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1. Introduction

In RAN4#88bis, RLM requirements were discussed mainly discussed in the ad-hoc session. The agreements are captured in [1] and are copied as follows.
	If different SCS is used for CSI-RS based RLM-RS and SSB based RLM-RS, then CSI-RS based RLM-RS and SSB based RLM-RS shall be TDMed.

If same SCS is used for CSI-RS based RLM-RS and SSB based RLM-RS, then CSI-RS based RLM-RS and SSB based RLM-RS can be FDMed or TDMed.

N=8 as Rx beam sweeping factor for CSI-RS based RLM when the condition for N=1 doesn’t apply.
When CSI-RS is QCL’d with no CORESET, UE is not expected to perform RLM
To potentially reduce RLM evaluation period, “non-DRX” in Tables 8.1.2.2-1, 8.1.2.2-2, 8.1.3.2-1 and 8.1.3.2-2 is replaced by “no DRX”


There are still many open issues for RLM requirements, and in this paper we will address the following ones.
· N=1 condition for SSB and CSI-RS based RLM

· Hypothetical PDCCH parameters

2. Discussion
2.1. Condition for N=1
2.1.1. SSB based RLM
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 are specified as follows 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 the first condition, the TCI state of a PDCCH refers to the SSB for RLM:

PDCCH --> SSB (condition S1.1)
Under condition S1.1, UE is supposed to perform RLM on the SSB by using the same Rx beam as PDCCH without Rx beam sweeping. However, it is a question where UE could get the Rx beam information for the PDCCH reception. Since there can be only one active TCI state for PDCCH, the referred SSB in the TCI state of the PDCCH should be the source where UE gets the Rx beam information. On the other hand, SSB cannot be configured with TCI state, so UE has to get the Rx beam information from the SSB itself. It means the SSB must be also configured for L1-RSRP beam reporting, and Rx beam sweeping has to be done on it. It also means N=1 cannot apply when RLM is performed on this SSB.
Observation 1: The SSB referred by the TCI state of a PDCCH is the source where UE gets Rx beam information for the PDCCH, and UE needs to do Rx beam sweeping on it. N=1 cannot apply when RLM is performed on this SSB.

For the second condition, there may be two TCI configurations:
PDCCH --> SSB (condition S2.1)

PDCCH --> CSI-RS1, CSI-RS1 --> SSB (condition S2.2)

Condition S2.1 is same as condition S1.1 (except that the SSB is explicitly configured for RLM), and it is observed that N=1 cannot apply when RLM is performed on this SSB. 
Under condition S2.2, UE is supposed to perform RLM on the SSB by using the same Rx beam as PDCCH without Rx beam sweeping, and the Rx beam information for PDCCH is obtained from Rx beam sweeping on CSI-RS1. The SSB referred by the TCI state of a CSI-RS is typically understood as the source where UE gets Rx beam information for measuring the CSI-RS1. This interpretation of the TCI configuration is aligned with RAN1 spec 38.214.

	qcl-InfoPeriodicCSI-RS contains a reference to a TCI-State indicating QCL source RS(s) and QCL type(s). If the TCI-State is configured with a reference to an RS with 'QCL-TypeD' association, that RS may be an SS/PBCH block located in the same or different CC/DL BWP or a CSI-RS resource configured as periodic located in the same or different CC/DL BWP.


Now only because the SSB is configured for RLM, understanding of the TCI is reversed – CSI-RS1 becomes the source where UE gets Rx beam information for measuring the SSB for RLM. We think allowing different interpretations of a TCI state is very confusing for UE beam management and should be avoided.
Observation 2: The SSB referred by the TCI state of a CSI-RS is the source where UE gets Rx beam information for the measuring the CSI-RS. Applying N=1 when RLM is performed on this SSB means the TCI state is interpreted the other way around, which is conflicting with RAN1 spec.
For the third condition, the TCI configuration would be 

CSI-RS1 --> SSB (condition S3.1)
Condition S3.1 is same as condition S2.2. Again, with such a configuration, the SSB is typically understood as the source for measuring CSI-RS1, and reversing this understanding (such that CSI-RS1 is the source for measuring SSB) just because SSB is configured for RLM is quite confusing for UE and should be avoided.
Based on above analysis, none of the three conditions for N=1 can really work for SSB based RLM.
Proposal 1: N=1 does not apply for SSB based RLM.
2.1.2. CSI-RS based RLM
The condition for N=1, i.e. no Rx beam sweeping are specified as follows 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;


For the first condition, the TCI state of a PDCCH refers to the CSI-RS for RLM:

PDCCH --> CSI-RS (condition C1.1)
Under condition C1.1, UE is supposed to perform RLM on the CSI-RS by using the same Rx beam as PDCCH without Rx beam sweeping. However, this means UE cannot get the Rx beam information for PDCCH from the CSI-RS, but the CSI-RS must be configured with a TCI state referring to some other RS where UE does the Rx beam sweeping. Condition C1.1 is not valid alone, but it requires the CSI-RS for RLM has a TCI state referring to RS for L1-RSRP beam reporting.
Observation 3: If UE is not supposed to do Rx beam sweeping for RLM on the CSI-RS referred by the TCI state of a PDCCH, the CSI-RS has to be configured with a TCI state referring to other RS for L1-RSRP beam reporting.
For the second condition, there may be two TCI configurations:

PDCCH --> CSI-RS (condition C2.1)

PDCCH --> RS1, RS1 --> CSI-RS (condition C2.2)

PDCCH --> RS1, CSI-RS --> RS1 (condition C2.3)

Condition C2.1 is same as condition C1.1 (except that the CSI-RS is explicitly configured for RLM), and it is observed that it is not valid alone. 
Under condition C2.2, UE is supposed to perform RLM on the CSI-RS by using the same Rx beam as PDCCH without Rx beam sweeping, and the Rx beam information for PDCCH is obtained from Rx beam sweeping on RS1. Same as condition S2.2, the typical understanding of this TCI configuration is that CSI-RS is the source providing Rx beam information for measuring RS1, but applying N=1 for RLM on this CSI-RS means the TCI state is interpreted the other way around, and this should be avoided.

