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Introduction
In RAN1 AH#3 meeting, agreements about RLM were made as following:
Agreements
1     For a cell group, 
	•  A single IS or OOS is reported by the UE 
	•  A single IS BLER is configured for a UE at time
	•  A single OOS BLER is configured for a UE at a time
	•  Configurable from two pairs of values for IS/OOS BLERs
	        - Detailed pair of values up to RAN4 to decide
	• FFS whether the configuration is an explicit RRC configuration or implicitly derived from other parameter
	• FFS the case of URLLC & mMTC
From the agreements we can conclude that two pairs of IS/OOS BLERs are used for RLM, and from the RAN1#90bis meeting, further agreement were made:
Agreements
1    The IS/OOS threshold pair index to be used by a UE is explicitly indicated by RRC
	•  IS/OOS threshold pair index corresponds to a specific IS/OOS threshold pair (to be defined by RAN4)
	•  FFS on default IS/OOS threshold pair index
The IS/OOS threshold pair is explicitly indicated by RRC configuration. As the IS/OOS threshold pair can be changed by RRC, the impact of the threshold change on RLM Counter and Timer should be discussed.
Discussion
Impact on RLM counter
As two IS/OOS threshold pairs are introduced, IS threshold-1 and OOS threshold-1 are used to represent the higher threshold pair, IS threshold-2 and OOS threshold-2 are used to represent the lower threshold. The channel quality can be divided into 5 levels as shown in Figure 1.


Figure 1 two threshold pairs
Case 1: When the threshold is changed from higher one to the lower one
1) OOS counter
Before the threshold is changed, the signals with quality of level4 and level5 is counted into the OOS counter, but after the threshold is changed to the lower one, only the reference signals whose quality is located in level5 should be counted into OOS counter. The previous OOS counter value is not valid thus the OOS counter should be reset. 
2) IS counter
Before the threshold is changed, only the signals with quality of  level1 will be counted into the IS counter, but after the threshold is changed to the lower one, the monitor signals whose quality are located into level1 and level2 should be counted into IS counter. The IS counter value is still valid as the monitor signals whose quality fulfil the higher standard also satisfy the lower standard. Therefore, the IS counter should be kept. 
Case 2: When the threshold is changed from lower one to the higher one
1) OOS counter
Before the threshold is changed, only the signals with quality in level5 are counted into the OOS counter. After the threshold is changed to the higher one, the monitor signals whose quality are located into level5 and level4 should be counted into OOS counter. The OOS counter value is still valid as the monitor signals whose quality fulfils the lower standard also satisfy the higher standard. The OOS counter should be kept. 
2) IS counter
Before the threshold is changed, the signals with quality in level1 and level2 is counted into the IS counter, but after the threshold is changed to the higher one, only the monitor signals whose quality are located into level1 should be counted into IS counter. The IS counter value is not valid which can’t reflect the channel quality based on the new requirement as the monitor signals whose quality are located into level2 also be counted, so in this case the IS counter should be reset. 
Proposal 1a: When the threshold is changed to the lower one, OOS counter should be reset and IS counter should be kept. 
Proposal 1b: When the threshold is changed to the higher one, IS counter should be reset and OOS counter should be kept.
Impact on RLM timer
As for the impact on RLM timer i.e. T310, if the T310 is running, the T310 is stopped when RRC received N311 consecutive IS indications from lower layer. When T310 is running, only the IS counter is running.  The impact on T310 is derived from the impact on the IS counter. If the T310 is not running, only the OOS counter is running, the T310 should only be started when RRC received N310 consecutive OOS indication from lower layer. No enhancement is needed for the starting of T310.
· case 1: When the threshold is changed from higher one to the lower one
This change stands for the channel quality requirement is decreased. The IS counter is still valid. But the current IS counter value may be lower than that if the IS counter value is always counted based on the lower threshold during the same period
1) The channel quality always fulfill the lower threshold, but doesn’t fulfill the higher threshold, as the above Figure show, most of the monitor signals quality are located in level2, but the counter only count the monitor signals whose quality are located in level1. The IS counter value is not large enough to stop the T310 timer running, but after the threshold changed to the lower one, the T310 spare time is not long enough to complete N311 IS indication. the UE may report RLF though the channel quality is satisfied the channel quality requirement. 
2) The case that most of the reference signal can’t fulfill the lower threshold may also occur where RLF may be triggered soon.
· case 2: When the threshold is changed from lower one to the higher one
This change stands for the channel quality requirement is increased and stricter. As above discussed, the IS counter is not valid. The IS counter should be reset. 
1) After T310 is running a period, the obstacle is moved, and the channel quality can fulfill the higher threshold. But the IS counter value is low, and then the threshold is changed to the higher one, the IS counter is reset though the most of the reference signal can fulfill the higher threshold which may lead to unnecessary RLF report due to the T310 spare time is not long enough to complete N311 IS indication.
2) The channel quality can’t fulfill the higher threshold, RLF should report as soon as possible.
In order to solve the above identified problem, the following options are discussed.
· Option 1: only restart 310 when threshold changed to lower one
When the threshold is changed to the lower one, if T310 is running, restart it. This can avoid unnecessary RLF report and correspond to the decreased channel quality requirement. When the threshold is changed to the higher threshold, if T310 is running, continue T310 due to the higher channel quality requirement, UE should report the RLF as soon as possible.
· Option 2:  restart T310 when the threshold is changed
When the threshold is changed, if T310 is running, restart it. This option can avoid unnecessary RLF report, and it is simple to implement.
· Option 3: condition restart T310
When the threshold is changed, if T310 is running, if the IS counter value is higher than a threshold which configured by the network, restart it, otherwise, continue T310. As RRC can’t get the explicit signal quality from the IS indication. RRC can only to judge the quality from the value of the IS counter. If the IS counter value is higher than a threshold, RRC can consider the channel quality is good enough to restart the T310 to avoid the unnecessary RLF report, otherwise RRC will continue the T310. Threshold can be configurable, and even two thresholds can be configured individually for two cases.  However this option is complex.
· Option 4: no enhancement
When the threshold is changed, if T310 is running, continue T310. No enhancement is introduced. This option is simple, but may lead in unnecessary RLF report and transmission delay.
As for case 1, due to the lower threshold means lower channel quality requirement, in order to avoid unnecessary RLF report when the threshold change to the lower one, the T310 should be restarted. As for case 2, considering the channel quality requirement is stricter, UE should avoid to delay the RLF report and the radio link recovery procedures. Take the implementation complexity into consideration as well, option 1 is preferred.
Proposal 2a: When the RLM threshold is changed to the lower one, if T310 is running, restart it considering the decreased channel quality requirement. 
Proposal 2b: When the threshold is changed to the higher one, if T310 is running, continue it, considering the stricter requirement of the channel quality.
Conclusion
In this contribution, we discuss the impact on the RLM counters and timer T310 when the threshold of the RLM is changed, and propose:
Proposal 1a: When the threshold is changed to the lower one, OOS counter should be reset and IS counter should be kept. 
Proposal 1b: When the threshold is changed to the higher one, IS counter should be reset and OOS counter should be kept.
Proposal 2a: When the RLM threshold is changed to the lower one, if T310 is running, restart it considering the decreased channel quality requirement. 
Proposal 2b: When the threshold is changed to the higher one, if T310 is running, continue it, considering the stricter requirement of the channel quality.
[bookmark: _GoBack]A TP capturing proposals is provided in the Annex.
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------------------------------------------------------ First change -----------------------------------------------------------------
[bookmark: _Toc501138192][bookmark: _Toc500942628]5.3.5.5.6	RLF Timers & Constants configuration
The UE shall:
1>	if the received rlf-TimersAndConstants is set to release:
Editor’s Note: In EN-DC, rlf-TimersAndConstants cannot be released. Standalone part to be complete by June 2018.
2>	stop timer T310 for this cell group, if running, and 
2>	release the value of timer t310 as well as constants n310 and n310 for this cell group;
2>configure the rlmInSyncOutOfSyncThreshold to 0 for that cell group i.e. the default RLM threshold
1>	else:
2>	reconfigure the value of timers and constants in accordance with received rlf-TimersAndConstants;
2>if the rlf-TimersAndConstants doesn’t include the rlmInSyncOutOfSyncThreshold and the UE hasn’t configured RLM threshold, the UE shall:
   3>configure the rlmInSyncOutOfSyncThreshold to 0 for that cell group i.e. the default RLM threshold.
2> else if the rlf-TimersAndConstants includes the rlmInSyncOutOfSyncThreshold, the UE shall:
3> if the rlmInSyncOutOfSyncThreshold is 0,
     4> if the current rlmInSyncOutOfSyncThreshold of that cell group is 1:
         5> reset the “out-of-sync” counter, if T310 is running, restart T310 for that cell group.
     4> set the rlmInSyncOutOfSyncThreshold to 0 for that cell group.
3> else (rlmInSyncOutOfSyncThreshold is 1)
    4> if the current rlmInSyncOutOfSyncThreshold is 0:
         5> reset the “in-sync” counter for that cell group.
4> set the rlmInSyncOutOfSyncThreshold to 1 for that cell group




