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1	Introduction
On RAN4#87, many aspects of radio link monitoring requirements including SSB-based and CSI-RS based RLMs are finalized [1], with the output captured in latest TS38.133 version 15.2.0 [2]. In this contribution, we are discussing the remaining parts for RLM to finalizing the requirements for RLM. 
2	Discussion
2.1 RX beamforming for RLM on FR2
The issue of whether RX beam sweeping for RLM on FR2 is needed is well discussed in RAN4 [3], and in short, RAN4 has the common understanding that UE don’t need RX beam sweeping only if UE is provided with the guarantee that the RLM-RS should be spatially QCLed and TDMed to the RS configured for BM and the QCL association should be known to UE. Specifically, the correspondingly part is captured as below in approved version of TS38.133 v15.2.0:
	Captured from Section 8.1.2 Requirements for SSB based radio link monitoring:
TEvaluate_out_SSB and TEvaluate_in_SSB are defined in Table 8.1.2.2-2 for FR2 with 
-	N=1, if the SSB configured for RLM is spatially QCLed and TDMed to CSI-RS resources configured for BM, and the QCL association is known to UE;
-	N=FFS, otherwise.
… 
Captured from Section 8.1.3 Requirements for CSI-RS based radio link monitoring:
-	TEvaluate_out_CSI-RS and TEvaluate_in_CSI-RS are defined in Table 8.1.3.2-2 for FR2, where
-	N=1, if the CSI-RS resource configured for RLM is spatially QCLed and TDMed to CSI-RS resources configured for BM or SSBs configured for BM, and the QCL association is known to UE;
-	N=FFS, otherwise.



It should be noted that the corresponding part in latest TS38.213 also mentioned RAN1’s understanding for RLM, as captured here: 
	Captured from TS38.213:
[bookmark: _Toc510987628]5	Radio link monitoring
…
A UE can be configured for each DL BWP of a SpCell [11, TS 38.321] with a set of resource indexes, through a corresponding set of higher layer parameters RadioLinkMonitoringRS, for radio link monitoring by higher layer parameter failureDetectionResources. The UE is provided by higher layer parameter RadioLinkMonitoringRS  with either a CSI-RS resource configuration index, by higher layer parameter csi-RS-Index, or a SS/PBCH block index, by higher layer parameter ssb-Index. The UE can be configured with up to [image: ] RadioLinkMonitoringRS for link recovery procedures, as decribed in Subclause 6, and radio link monitoring. From the [image: ] RadioLinkMonitoringRS, up to [image: ] RadioLinkMonitoringRS can be used for radio link monitoring depending on a maximum number [image: ] of candidate SS/PBCH blocks per half frame as described in Subclause 4.1, and up to two RadioLinkMonitoringRS can be used for link recovery procedures. 
If the UE is not provided higher layer parameter RadioLinkMonitoringRS and the UE is provided by higher layer parameter TCI-state for PDCCH one or more RSs that include one or more of a CSI-RS and/or a SS/PBCH block
-	the UE uses for radio link monitoring the RS provided for the active TCI state for PDCCH if the active TCI state for PDCCH includes only one RS
 -	if the active TCI state for PDCCH includes two RS, the UE expects that one RS has QCL-TypeD and the UE uses the one RS for radio link monitoring; the UE does not expect both RS to have QCL-TypeD
-	the UE is not required to use for radio link monitoring an aperiodic RS



