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1 Introduction
During RAN2#97bis it was agreed to have an email discussion on enhanced RLM reporting for feMTC:
[97bis#37][LTE/feMTC] Enhanced RLM (Ericsson)

· Email discussion (feMTC) on enhanced RLM, to the next meeting, to arrive at agreeable CR (Ericsson)
· Deadline: 04/27/2017

The deadline of the email discussion is Thursday, 2016-04-27, 23:59 Pacific Time. 
This report gives a summary of this email discussion.
2 Background

RAN2#97bis

There was an incoming LS from RAN4 about enhanced RLM for both NB-IoT [1] and feMTC [2]. For NB-IoT it was agreed:

· Cannot do this work in the scope of Rel-14, not in the exception sheet

· Chair observation: There seems to be significant support, could potentially be considered for Rel-15. 

For feMTC it was agreed:

· Ok we attempt to do this in Rel-14 for MTC. 

A reply LS was sent to RAN4 [3], which stated:

For eNB-IoT, in view of the late stage of Rel-14 and the topic is not included in the exception sheet, RAN2 thinks that the RLM enhancement cannot be supported in Rel-14.

As for feMTC, RAN 2 intends to introduce support for the new UE reporting events (and the reported information) for enhancing RLM in Rel-14 and CRs will be discussed at next meeting.

The contributions for enhanced RLM in feMTC were not treated [4], [5], [6], but an/this email discussion was agreed. Both contributions [5] and [6] proposed to report the RLM events via the UE Assistance Information procedure.
RAN4#82bis
RAN4 discussed the enhanced RLM for feMTC further and approved a way forward [7] where the following topics need to be discussed/agreed further in RAN4: 
· Trigger condition early Qin/Qout:

· modified BLER percentage or modified transmission parameters
· Evaluation periods for early Qin/Qout 
· Reporting of optional UE information: 
· Combined recommended repetition for MPDCCH with excessive repetition for MPDCCH
· Recommended aggregation level for MPDCCH
· Recommended CE mode
RAN4 agreed that PDSCH related indication (e.g. repetitions) is excluded in Rel-14. 
3 Discussion
The following topics will be discussed for the positioning procedures:

1. L3 filtering

2. Control of event/information reporting

3. UE capability

For each issue a short background information is provided.

L3 filtering
Similar as with the existing out-of-sync and in-sync indications from lower layers, the early-out-of-sync and early-in-sync indications can be provided by the lower layers every 10 ms. 
NOTE: the existing out-of-sync and in-sync, i.e. detection and recovery of physical layer problems remains unchanged with the introduction of “earlyQin/earlyQout”, i.e. “earlyQin/earlyQout” does not influence detection of radio link failure. 
Early-out-of-sync should be considered an early detection of physical layer problems and an indication that the UE is “under-configured”. Early-in-sync should be considered a detection of physical layer improvements and an indication that the UE is “over-configured”. In the former case configuration of higher number of repetitions and/or higher aggregation level on MPDCCH might prevent a pending RLF. In the latter case power and network resources might be saved with fewer repetitions and/or lower aggregation level on MPDCCH. The RLM reporting might also indicate the need for a CE mode change, if applicable.

L3 filtering of the lower layer indications is required to determine accurately that the UE is under/over-configured, i.e. a single lower layer indication does not justify RRC signalling towards the eNB yet. Furthermore recovery/cancellation during the detection process should be allowed, i.e. the UE might start to experience deterioration or improvement of the link, but then experience the oppositve. The L3 filtering for “earlyQin/earlyQout” can re-use the same mechanism as used with RLF detection. After N310 consecutive out-of-sync’s T310 is started, and when no N311 in-sync’s are received before T310 expires, RLF is declared: 
[image: image1.png]2
—
m
W\

DL radio link quality

'
'
'
'
'
'
'
'
'
|
'
Qin In H Qout
I
'
'
!
¥

Qout
evaluation Sync evaluation SYN¢ evaluation Sync RLF
I period period period
M 111 t
v Y >
Start Start
T310 Cancel T310/

T310

47





Figure 1: L3 filtering with RLF. 

It is important that the N310/T310 values are re-used for earlyQout detection, otherwise earlyQout detection might happen after RLF (e.g. when higher counter/timer value would be used for earlyQout):  
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Figure 2: earlyQout and earlyQin.

