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1. Introduction

RLM requirements for NR have been discussed for many meetings and are almost complete. However, there are still some open issues to be solved. In this paper, we will address following remaining open issues for RLM, including

· The second BLER pair
· The condition for non-Rx beam sweeping (N=1)
· The support of FDM-ed RLM-RS
· The reference CORESET for CSI-RS based RLM
· The consideration on TRS
2. Discussion
2.1. Second BLER pair
The second BLER pair for RLM has been open for many meetings, and contributions from companies on this issue were limited, and there was no agreement on how to define it. There is one LS from RAN1 [1] providing further guideline to RAN4:
	RAN1 would like to provide RAN4 with additional background of the second pair of thresholds:

It has been observed that in LTE, when semi-persistent scheduling is used, the service quality can be adequate also when the SINR is below the level corresponding to a PDCCH BLER of 10%. The most prominent example is for VoLTE.

In these cases, it has been observed that the UE triggers RLF also when the voice quality is quite adequate. In other words, RLF may be triggered prematurely.

To avoid this situation, RAN1 introduced the additional BLER threshold values for RLM. The main idea was thus that the additional BLER values would be higher than the default values. Still, the definition of the exact values is up to RAN4 to decide.


With this guideline, to determine the second BLER pair, RAN4 needs to first understand the SINR working point for PDSCH for VoLTE or VoNR if defined, and then discuss what the SINR target is for PDCCH and then Qout and Qin values. Based on Qout and Qin, and also typical PDCCH parameters for VoLTE or VoNR, RAN4 could finally decide the second BLER. Also, with the SNR working point changed, the evaluation period requirements may also change. 
It can be seen that determining the second BLER pair is not an easy work. Considering the timeline for completing the RRM spec for the December version, our view is to postpone it to Rel-16. A note can be added in the spec indicating that RAN4 would specify the second BLER pair in Rel-16.

Proposal 1: Postpone the definition of second BLER pair to Rel-16, and add a note in 38.133 indicating that RAN4 would specify the second BLER pair in Rel-16.

2.2. Condition for N=1
In current 38.133, the RLM evaluation period requirements are defined for both cases with Rx beam sweeping (N=8) and without Rx beam sweeping (N=1). The condition for N=1, i.e. no Rx beam sweeping needs to be considered in RLM, are specified as 

	For SSB based RLM
if UE is not provided higher layer parameter RadioLinkMonitoringRS and UE is provided by higher layer parameter TCI-state for PDCCH SSB that has QCL-TypeD, or

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 configured for RLM is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting, and the QCL association is known to UE;

For CSI-RS based RLM

if UE is not provided higher layer parameter RadioLinkMonitoringRS and UE is provided by higher layer parameter TCI-state for PDCCH CSI-RS that has QCL-TypeD, or

if the CSI-RS 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 resource configured for RLM is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting or SSBs configured for L1-RSRP reporting, all CSI-RS resources configured for RLM are mutually TDMed, and the QCL association is known to UE;


The basic principles are that 

1) If an RLM-RS is QCL-TypeD with PDCCH, Rx beam sweeping is not needed since UE already knows the Rx beam to receive PDCCH

2) If an RLM is QCL-TypeD and TDM-ed with an RS for BM (L1-RSRP reporting), Rx beam sweeping is not needed since UE is supposed to sweep its Rx beam on the BM RS and get the Rx beam information there 

The two principles are reasonable, but there could be some confusions to UE implementation on how to utilize the QCL information. 

For SSB based RLM, in Figure 1 we show how QCL information can be configured between SSB and PDCCH for the 3 cases mentioned in the spec. 

