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1 Introduction

In this document, we discuss RAN4 RLM requirements and RLF for CE, and propose to add extended values for T310 timer for CE mode B.
This proposal was earlier discussed and noted without agreement at RAN2#93bis [3]. However, longer values for T310 timer (to account for increased detection times) have been introduced for NB-IoT, see appendix B.
2 Discussion
2.1 RAN4 RLM requirements and RLF parameters
(This background was also presented in [3].)
RAN4 agreed in R4-161299 the following minimum requirements for radio link monitoring (RLM) for Cat M1 UE in CE Mode A and B:

CE Mode A:
7.19.2.1
Minimum requirement when no DRX is used

When the downlink radio link quality of the PCell estimated over the last 400 ms period becomes worse than the threshold Qout_CatM1, Layer 1 of the UE shall send an out-of-sync indication for the PCell to the higher layers within 400 ms Qout_CatM1 evaluation period. A Layer 3 filter shall be applied to the out-of-sync indications as specified in TS 36.331 [2].

When the downlink radio link quality of the PCell estimated over the last 200 ms period becomes better than the threshold Qin_CatM1, Layer 1 of the UE shall send an in-sync indication for the PCell to the higher layers within 200 ms Qin_CatM1 evaluation period. A L3 filter shall be applied to the in-sync indications as specified in TS 36.331 [2].

The out-of-sync and in-sync evaluations of the PCell shall be performed as specified in clause 4.2.1 in [3]. Two successive indications from Layer 1 shall be separated by at least 10ms.

The transmitter power of the UE shall be turned off within 40 ms after expiry of T310 timer as specified in clause 5.3.11 in TS 36.331 [2].
CE Mode B
7.19.4.1
Minimum requirement when no DRX is used

When the downlink radio link quality of the PCell estimated over the last 4000 ms period becomes worse than the threshold Qout_CatM1, Layer 1 of the UE shall send an out-of-sync indication for the PCell to the higher layers within 4000 ms Qout_CatM1 evaluation period. A Layer 3 filter shall be applied to the out-of-sync indications as specified in TS 36.331 [2].

When the downlink radio link quality of the PCell estimated over the last 2000 ms period becomes better than the threshold Qin_CatM1, Layer 1 of the UE shall send an in-sync indication for the PCell to the higher layers within 2000 ms Qin_CatM1 evaluation period. A L3 filter shall be applied to the in-sync indications as specified in TS 36.331 [2].
The out-of-sync and in-sync evaluations of the PCell shall be performed as specified in clause 4.2.1 in [3]. Two successive indications from Layer 1 shall be separated by at least 10ms.

The transmitter power of the UE shall be turned off within 40 ms after expiry of T310 timer as specified in clause 5.3.11 in TS 36.331 [2].

The figures below illustrate how the RLM requirements relate to the radio link failure (RLF) parameters T310, N310 and N311:

2.2 Impacts on RLF criteria

(This discussion was also presented in [3].)
Given the RAN4 minimum RLM requirements for CE Mode B, it is unlikely a UE will recover from out-of-service (N311 consecutive "in-sync" indications for the PCell from lower layers while T310 is running) with existing maximum value of T310 (2000 ms). This means there no means for UE to recover from out of coverage, once “physical layer problems” have been detected.

For CE Mode A, there seems to be no problem on T310 value range.
We consider it important that the existing principles for RLF triggering (including both detection and recovery from “physical layer problems”) are maintained also for eMTC. Hence, we propose to extend the T310 value range with the values 4000 and 6000 ms for UE that support CE Mode B.