The existing L3 filtering principles for RLF detection should be re-used for “earlyQout/earlyQin” detection: 

Issue 1: Use N310/T310 values for L3 filtering of “earlyQout” and N311/T310 for L3 filtering of “earlyQin”
NOTE: N311 consecutive Qin’s cancel a pending “earlyQout” report and N310 consecutive “earlyQout” cancel a pending “earlyQin” report. 
	Company
	Comments

	Ericsson
	This avoid introducing new counters, and also ensure correct triggering points for the new events. RAN4 decides on the trigger conditions for “earlyQin/earlyQout” (e.g. BLER percentage) and RAN4 assumes no changes in L3 filtering from that perspective. 

	Intel
	We would prefer to introduce new counters and timers for the L3 filtering of the early in-sync (N311* and T311*) and early out-sync indication (N310* and T310*) from L1. We think that the usage of the counters and timers should be as follow:

Early in-sync event reporting trigger:

When consecutive N311* early in-sync indication is indicated from L1, the T311* timer is started. If consecutive N311 in-sync indication or 1 early out-sync indication or 1 out-sync indication is indicated from L1 when T311* timer is running, the T311* timer is stopped and no early in-sync event reporting is triggered. If T311* timer expires, the early in-sync event reporting is triggered.

Early out-sync event reporting trigger:

When consecutive N310* early out-sync indication is indicated from L1, the T310* timer is started. If consecutive N311 in-sync indication or 1 early in-sync indication is indicated from L1 when T310* timer is running, the T310* timer is stopped and no early out-sync event reporting is triggered. If T310* expires, the early out-sync event reporting is triggered

	ZTE
	Basically agree with Ericsson.
For simplicity, we think it’s not so necessary to introduce separate counters and timers for earlyQout/Qout or earlyQin/Qin, as Intel’s suggestion. 
We think it’s feasible to reuse N310/N311 values and only define new timers T3xx/T3yy for “earlyQout” /“earlyQin” reporting trigger.
Furthermore, during running of T3xx(e.g. for “earlyQout” ),it’s only need to detect early in-sync indication. And during T3yy(e.g. for “earlyQin”), only early out-sync indication detection is needed. 

	LG
	We don’t think the mechanism using timers & counters for enhanced RLM function is really needed. UE & eNB can handle those situations with the CQI reporting. Through CQI reporting, eNB can figure out specific UE’s signal quality so that the eNB are able to reconfigure UE for the enhanced RLM. 
Thus, we don’t prefer to introduce counters and timers mechanism for the early in-sync or early out-sync. 

	Qualcomm
	Agree with Ericsson.


Control of event/information reporting
The UE assistance information procedure, when configured, allows the UE to indicate its preference or change of preference (e.g. power saving and bandwidth preference). The frequency with which the UE can indicate a change is controlled with a prohibit timer (e.g. T340 and T341). 

The eNB is assumed to act on the enhanced RLM reports (e.g. with RRC reconfiguration), otherwise it would not bother to configure these report. However the eNB might have reasons not to act (immediately), and excessive reporting from the UE should be prevented, i.e. a prohibit timer for RLM event reporting is required. 
The eNB might or might not find the optional RLM information useful to be reported, i.e. the RLM information (i.e. recommended MPDCCH repetitions, recommended MPDDCH aggregation level and recommended CE mode) is only reported, when configured by the eNB: 
Issue 1a: Introduce prohibit timer with RLM event reporting
Issue 1b: The UE shall only report RLM information (i.e. recommended MPDCCH repetitions, recommended MPDDCH aggregation level and recommended CE mode) when configured by the network

	Company
	Comments

	Ericsson
	1a: similar prohibit timer exists for power/bandwidth preference.
1b: it should be possible to activate/deactivate the RLM information reporting, depend on the need in the eNB for this information. 

	Intel
	1a: We are fine to support prohibit timer to prevent too frequent reporting. 
1b: The RLM information reporting should be configured by the eNB. UE supporting the RLM information shall only report them if it is configured by the eNB.

	ZTE
	1a: We think it’s necessary to support prohibit timer to prevent continuous “earlyQout” reporting, especially in the case that the reporting doesn’t trigger any action in eNB.

