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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In the RAN4-85, there was progress on RLM but there are still some aspects that need further study 
· INS/OOS evaluation period 
· When RLM resources are overlapped with measurement gap (MG)
· When RLM resources misalign with onDuration in DRX mode
· Minimum separation of two successive L1 INS/OOS indications when RLM resources are not fully aligned with onDuration in DRX mode
· Other UE behaviors
· Upon Timer is started: DRX mode to non-DRX
· Timer is expired: TX behavior

In this contribution, we provide analysis on these aspects. 
2      INS/OOS evaluation period when RLM resources are overlapped with MG
In RAN1-91, the below agreement is made. RLM-RS will exist within active DL BWP so that RLM with gap is no more needed. However it is possible that RLM-RS is partially or fully overlapped with MG in time domain. In these cases UE may need to choose either RLM or RRM. The corresponding requirements on these two cases shall be studied.
· RLM resources are partially overlapped with MG
· RLM resources are fully overlapped with MG
RAN1-91 Agreement:
Agreements:
· UE is not required to perform RLM measurements outside the active DL BWP
· Note: RAN4 is discussing RLM requirements and need for measurement gaps. 





Observation 1: According to RAN1-91 agreement, there is no RLM with gap. 

2.1 	RLM resources are partially overlapped with measurement gap
As shown in figure 1, RLM resources are partially overlapped with MG. If UE always skips the RLM-RS colliding with MG, all MG can be reserved for intra frequency measurement with gap and inter frequency measurement. There is one advantage that Inter frequency measurement and intra frequency measurement with gap can be decoupled with RLM.  
In this scenario, we assume that the RLM resource periodicity is always shorter than MGRP. There are multiple RLM occasions per MGRP, but one RLM occasion is punctured by MG. Then, to accumulate sufficient number of valid RLM samples, extending INS/OOS evaluation should be considered. Denote PRLM is the number of RLM occasions per MGRP, then the overall evaluation period should be scaled by the factor PRLM / (PRLM -1).
[bookmark: _Ref503469100]Proposal 1: When RLM resources are partially overlapped with measurement gap, overall INS and OOS evaluation periods shall be scaled by (PRLM / (PRLM -1) ) and then rounded up.
· OOS evaluation period = ceil(PRLM/(PRLM-1) *[10])* max(20, RLM-RS periodicity) ms
· INS evaluation period =  ceil(PRLM/(PRLM-1) *[5])* max(20, RLM-RS periodicity) ms


[image: ]
Figure 1: RLM resources are partially overlapped with MG

2.2 	RLM resources are fully overlapped with measurement gap
Gap sharing in intra frequency measurement without gap is needed, when all SMTC occasions are fully overlapped with MG. The concept can be extend to the case that RLM resources are fully overlapped with MG. In summary, MGs may be shared by RLM, intra frequency measurement and inter frequency measurement. 
[bookmark: _Ref503469116]Proposal 2: RLM with gap sharing shall be introduced when RLM resources are fully overlapped with MG.
Assume RLM gap sharing factor KRLM. No matter whether KRLM comes from RRC or is predefined, INS/OOS evaluation periods shall be scaled up with KRLM and then rounded up in the unit of RLM resources periodicity. UE will base on the gap sharing parameters to arrange the RRM and RLM behaviors. Network shall guarantee a feasible combination of gap sharing factors.
	Gap sharing parameters
	Value

	Kintra: Intra measurement
	1/ Xintra *100

	KRLM: RLM
	1/ XRLM *100

	Kinter: Inter measurement
	1/Xinter *100

	Note: Xintra (%) means the percentage of gap sharing for intra-frequency  measurement
Note: XRLM (%) means the percentage of gap sharing for RLM
Note: Xinter (%) means the percentage of gap sharing for inter-frequency measurement
Note: Network shall guarantee a feasible combination of gap sharing factors 



[bookmark: _Ref503469142]Proposal 3: When RLM resources are fully overlapped with MG, requirements under gap sharing factor KRLM becomes
· OOS evaluation period = ceil(KRLM *[10])* max(RLM-RS periodicity, MGRP) ms
· INS evaluation period = ceil(KRLM *[5])* max(RLM-RS periodicity, MGRP) ms