1
R2-1802619

----------------------------------------------------------------------------------- Second change --------------------------------------------------------------------------------------------------
[bookmark: _Toc494150092]–	RLF-TimersAndConstants
Editor’s Note: FFS / TODO: Insert the RLF timers and related functionality. Check what is needed for EN-DC.
The RLF-TimersAndConstants IE is used to configure UE specific timers and constants. 
RLF-TimersAndConstants information element

-- ASN1START
-- TAG-RLF-TIMERS-AND-CONSTANTS-START

RLF-TimersAndConstants ::= 		SetupRelease {RLF-Config}

RLF-Config  ::=   SEQUENCE {
			t310								ENUMERATED {ms0, ms50, ms100, ms200, ms500, ms1000, ms2000, ms4000, ms6000},
			n310								ENUMERATED {n1, n2, n3, n4, n6, n8, n10, n20},
			n311								ENUMERATED {n1, n2, n3, n4, n5, n6, n8, n10},
            rlmInSyncOutOfSyncThreshold                 ENUMERATED {0,1}         OPTIONAL,	-- Need M
			...
		}
}

-- TAG-RLF-TIMERS-AND-CONSTANTS-STOP
-- ASN1STOP

	RLF-TimersAndConstants field descriptions

	n3xy
Constants are described in section 7.4. n1 corresponds with 1, n2 corresponds to 2 and so on.

	t3xy
Timers are described in section 7.3. Value ms0 corresponds with 0 ms, ms50 corresponds to 50 ms and so on.

	rlmInSyncOutOfSyncThreshold
Index corresponds to one of the two IS/OOS threshold pair for RLM, value 0 is the default value, which corresponds to the LTE-like IS/OOS threshold, value 1 corresponds with the higher threshold pair.
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