1b: Agree with Ericsson that RLM information is reported only when it is configured by the network
However, we have different understanding for the following definition in Ericsson’s CR:

      rlm-Event-r14
    ENUMERATED {earlyOutOfSync, earlyInSync} 

We think earlyOutOfSync and earlyInSync events can be configured at the same time, so it may be not correct to use ENUMERATED type. We give the following modification example:
rlm-Event-r14 ::=
SEQUENCE (SIZE (1..2)) OF rlm-Event-Info

rlm-Event-Info   ENUMERATED {earlyOutOfSync, earlyInSync}

	LG
	1a: As we mentioned above, because eNB control the function of the enhanced RLM through CQI reporting, we don’t prefer new prohibit timer. 
1b: We think UE recommendation doesn’t be needed. The new decision of MPDCCH repetition, MPDDCH aggregation level or CE mode should be made by eNB. UE should just report the enhanced RLM event when the UE need to get a reconfiguration for RLM information.

	Qualcomm
	Agree with Ericsson and Intel.


UE capability
The RLM event reporting (early-out-of-sync, early-in-sync) is (obviously) an optional UE capability for BL UE and UE supporting CE. For the UE to support reporting the RLM information (i.e. recommended MPDCCH repetitions, recommended MPDDCH aggregation level and recommended CE mode) is additional implementation effort, and the eNB may choose not to configure this, i.e. reporting of RLM information is also optional for the UE to support: 
Issue 1a: Introduce optional UE capability for RLM event reporting for BL/CE UE in REL-14.
Issue 1b: Introduce optional UE capability for RLM information reporting for BL/CE UE in REL-14.
	Company
	Comments

	Ericsson
	Alternatively there is a single optional UE capability in our view (i.e. we prefer to limit the number of capabilities, instead of increasing them). 

	Intel
	1a: This RLM event reporting is obviously an optional UE capability.

1b: Also as mentioned, each of the RLM information is additional implementation effort. Hence each RLM information should be optionally supported by the UE (i.e. on capability signalling bit for each RLM information).

	ZTE
	Only one optional UE capability for enhanced RLM is needed (e.g. RLM event reporting and RLM information reporting should be supported or not supported together).

	LG
	1a: Agree
1b: each of the RLM information is not needed as we mentioned about the control of event/information reporting. How to reconfigure UE would rather be up to eNB implementation.

	Qualcomm
	Is there really a need to have UE capability? If eNB does configure UE to report report Qin/Qout events but UE ignores this configuration (because UE does not support this feature), then the system will still work (i.e. eNB won’t get any report and it will work as UE does not support this feature). I don’t think there is inter-operability issue.


4 Summary of email discussion
Five companies replied to this email discussion.
Issue 1: Use N310/T310 values for L3 filtering of “earlyQout” and N311/T310 for L3 filtering of “earlyQin”

Three companies think that N310/T310 values can be re-used for L3 filtering of “earlyQout” and “earlyQin”. One company thinks that new timers and counters are needed with new rules. And one company thinks that no L3 filtering is needed. 

Issue 2a: Introduce prohibit timer with RLM event reporting

Four companies think that a prohibit timer is needed, one company thinks no prohibit timer is needed.

Issue 2b: The UE shall only report RLM information (i.e. recommended MPDCCH repetitions, recommended MPDDCH aggregation level and recommended CE mode) when configured by the network

Four companies think that the eNB should control whether the UE can send RLM information, one company thinks that UE shall not sent this information anyways, i.e. that the eNB can determine this.

Issue 3a: Introduce optional UE capability for RLM event reporting for BL/CE UE in REL-14.

Issue 3b: Introduce optional UE capability for RLM information reporting for BL/CE UE in REL-14.

Two companies think there should be a single UE capability. Once company thinks there should be a UE capability per RLM information type as well. One company thinks that the RLM information should not be supported at all. One company thinks no UE capability is needed.
5 Proposed way forward
A limited number of companies replied, but based on the existing feedback it is proposed:
Proposal 1: Introduce a (simple) L3 filtering scheme for enhanced RLM

Proposal 2: Introduce a prohibit timer with enhanced RLM

Proposal 3: The UE shall only report RLM information (i.e. recommended MPDCCH repetitions, recommended MPDDCH aggregation level and recommended CE mode) when configured. 

Proposal 4: Enhanced RLM is an optional feature indicated via UE capability signalling. There is an additional UE capability (one) which indicates whether the UE can report RLM information.
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