[bookmark: _Ref502756073]2.3  	RLM resources misalign with onDuration in DRX mode
The definition of misalignment between RLM resources and onDuration is not defined in RAN4. The definition shall be clear in order to specify UE RLM behaviour. When timing difference between RLM resources and onDuration is larger than [1] slot, RLM resources and onDuration are misaligned.
[bookmark: _Ref503469151]Proposal 4: Mis-alignment between RLM resources and onDuration is defined by the case when timing difference between RLM resources and onDuration is larger than [1] slot.
Extending evaluation period can provide the flexibility to schedule RLM procedure for UE. UE can reduce the need to wake up in Off-duration for RLM measurement only. It is very beneficial to minimize UE power consumption. Therefore the scaling factor KRLM-DRX of 1.5 for OOS/INS evaluation period shall be introduced when RLM resources misalign with onDuration in DRX mode.
[bookmark: _Ref502756079][bookmark: _Ref503469158]Proposal 5: Evaluation periods are scaled by KRLM-DRX = 1.5 when RLM resources misalign with onDuration in DRX mode.

3	 Minimum separation of two successive L1 INS/OOS indications when RLM resource are not fully aligned with onDuration in DRX mode

In last RAN4 meeting, the contents about separation of two successive L1 INS/OOS indications was agreed as follows:
	The out-of-sync and in-sync evaluations for the configured RLM-RS resources shall be performed as specified in clause TBD in [Ref 38.213]. Two successive indications from Layer 1 shall be separated by TIndication_interval. TIndication_interval is max(10ms, TSSB) when DRX is not used, and max(10ms, TSSB, TDRX) when DRX is used.


One of the difference to LTE is that the separation of 2 successive L1 indications in NR is separated by a fixed interval. But in LTE, we have the following.
	The out-of-sync and in-sync evaluations of the PCell or PSCell shall be performed as specified in clause 4.2.1 in [3]. Two successive indications from Layer 1 shall be separated by at least 10 ms.


The separation is not specified as a fix value, but is lower bounded by 10ms. Actually, we see the need to follow LTE’s concept of lower bound in NR. The following case provides an example.
· DRX cycle length = 64ms
· RLM resource periodicity = 40ms
· L.c.m(DRX cycle, MGRP) = 320ms = 5 DRX cycle
As shown in Figure 2, it is not guaranteed that UE can have the RLM-RS for evaluation at every DRX onDuration. At the instance of DRX_2, UE may be forced to wake up early to catch the RLM-RS (SSB occasion#3) during offDuration, leading to additional UE power consumption. If the separation is specified as a lower bound like LTE, then UE can keep sleeping during the offDuration between DRX_1 and DRX_2 and takes the RLM-RS (SSB occasion#4) after DRX_2 for INS/OOS evaluation. Lots of UE power can be saved, but the RLM performance is not hugely affected.
[image: ] 
[bookmark: _Ref503469046][bookmark: _Ref503469040]Figure 2: DRX and SSB timing relationship

Therefore, we prefer reuse the LTE concept that two successive L1 indication shall be separated as least one Tinterval. So the spec should be revised as
	The out-of-sync and in-sync evaluations for the configured RLM-RS resources shall be performed as specified in clause TBD in [Ref 38.213]. Two successive indications from Layer 1 shall be separated at least by TIndication_interval. TIndication_interval is max(10ms, TSSB) when DRX is not used, and max(10ms, TSSB, TDRX) when DRX is used.


[bookmark: _Ref502756086]Proposal 6: The minimum time separation of two L1 indications shall be separated at least by one TIndication_interval. 

4	 RLM behavior when timer is started and expired
4.1	 Timer is started
In the section 8.1.2.2 of [1], there is one rule for RLM. The idea is to take all available RLM-RS for RLM and ignore DRX behavior when the timer starts.
In case DRX is used, upon start of TBD timer as specified in [Ref 38.331], the UE shall monitor the configured RLM-RS resources for recovery using the evaluation period and Layer 1 indication interval corresponding to the non-DRX mode until the expiry or stop of TBD timer.




