3GPP TSG RAN WG4 Meeting #86bis		R4-1804613
Melbourne, Australia, 16th – 20th April 2018

Source: 	NTT DOCOMO, INC.
Title: 	Discussion on requirements of Radio Link Monitoring
Agenda item:	7.9.9.1.1
Document for:	Discussion
1. Introduction
Part of requirements on RLM including collision with SMTC and/or measurement gap is still under discussion, and requirements on link reconfiguration have not been discussed yet. In this contribution, we provide our views on remaining issues regarding RLM and link reconfiguration.
2. Discussion
Evaluation periods for SSB based RLM
To define evaluation periods for RLM, issue on overlapping between RLM-RS and measurement gap has been discussed in previous RAN4 meetings, but UE behavior within measurement gap is still unclear. In addition, collision between RLM-RS and SMTC window outside of measurement gap has not been sufficiently discussed yet. As we argued in [1], periodicity of SSB configured for RLM, i.e. TSSB, should be same as actual SSB transmission periodicity, and it would correspond to SSB periodicity on serving cell for rate matching purpose signaled via ssb-periodicityServingCell specified in TS 38.331 since explicit configuration of SSB periodicity for RLM has not been specified in RAN1/2. Besides, SMTC periodicity should be equal to or longer than actual SSB transmission periodicity. Therefore, SMTC window would always cover at least some of RLM-RS on PCell/PSCell as shown in Figure 1. 
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Figure 1：Different cases depending on relationship between RLM-RS and SMTC window timing for FR1 and FR2.

[bookmark: _GoBack]For FR1, since UE could perform RLM and intra-frequency measurement simultaneously, collision between RLM-RS and SMTC window would not need to be considered. For FR2, however, since UE could not perform RLM and intra-frequency measurement at the same time due to Rx beam restriction, UE should be expected to perform either RLM or intra-frequency measurement at the SSB timing covered by SMTC window on PCell/PSCell. As shown in Case 3 depicted in Figure 1, when SMTC periodicity would be longer than TSSB, UE would have enough opportunity for RLM at RLM-RS timing which does not collide with SMTC, and all of SMTC window timings should be used for intra-frequency measurements to make intra-frequency measurement according to configured SMTC periodicity. In other words, intra-frequency measurement should be prioritized than RLM in case of collision between RLM-RS and SMTC. On the other hands, when SMTC periodicity is same as TSSB, SSB timing sharing should be considered since there is no opportunity for RLM if intra-frequency measurement is prioritized even in this case. However, SSB timing sharing might cause complexity on UE behavior and the specification. Moreover, RLM should be performed alternately or more frequent than intra-frequency measurement as in Case 4 (a) or (b), but these cases could be realized in Case 3 by setting SSB periodicity and SMTC periodicity appropriately. From these points of view, for FR2 PCell or PSCell, SMTC periodicity should be longer than TSSB, and we could preclude specifying Case 4.
Observation 1: For FR1, it would not necessary to consider collision between RLM-RS and SMTC window to determine evaluation periods for RLM.
Observation 2: For FR2, UE could not perform RLM and intra-frequency measurement simultaneously when RLM-RS and SMTC window timing are overlapped, and setting of SMTC periodicity and SSB periodicity can control the ratio between RLM opportunity and intra-frequency measurement opportunity.
Proposal 1: For FR2 PCell/PSCell, RLM requirements for the case that SMTC periodicity equals to TSSB are not specified, and RLM requirements is defined by assuming that intra-frequency measurement is performed at the SSB timing covered by SMTC window.
Regarding collision between RLM-RS and measurement gap, since the case with RLM-RS fully overlapped with measurement gap was precluded at the last RAN4 meeting, we would need to consider just partial overlapping case. From complexity on the UE behavior and specification perspective, gap sharing among RLM, intra-frequency measurement, and inter-frequency measurement should be avoided. Thus, UE should be expected to perform RLM outside of measurement gap. 
Proposal 2: RLM is performed at RLM-RS timings which is covered by neither SMTC window nor measurement gap.
Based on Proposal 1 and Proposal 2, requirements on evaluation periods for RLM for the cases with overlapping between RLM-RS and SMTC window and/or MG could be derived for two scenarios; one is case that some or all of SMTC windows are collided with measurement gap, and the other is no SMTC window is collided with measurement gap as following. 
I. Some or all of SMTC windows are collided with measurement gap. (e.g. Case A in Figure 2)
a) MGRP < SMTC periodicity
b) SMTC periodicity ≤ MGRP
II. No SMTC window is collided with measurement gap. (e.g. Case B in Figure 2)
a) MGRP < SMTC periodicity
b) SMTC periodicity ≤ MGRP
In case of scenario I, some RLM opportunities would be punctured by both/either of SMTC window and/or measurement gap, so scaling factor P could be expressed as P = 1/(1 ⁃ 1/min{SMTC periodicity, MGRP}). On the other hands, in case of scenario II, requirements would be complicated because number of samples punctured by SMTC window and measurement gap would be different depending on relationship between MGRP and SMTC periodicity. Basically, overlapping with SMTC and overlapping with MG occur separately in scenario II. Therefore, scaling factor P could be expressed as P = 1/(1 – Q), Q = (max{SMTC periodicity, MGRP}/min{ SMTC periodicity, MGRP } + 1)/(max{ SMTC periodicity, MGRP }/TSSB).


