'Registered MME': 

3>
include and set the gummei-Type to the value provided by the upper layers;

2>
if connecting as an RN:

3>
include the rn-SubframeConfigReq;

2>
set the dedicatedInfoNAS to include the information received from upper layers;

2>
if the UE has radio link failure or handover failure information available in VarRLF-Report and if the RPLMN is included in plmn-IdentityList stored in VarRLF-Report:

3>
include rlf-InfoAvailable;

2>
if the UE has MBSFN logged measurements available for E-UTRA and if the RPLMN is included in plmn-IdentityList stored in VarLogMeasReport:

3>
include logMeasAvailableMBSFN;

2>
else if the UE has logged measurements available for E-UTRA and if the RPLMN is included in plmn-IdentityList stored in VarLogMeasReport:

3>
include logMeasAvailable;

2>
if the UE has connection establishment failure information available in VarConnEstFailReport and if the RPLMN is equal to plmn-Identity stored in VarConnEstFailReport:

3>
include connEstFailInfoAvailable;

2>
include the mobilityState and set it to the mobility state (as specified in TS 36.304 [4]) of the UE just prior to entering RRC_CONNECTED state;

2>
if the UE supports storage of mobility history information and the UE has mobility history information available in VarMobilityHistoryReport:

3>
include the mobilityHistoryAvail;

2>
submit the RRCConnectionSetupComplete message to lower layers for transmission, upon which the procedure ends;
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