However, similar situation happens in the scenarios that RLM is fully/partially overlapped with MG. There are some RLM-RS not available, e..g, 
· When RLM-RS is partially overlapped by MG, UE punctures the RLM-RS overlapped by MG
· When RLM-RS is fully overlapped by MG, UE shares the MG to inter-frequency measurement
Now the question is: When the same timer starts, should UE stop the puncturing and sharing?
Upon the timer starts, UE shall monitor radio link quality more frequently so that UE returns back to non-DRX mode. But if UE stops the puncturing and sharing, the inter-frequency measurement activity is completely postponed, leading to another mobility issue. Actually, RRM is no less important than RLM. RRM allows UE to handover to the neighboring cell instead of just declaring RLF. Therefore all RRM activities shall not be stopped. In other words, UE does not need to stop the gap puncturing and gap sharing. 
[bookmark: _Ref503469172]Proposal 7: Upon the timer starts, UE does not need to stop the gap puncturing or gap sharing when RLM-RS is partially or fully overlapped by MG.

4.2	 Timer is expired
In LTE [2], after the T310 Timer expires, UE shall turn off TX transmission within 40ms.
The transmitter power of the UE shall be turned off within 40 ms after expiry of T310 timer and the transmitter power of PSCell if configured shall be turned off within 40 ms after expiry of T313 timer as specified in clause 5.3.11 in TS 36.331 [2].



To reduce interference caused by unnecessary UE TX transmission, by leveraging LTE requirement, NR UE shall also turn off TX transmission within 40ms after expiry of timer. 
[bookmark: _Ref502759138][bookmark: _Ref503469178]Proposal 8:  NR UE shall be turned off TX transmission within 40ms after expiry of timer.
In NR RLM, RLM-RS time-domain density is far lower than one of LTE CRS. As shown in Figure 3, the difference between the time when SNR drops and that when UE senses the dropped SNR is not negligible. This effect shall be considered in NR RLM test cases design.
[image: ]
[bookmark: _Ref503361640][bookmark: _Ref503361627]Figure 3: Timing difference between SNR dropped and UE senses SNR dropped

[bookmark: _Ref502759157]Observation 2: Timing difference between SNR dropped and UE senses SNR dropped is not negligible.
[bookmark: _Ref502759121]Proposal 9: Except for 40ms, additional one Tinterval_basic for RF turning off timing shall be considered in NR RLM test case.




5	Summary
Based on the discussion in section 2, 3 and 4, we propose the following observations and proposals:
Proposal 1: When RLM resources are partially overlapped with measurement gap, overall INS and OOS evaluation periods shall be scaled by (PRLM / (PRLM -1) ) and then rounded up.
· OOS evaluation period = ceil(PRLM/(PRLM-1) *[10])* max(20,RLM-RS periodicity) ms
· INS evaluation period =  ceil(PRLM/(PRLM-1) *[5])* max(20,RLM-RS periodicity) ms
Proposal 2: RLM with gap sharing shall be introduced when RLM resources are fully overlapped with MG.
Proposal 3: When RLM resources are fully overlapped with MG, requirements under gap sharing factor KRLM becomes 
· OOS evaluation period = ceil(KRLM *[10])* max(RLM-RS periodicity, MGRP) ms
· INS evaluation period = ceil(KRLM *[5])* max(RLM-RS periodicity, MGRP) ms
Proposal 4: Mis-alignment between RLM resources and onDuration is defined by the case when timing difference between RLM resources and onDuration is larger than [1] slot.
Proposal 5: Evaluation periods are scaled by KRLM-DRX = 1.5 when RLM resources misalign with onDuration in DRX mode.
[bookmark: _GoBack]Proposal 6: The minimum time separation of two L1 indications shall be separated at least by one TIndication_interval.
Proposal 7: Upon the timer starts, UE does not need to stop the gap puncturing or gap sharing when RLM-RS is partially or fully overlapped by MG.
Proposal 8:  NR UE shall be turned off TX transmission within 40ms after expiry of timer.
Proposal 9: Except for 40ms, additional one Tinterval_basic for RF turning off timing shall be considered in NR RLM test case.
6	Reference 
[bookmark: _Ref503358981][bookmark: _Ref503361193][1] TS 38.133 v.1.0.0, `` Requirements for support of radio resource management’’
[2] TS 36.133 v14.5.0, `` Requirements for support of radio resource management’’
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