Proposal 3: Evaluation periods for RLM could be scaled by following scaling factor P.
· All RLM-RS are not overlapped with measurement gap.
·  
· Some or all of SMTC window would be covered by measurement gap.
· 
· No SMTC window would be covered by measurement gap.
· , 
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Figure 2: Relationship among RLM-RS, SMTC, and measurement gap
Link reconfiguration
As captured in agreed WF [2], RAN4 needs to start discussion on link reconfiguration specified in TS 38.213. In our understanding, link reconfiguration procedure would be important feature for beam based NR operation, and it would be necessary to define RRM requirements for both SSB based and CSI-RS based link reconfiguration in TS 38.133. 
Beam failure detection would be similar procedure as RLM, and hence most of specification structure and requirements of RLM could be reused for beam failure detection in link reconfiguration. According to TS 38.213, UE needs to monitor radio link quality on current PDCCH beams with comparing it to thresholds Qout _LR and Qin_LR, and the principle to derive OOS and IS for RLM could be reused for definition of Qout _LR and Qin_LR in link reconfiguration procedure. As same as RLM, UE would be expected to estimate SINR within evaluation periods to derive BLER level corresponding to hypothetical PDCCH transmission parameters and compare derived BLER with thresholds Qout _LR. Therefore, part of requirements could be reused from RLM such as target BLER values and hypothetical PDCCH parameters.  On the other hands, for link reconfiguration, UE would be expected to perform L1-RSRP measurement for candidate beam selection and also compare L1-RSRP to Qin_LR unlike RLM. Therefore, RAN4 would need to discuss on part of requirements like evaluation periods for Qin_LR and Qout_LR.
Proposal 4: RAN4 needs to define RRM requirements for both SSB based and CSI-RS based link reconfiguration feature, and specification structure and part of requirements could be reused from RLM.
3. Conclusion
In this contribution, we provided our views of remaining issues on RLM and link reconfiguration, and we made following observations and proposals.
Observation 1: For FR1, it would not necessary to consider collision between RLM-RS and SMTC window to determine evaluation periods for RLM.
Observation 2: For FR2, UE could not perform RLM and intra-frequency measurement simultaneously when RLM-RS and SMTC window timing are overlapped, and setting of SMTC periodicity and SSB periodicity can control the ratio between RLM opportunity and intra-frequency measurement opportunity.
Proposal 1: For FR2 PCell/PSCell, RLM requirements for the case that SMTC periodicity equals to TSSB are not specified, and RLM requirements is defined by assuming that intra-frequency measurement is performed at the SSB timing covered by SMTC window.
Proposal 2: RLM is performed at RLM-RS timings which is covered by neither SMTC window nor measurement gap.
Proposal 3: Evaluation periods for RLM could be scaled by following scaling factor P.
· All RLM-RS are not overlapped with measurement gap.
·  
· Some or all of SMTC window would be covered by measurement gap.
· 
· No SMTC window would be covered by measurement gap.
· , 
Proposal 4: RAN4 needs to define RRM requirements for both SSB based and CSI-RS based link reconfiguration feature, and specification structure and part of requirements could be reused from RLM.
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