Proposal 1 Extend the T310 value range with the values 4000 and 6000 ms for UE that support CE Mode B
As the ASN.1 is “frozen”, a compatibility analysis is needed:
a) T310 is included in UE-TimersAndConstants in SystemInformationBlockType2 (mandatory present). T310 extensions can be included as traditional non-critical extensions. A UE supporting CE Mode B should ignore the legacy T310 value.
b) T310 is included in RLF-TimersAndConstants in RadioResourceConfigDedicated. Also here, the T310 value range can be extended with a non-critical extension.

c) “Early” UE (based on Rel-13 TS36.331 March 2016) that supports CE Mode B, will not understand late-added T310 extended values, and use legacy values. However, as the impact is isolated to RLF recovery, no real inter-operbility issues are foreseen, in case “early” UE uses the legacy T310 value. No UE capability indicator (to indicate UE support of the extended T310 values) seems needed.
3 Conclusion

In this document, we have discussed minimum RLM requirements for eMTC and impact on RLF parameters.
Since longer values for T310 timer (to account for increased detection times) are introduced for NB-IoT, see appendix B, this motivates introduction of extended T310 timer values also for eMTC.
We ask RAN2 to discuss and agree on the following proposal:

Proposal 2 Extend the T310 value range with the values 4000 and 6000 ms for UE that support CE Mode B

A draft CR is provided in [2].
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Appendix A. From TS36.331

5.3.11
Radio link failure related actions

5.3.11.1
Detection of physical layer problems in RRC_CONNECTED

The UE shall:

1>
upon receiving N310 consecutive "out-of-sync" indications for the PCell from lower layers while neither T300, T301, T304 nor T311 is running:

2>
start timer T310;

1>
upon receiving N313 consecutive "out-of-sync" indications for the PSCell from lower layers while T307 is not running:

2>
start T313;

NOTE:
Physical layer monitoring and related autonomous actions do not apply to SCells except for the PSCell.

5.3.11.2
Recovery of physical layer problems

Upon receiving N311 consecutive "in-sync" indications for the PCell from lower layers while T310 is running, the UE shall:

1>
stop timer T310;
1>
stop timer T312, if running;

NOTE 1:

In this case, the UE maintains the RRC connection without explicit signalling, i.e. the UE maintains the entire radio resource configuration.

NOTE 2:

Periods in time where neither "in-sync" nor "out-of-sync" is reported by layer 1 do not affect the evaluation of the number of consecutive "in-sync" or "out-of-sync" indications.

Upon receiving N314 consecutive "in-sync" indications for the PSCell from lower layers while T313 is running, the UE shall:

1>
stop timer T313;
5.3.11.3
Detection of radio link failure

The UE shall:

1>
upon T310 expiry; or
1>
upon T312 expiry; or

1>
upon random access problem indication from MCG MAC while neither T300, T301, T304 nor T311 is running; or

1>
upon indication from MCG RLC that the maximum number of retransmissions has been reached for an SRB or for an MCG or split DRB:

2>
consider radio link failure to be detected for the MCG i.e. RLF;

<cut>

Appendix B. From TS36.331

RLF-TimersAndConstants-NB-r13 ::=
CHOICE {


release







NULL,


setup







SEQUENCE {



t301-r13






ENUMERATED {













ms2500, ms4000, ms6000, ms10000,  













ms15000, ms25000, ms40000, ms60000},



t310-r13






ENUMERATED {













ms0, ms200, ms500, ms1000, ms2000, ms4000, ms8000}, 



n310-r13






ENUMERATED {













n1, n2, n3, n4, n6, n8, n10, n20},



t311-r13






ENUMERATED {













ms1000, ms3000, ms5000, ms10000, ms15000,













ms20000, ms30000},



n311-r13






ENUMERATED {













n1, n2, n3, n4, n5, n6, n8, n10},


...

}

}

UE-TimersAndConstants-NB-r13 ::=
SEQUENCE {


t300-r13






ENUMERATED {












ms2500, ms4000, ms6000, ms10000,












ms15000, ms25000, ms40000, ms60000},


t301-r13






ENUMERATED {












ms2500, ms4000, ms6000, ms10000,  












ms15000, ms25000, ms40000, ms60000},


t310-r13






ENUMERATED {












ms0, ms200, ms500, ms1000, ms2000, ms4000, ms8000}, 


n310-r13






ENUMERATED {












n1, n2, n3, n4, n6, n8, n10, n20},


t311-r13






ENUMERATED {












ms1000, ms3000, ms5000, ms10000, ms15000,












ms20000, ms30000},


n311-r13






ENUMERATED {












n1, n2, n3, n4, n5, n6, n8, n10},

...
}
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