· In case (a), the TCI state of a PDCCH is linked to the SSB2 for RLM. According to the spec, UE should perform RLM on SSB2 without Rx beam sweeping by using the same Rx beam as PDCCH. It is however a question where UE could get the Rx beam information for the PDCCH. Since there can be only one active TCI state for PDCCH, the linked RS in the TCI state of the PDCCH should be the RS where UE gets the Rx beam information, i.e. SSB1 for BM, so there is a confusion to UE whether the configured SSB in the TCI state of the PDCCH is used for BM to get the Rx beam information, or for RLM. In our view, typically the UE would consider the configured SSB in the TCI state of a PDCCH for BM.
· In case (b), an explicitly configured SSB2 for RLM is QCL-TypeD with the PDCCH indirectly – the case where SSB2 is directly QCL-ed with PDCCH is same as case (a). Indirect QCL means the TCI state of PDCCH points to a CSI-RS for BM, and the TCI state of that CSI-RS points to SSB2. UE is supposed to perform RLM on SSB2 without Rx beam sweeping by using the same Rx beam as the CSI-RS. Again it is a question where UE gets the Rx beam information for the CSI-RS. Of course, UE could get the Rx beam information from the CSI-RS itself if the CSI-RS does not have a TCI state, but there is also a possibility that the CSI-RS is configured with a TCI state pointing to another SSB1 for BM. In this case there is also a confusion to UE whether the configured SSB in the TCI state of the CSI-RS is used for BM to get the Rx beam information or for RLM. In our view, typically the UE would consider the configured SSB in the TCI state of a CSI-RS for BM.
· In case (c), an explicitly configured SSB2 for RLM is QCL-TypeD with a CSI-RS for BM, and UE is supposed to perform RLM on SSB2 without Rx beam sweeping. Similar to case (b), it is possible that the CSI-RS is configured with a TCI state pointing to another SSB1 for BM, so there is same confusion as in case (b).
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Figure 1: QCL information configuration for SSB

In summary, as SSB can only be the source RS in a TCI state, with some SSB based RLM performed without Rx beam sweeping, UE may be confused whether the SSB is providing Rx beam information or is being provided Rx beam information. Of course, UE can check if a RLM SSB is referenced in any BM resource set, but this will increase the UE complexity in managing the TCI states. Also, it is conflicting with the normal understanding of a QCL relationship, where the source RS in a TCI state is used to provide Rx beam information for the target RS or channel. Finally, to allow some SSB based RLM to be performed without Rx beam sweeping network has to configure a dedicated SSB for RLM, which does not have clear motivation as network can anyway configure CSI-RS as dedicated RS for RLM. Based on above analysis, our view is that UE should always do Rx beam sweeping when performing RLM measurement on SSB.
Proposal 2: UE should always do Rx beam sweeping when performing RLM measurement on SSB.
For CSI-RS based RLM, the condition 1 for N=1 means that UE should always do RLM on an implicit CSI-RS without Rx beam sweeping. In general this is reasonable but similar as in case (a) in Figure 1, the CSI-RS in the TCI state of the PDCCH may be used for BM i.e. to provide Rx beam information for PDCCH, so condition 1 is only valid together with condition 3, i.e. the implicit CSI-RS itself is not used for BM and is QCL-TypeD with some other BM RS. This means there is no difference between implicit or explicit RLM-RS, and condition 1 and 3 can be merged. 
For condition 2, it should be further restricted that the explicitly configured CSI-RS is indirectly QCL-ed with the PDCCH. Direct QCL means the CSI-RS for RLM is the source RS in the TCI state of the PDCCH, and there is same issue as for condition 1 (and should be merged with condition 3). Indirect QCL means PDCCH and the CSI-RS for RLM are QCL-ed to same BM RS. This is already covered by condition 3. 

In summary, for CSI-RS for RLM, no matter it is configured explicitly or implicitly, to allow RLM without Rx beam sweeping, the CSI-RS itself should not be used for BM, and it should be QCL-TypeD with some BM RS.

Proposal 3: The condition for N=1 for CSI-RS based RLM should be merged as “if the implicit or explicit CSI-RS resource configured for RLM is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting or SSBs configured for L1-RSRP reporting, all CSI-RS resources configured for RLM are mutually TDMed, and the QCL association is known to UE”.
2.3. Support of FDM-ed RLM-RS
For FR1, RAN4 has agreed the measurement restriction for L1-RSRP when SSB and CSI-RS are FDM-ed in the same OFDM symbol, and the requirements are captured in section 9.5. We think same restriction rules can be re-used for RLM. In case CSI-RS and CSI-RS are FDM-ed in the same OFDM symbol, there should be no restriction as they are of the same SCS.
Proposal 4: For FR1, the measurement restriction rules in section 9.5 are re-used for RLM when SSB and CSI-RS are FDM-ed. There is no restriction when two CSI-RS are FDM-ed.
For FR2, there is incoming LS from RAN1 [2] asking RAN4 to define the UE behaviour, if necessary, for different FDM cases. Here we only consider the case with SSB and CSI-RS for RLM in the same OFDM symbol, and a full discussion for all collision cases can be found in [3]. 
When SSB and CSI-RS are in the same OFDM symbol, UE may not be able to perform RLM on both of them simultaneously. This is because the set of Rx beams for RLM and the pattern for Rx beam sweeping may be different for SSB based RLM and CSI-RS based RLM. For this case our view is that UE should prioritize SSB based RLM in this symbol, as the measurement on SSB can better represent the channel quality on common control channel, which is essential for a UE to receive when staying in a cell.
Proposal 5: For FR2, UE is not expected to perform RLM on CSI-RS on the same symbol as an SSB, if the SSB is also configured for RLM.
2.4. Reference CORESET for CSI-RS
For CSI-RS based RLM, some of the hypothetical PDCCH parameters are determined based on a reference CORESET. RAN4 has agreed the basic principle that the reference CORESET should be a CORESET that is QCL-ed with the CSI-RS, and the open issue is which CORSET to use when 
· There are more than one CORESETs that are QCL-ed with the CSI-RS, or