Based on our understanding for RAN1’s QCL assumption, in the following conditions we can assume: 
· Condition-1: If the UE is not provided higher layer parameter RadioLinkMonitoringRS and if UE is provided by higher layer parameter TCI-state for PDCCH which includes only one RS: 
· Under this condition, our understanding is UE will use the RS provided by the active TCI state for PDCCH as RLM-RS, however which kind of QCL (QCL-TypeD) is not clear for this case. In other words, beam sweeping is still needed if QCL-TypeD is not provided.  
· Condition-2: If the UE is not provided higher layer parameter RadioLinkMonitoringRS and if UE is provided by higher layer parameter TCI-state for PDCCH which includes two RSs:
· Under this condition, our understanding is NW can guarantee that one RS out of active TCI state for PDCCH has QCL-Type D, and UE can use this RS for RLM, so no beam sweeping is needed in this case. 
Based on this discussion, we propose to change the corresponding description in TS38.133 as following: 
· [For SSB-based RLM]: N=1, if the SSB configured for RLM is spatially QCLed and TDMed to CSI-RS resources configured for BM,QCL-Type D with DM-RS for PDCCH and the QCL association is known to UE, or if the SSB for RLM is not explicitly configured when UE is not provided higher layer parameter RadioLinkMonitoringRS and if UE is provided by higher layer parameter TCI-state for PDCCH which includes QCL-TypeD RS;
· [For CSI-RS based RLM]: N=1, if the CSI-RS resource configured for RLM is spatially QCLed and TDMed to CSI-RS resources configured for BM or SSBs configured for BM QCL-Type D with DM-RS for PDCCH and the QCL association is known to UE, or if the CSI-RS for RLM is not explicitly configured when UE is not provided higher layer parameter RadioLinkMonitoringRS and if UE is provided by higher layer parameter TCI-state for PDCCH which includes QCL-TypeD RS. 
Proposal 1: To adopt the following RLM condition in which no RX beam sweeping is needed: 
· [For SSB-based RLM]: N=1, if the SSB configured for RLM is QCL-Type D with DM-RS for PDCCH and the QCL association is known to UE, or if the SSB for RLM is not explicitly configured when UE is not provided higher layer parameter RadioLinkMonitoringRS and if UE is provided by higher layer parameter TCI-state for PDCCH which includes QCL-TypeD RS;
· [For CSI-RS based RLM]: N=1, if the CSI-RS resource configured for RLM is QCL-Type D with DM-RS for PDCCH and the QCL association is known to UE, or if the CSI-RS for RLM is not explicitly configured when UE is not provided higher layer parameter RadioLinkMonitoringRS and if UE is provided by higher layer parameter TCI-state for PDCCH which includes QCL-TypeD RS. 

For other conditions in which RX beam sweeping is necessary, for the detailed value of N, RAN4 can reuse the conclusion for N1 (or equivalently N3) i.e., the scaling factor for FR2 PSS/SSS sync delay (or SSB measurement delay).  
Proposal 2: RAN4 adopt N1 (=N3) for scaling factor needed in other conditions in which RX beam sweeping is necessary for FR2 RLM.
2.2 Scheduling Restriction
As provided in last meeting, the scheduling availability when UE perform RLM in some scenarios are captured in latest TS38.133, while one symbol before and one symbol after SSB symbols (for example, and CSI-RS based RLM should be similar) to be measured for RLM are no longer to be restricted for scheduling in the following condition. 
	Captured from TS38.133 v15.2.0: 
8.1.7.2	Scheduling availability of UE performing radio link monitoring with a different subcarrier spacing than PDSCH/PDCCH on FR1
For UE which support simultaneousRxDataSSB-DiffNumerology [14] there are no restrictions on scheduling availability due to radio link monitoring based on SSB as RLM-RS. For UE which do not support simultaneousRxDataSSB-DiffNumerology [14] the following restrictions apply due to radio link monitoring based on SSB as RLM-RS.
-	The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured for radio link monitoring. 
When intra-band carrier aggregation is performed, the scheduling restrictions apply to all serving cells on the band due to radio link monitoring performed on FR1 serving PCell or PSCell in the same band. When inter-band carrier aggregation within FR1 is performed, there are no scheduling restrictions on FR1 serving cell(s) in the bands due to radio link monitoring performed on FR1 serving PCell or PSCell in different bands.
8.1.7.3	Scheduling availability of UE performing radio link monitoring on FR2
The following scheduling restriction applies due to radio link monitoring on an FR2 serving PCell and/or PSCell.
-	The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on RLM-RS symbols to be measured for radio link monitoring, except for RMSI PDCCH/PDSCH and PDCCH/PDSCH which is not required to be received by RRC_CONNECTED mode UE. 
Editor’s Note: FFS when intra-band carrier aggregation is performed, whether the scheduling restrictions apply to all serving cells on the band due to radio link monitoring performed on FR2 serving PCell or PSCell in the same band or not.
Editor’s Note: FFS scheduling restrictions for inter-band carrier aggregation will be defined depending on band combination in future. 



Based on company’s contribution in last meeting, the conclusion of “one symbol before and one symbol after SSB symbols to be measured for RLM are no longer to be restricted for scheduling” is derived based on: For RLM, the timing reference should be the serving cell itself, which is different from intra-frequency measurement in which the neighboring cell measurement is performed based on serving cell. 
However, it should be noted that aside of timing different between serving and neighboring cells, the switching time is also considered for the one symbol worst case assumption for NR intra-frequency measurement. Specifically, 
· When UE performing radio link monitoring with a different subcarrier spacing than PDSCH/PDCCH on FR1, for UE which do not support simultaneousRxDataSSB-DiffNumerology, it may depends on UE’s implementation for how UE will receive SSB with different numerology. If additional dormant RX chain is used for RLM, the switching time maximum limited by CP could be not enough for this UE implementation. In that sense, the corresponding requirement should be changed to be aligned with intra-frequency measurement. 
· When UE performing radio link monitoring on FR2, considering the intended RX beam-to-go is known to UE, the RX beam switching time can be small enough to be incorporated in current requirement, i.e., one symbol before and one symbol after SSB symbols to be measured for RLM are no longer to be restricted for scheduling.  
Proposal 3: When UE performing radio link monitoring with a different subcarrier spacing than PDSCH/PDCCH on FR1, for UE which do not support simultaneousRxDataSSB-DiffNumerology, RAN4 change the scheduling availability requirement to aligned with intra-frequency measurement.
2.3 RLM-RS Occasion Sharing with SMTC
In current version of TS38.133, RLM-RS occasions are shared with SMTC for some conditions in FR2, for which the sharing factor is needed. Specifically, in following conditions Psharing_factor is needed: 
	For FR2, 
-	P is Psharing factor, when RLM-RS is not overlapped with measurement gap and RLM-RS is fully overlapped with SMTC period (TSSB = TSMTCperiod).
…
-	P is 1/(1- TSSB /MGRP)* Psharing factor, when RLM-RS is partially overlapped with measurement gap and RLM-RS is partially overlapped with SMTC occasion (TSSB < TSMTCperiod) and SMTC occasion is not overlapped with measurement gap and TSMTCperiod = MGRP  and TSSB = 0.5*TSMTCperiod
…
-	P is 1/(1- TSSB /MGRP)* Psharing factor, when RLM-RS is partially overlapped with measurement gap and RLM-RS is fully overlapped with SMTC occasion (TSSB = TSMTCperiod) and SMTC occasion is partially overlapped with measurement gap (TSMTCperiod < MGRP)
-	Psharing factor is FFS



Considering it is already very late to introduce signaling for Psharing_factor like NR measurement sharing, the fixed value of sharing between RLM and RRM (rather than network configurable one) should be adopted. Specifically, we believe the fixed ratio as 1:1 between RLM and RRM (i.e., Psharing_factor =2) is reasonable since at least in the above 2nd and 3rd conditions, some SSB occasions are already used for measurement gap based intra/inter-frequency and/or inter-RAT measurement, more favoring to RRM is not preferred from our understanding. Based on the similar reason, Psharing_factor =2 can be adopted for CSI-RS based measurement. 
Proposal 4: RAN4 adopt Psharing_factor =2 to finalize RLM delay requirement.

2.4 The 2nd Pair IS/OOS BLER
To investigate the physical service quality level required for voice service like VoIP, the standardized QCI (QoS Class Identifier) characteristics can be firstly investigated based on TS 23.203, the specification in 3GPP SA. Specifically, the content for how to understand the standardized QCI and QCI levels corresponding to voice services are provided here from TS 23.203 [4]. 
	…
The standardized characteristics are not signalled on any interface. They should be understood as guidelines for the pre-configuration of node specific parameters for each QCI. The goal of standardizing a QCI with corresponding characteristics is to ensure that applications / services mapped to that QCI receive the same minimum level of QoS in multi-vendor network deployments and in case of roaming. A standardized QCI and corresponding characteristics is independent of the UE's current access (3GPP or Non-3GPP).
The one-to-one mapping of standardized QCI values to standardized characteristics is captured in table 6.1.7-A and table 6.1.7-B. The main differences between the two parts are that, in contrast to Part A, Part B of Table 6.1.7 describes QCIs for which the Packet Error Loss Rate calculation includes those packets that are not delivered within the PDB; and, it provides information on other concrete attributes of the QCI e.g. the maximum size of the data burst that needs to be delivered within the PDB.
Table 6.1.7-A: Standardized QCI characteristics
	QCI
	Resource Type
	Priority Level
	Packet Delay Budget
(NOTE 13)
	Packet Error Loss
Rate (NOTE 2)
	Example Services