· There is no CORESET that is QCL-ed with the CSI-RS

For the first case we do not have strong view, but slightly prefer a simple solution, as in the end the BW or symbol number will not heavily impact the PDCCH performance. 
For the second case we think the UE should still perform RLM based on the network configuration. Even if a CSI-RS is not QCL-ed with any CORESET, it may still be representing the quality of a link from the current serving cell, and RLF can be avoided if there is such link in good quality, and network may be able to use RRC reconfiguration to change the Tx beam for PDCCH instead of re-establishment. In determining the reference CORESET for this case, our preference is again to use a simple solution. 
Proposal 6: UE should still perform CSI-RS based RLM if the CSI-RS is not QCL-ed with any CORESET. A simple selection rule is preferred for selecting the reference CORESET from multiple CORESETs.

2.5. TRS

A CSI-RS resource set can be configured for TRS, and used for time frequency tracking to get the {Doppler shift, Doppler spread, average delay, delay spread} that are needed for QCL-TypeA. According to 38.214, UE is not supposed to do CSI measurement or L1-RSRP measurement on the TRS resource set with periodic resources. Following the same principle, we think UE should not be required to perform RLM on a CSI-RS resource that is part of a TRS resource set.
	A UE does not expect to be configured with a CSI-ReportConfig that is linked to a CSI-ResourceConfig containing an NZP-CSI-RS-ResourceSet configured with trs-Info and with the CSI-ReportConfig configured with the higher layer parameter timeRestrictionForChannelMeasurements set to 'configured'.

A UE does not expect to be configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to other than 'none' for aperiodic NZP CSI-RS resource set configured with trs-Info.

A UE does not expect to be configured with a CSI-ReportConfig for periodic NZP CSI-RS resource set configured with trs-Info.

A UE does not expect to be configured with a NZP-CSI-RS-ResourceSet configured both with trs-Info and repetition.


Proposal 7: UE is not required to perform RLM on a CSI-RS resource that is part of a TRS resource set.
3. Conclusions

In this paper we provided our views on the remaining issues for RLM.
Proposal 1: Postpone the definition of second BLER pair to Rel-16, and add a note in 38.133 indicating that RAN4 would specify the second BLER pair in Rel-16.
Proposal 2: UE should always do Rx beam sweeping when performing RLM measurement on SSB.
Proposal 3: The condition for N=1 for CSI-RS based RLM should be merged as “if the implicit or explicit CSI-RS resource configured for RLM is QCL-Type D and TDMed to CSI-RS resources configured for L1-RSRP reporting or SSBs configured for L1-RSRP reporting, all CSI-RS resources configured for RLM are mutually TDMed, and the QCL association is known to UE”.
Proposal 4: For FR1, the measurement restriction rules in section 9.5 are re-used for RLM when SSB and CSI-RS are FDM-ed. There is no restriction when two CSI-RS are FDM-ed.

Proposal 5: For FR2, UE is not expected to perform RLM on CSI-RS on the same symbol as an SSB, if the SSB is also configured for RLM.
Proposal 6: UE should still perform CSI-RS based RLM if the CSI-RS is not QCL-ed with any CORESET. A simple selection rule is preferred for selecting the reference CORESET from multiple CORESETs.

Proposal 7: UE is not required to perform RLM on a CSI-RS resource that is part of a TRS resource set.
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