	1
(NOTE 3)
	
	2
	100 ms
(NOTE 1, NOTE 11)
	10-2
	Conversational Voice

	2
(NOTE 3)
	
GBR
	4
	150 ms
(NOTE 1, NOTE 11)
	10-3
	Conversational Video (Live Streaming)

	3
(NOTE 3, NOTE 14)
	
	3
	50 ms
(NOTE 1, NOTE 11)
	10-3
	Real Time Gaming, V2X messages
Electricity distribution - medium voltage (e.g. TS 22.261 [51] clause 7.2.2)
Process automation - monitoring (e.g. TS 22.261 [51] clause 7.2.2)

	4
(NOTE 3)
	
	5
	300 ms
(NOTE 1, NOTE 11)
	10-6
	Non-Conversational Video (Buffered Streaming)

	65
(NOTE 3, NOTE 9, NOTE 12)
	
	0.7
	75 ms
(NOTE 7,
NOTE 8)
	
10-2
	Mission Critical user plane Push To Talk voice (e.g., MCPTT)

	66
(NOTE 3, NOTE 12)
	
	
2
	100 ms
(NOTE 1,
NOTE 10)
	
10-2
	Non-Mission-Critical user plane Push To Talk voice


…



Based on the above QCI table, the packet error rate can be assume to be 10-2. For VoIP service, 4 transport blocks make one VoIP packet: for typical VoIP packet size is 1500Byte, which could be carried by four or five TB, under 25PRB and some typical QPSK MCS in NR. If we assume the transport block packet error rate be p (i.e., the combined BLER for PDCCH and PDSCH), then we have the following relationship for VoIP packet error rate: 1 - (1 - p)^4 = 1/100, then p = 0.0025, which is in the level between 0.1% and 1%. 
Then although the hypothetical PDCCH BLER should be smaller than the combined BLER for PDCCH and PDSCH, generally speaking they should be in the same order of magnitude, and we have the following proposal for 2nd pair of IS/OOS BLER. 

Proposal 5: Adopt 1% and 0.1% for the second pair of IS/OOS BLER values for voice service, as in the below table:
	Configuration
	BLERout
	BLERin

	0
	[10%]
	[2%]

	1
	[1%]
	[0.1%]



3 Conclusion
In this paper, we provided the analysis for the remaining parts for RLM to finalizing the requirements for RLM. Specifically, the following proposals are provided: 
Proposal 1: To adopt the following RLM condition in which no RX beam sweeping is needed: 
· [For SSB-based RLM]: N=1, if the SSB configured for RLM is QCL-Type D with DM-RS for PDCCH and the QCL association is known to UE, or if the SSB for RLM is not explicitly configured when UE is not provided higher layer parameter RadioLinkMonitoringRS and if UE is provided by higher layer parameter TCI-state for PDCCH which includes QCL-TypeD RS;
· [For CSI-RS based RLM]: N=1, if the CSI-RS resource configured for RLM is QCL-Type D with DM-RS for PDCCH and the QCL association is known to UE, or if the CSI-RS for RLM is not explicitly configured when UE is not provided higher layer parameter RadioLinkMonitoringRS and if UE is provided by higher layer parameter TCI-state for PDCCH which includes QCL-TypeD RS. 
[bookmark: _GoBack]Proposal 2: RAN4 adopt N1 (=N3) for scaling factor needed in other conditions in which RX beam sweeping is necessary for FR2 RLM.
Proposal 3: When UE performing radio link monitoring with a different subcarrier spacing than PDSCH/PDCCH on FR1, for UE which do not support simultaneousRxDataSSB-DiffNumerology, RAN4 change the scheduling availability requirement to aligned with intra-frequency measurement.
Proposal 4: RAN4 adopt Psharing_factor =2 to finalize RLM delay requirement.
Proposal 5: Adopt 1% and 0.1% for the second pair of IS/OOS BLER values for voice service, as in the below table:
	Configuration
	BLERout
	BLERin

	0
	[10%]
	[2%]

	1
	[1%]
	[0.1%]
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