Observation 4: The CSI-RS referred by the TCI state of another CSI-RS1 is the source where UE gets Rx beam information for the measuring the CSI-RS1. Applying N=1 when RLM is performed on this CSI-RS means the TCI state is interpreted the other way around, which is conflicting with RAN1 spec.

Under condition C2.3, UE is supposed to perform RLM on the CSI-RS by using the same Rx beam as PDCCH without Rx beam sweeping, and the Rx beam information for PDCCH is obtained from Rx beam sweeping on RS1. This condition can work, but it is essentially same as C3.1 below, i.e. the CSI-RS has to be configured with a TCI state referring to other RS for L1-RSRP beam reporting. Whether PDCCH has a TCI state referring to the same RS1 does not really matter.
For the third condition, the TCI configuration would be 

CSI-RS --> RS1 (condition C3.1)

Under condition C3.1, UE is supposed to perform RLM on the CSI-RS by using Rx beam information obtained from Rx beam sweeping on RS1. There is no problem with this condition, except that the CSI-RS resource cannot be in a resource set configured with repetition ON. This is because for the resource set configured with repetition ON, UE is supposed to sweep Rx beam across all the resources in the set, and there is no guarantee that UE will always use the same Rx beam on a specific resource. 
Based on above analysis, the key condition for N=1 to apply for CSI-RS based RLM is that the CSI-RS has a TCI state referring to other RS for L1-RSRP beam reporting and the resource is not in a resource set configured with repetition ON. 
Proposal 2: N=1 applies for CSI-RS based RLM if and only if the CSI-RS has a TCI state referring to other RS for L1-RSRP beam reporting and the resource is not in a resource set configured with repetition ON.
2.2. Hypothetical PDCCH parameter
In current spec, some of the hypothetical PDCCH parameters are derived from the reference CORESET. For SSB based RLM, the reference CORSET is RMSI CORESET. For CSI-RS based RLM, how to select the CORESET is still open. There were many options as listed in [1]:
· The CORESET with the lowest index and directly QCLed with the CSI-RS resource, if at least one CORESET is directly QCLed to the CSI-RS resource. Else, the CORESET with the lowest index and indirectly QCLed with the CSI-RS resource

· The CORESET with minimum hypothetical PDCCH BLER is used when multiple CORESETs having QCL relationship with the configured CSI-RS
· CORESET #0
· CORESET which is current used by UE for PDCCCH decoding
· Fix the values of CORESET dependent parameters
The PDCCH parameters that are based on reference CORESET are number of OFDM symbols, BW, SCS and CP length. The reason to base these parameters on a reference CORESET is that the SINR measured from the CSI-RS can best represent the performance of the reference CORESET. However, it is hard to judge when the performance of a CORESET can be well represented by the CSI-RS. Considering that the issue has been open for many meetings without an agreeable solution, and the fact that most of these parameters have only limited impact on the PDCCH performance, our preference is to use fixed values instead of using a reference CORESET.

Now we look into these parameters one by one:

· Number of OFDM symbol: as there is no clear dependency between the CORESET symbol number and the CSI-RS, this parameter can be fixed to some typical value e.g. 2
· BW: the SINR measurement from the CSI-RS will be most reprehensive for the PDCCH performance if the CSI-RS and the PDCCH have the same BW, so this parameter can be fixed as the CSI-RS BW.

· SCS: CSI-RS and the PDCCH are always of the same SCS, so this parameter can be fixed to CSI-RS SCS.

· CP length: fixed to normal CP.

Proposal 3: For CSI-RS based RLM, the hypothetical PDCCH parameters are fixed as follow.
· Number of OFDM symbol: 2
· BW: same as CSI-RS BW
· SCS: same as CSI-RS SCS
· CP length: normal
3. Conclusions

In this paper we provided our views on some of the remaining issues for RLM.
Observation 1: The SSB referred by the TCI state of a PDCCH is the source where UE gets Rx beam information for the PDCCH, and UE needs to do Rx beam sweeping on it. N=1 cannot apply when RLM is performed on this SSB.

Observation 2: The SSB referred by the TCI state of a CSI-RS is the source where UE gets Rx beam information for the measuring the CSI-RS. Applying N=1 when RLM is performed on this SSB means the TCI state is interpreted the other way around, which is conflicting with RAN1 spec.

Observation 3: If UE is not supposed to do Rx beam sweeping for RLM on the CSI-RS referred by the TCI state of a PDCCH, the CSI-RS has to be configured with a TCI state referring to other RS for L1-RSRP beam reporting.

Observation 4: The CSI-RS referred by the TCI state of another CSI-RS1 is the source where UE gets Rx beam information for the measuring the CSI-RS1. Applying N=1 when RLM is performed on this CSI-RS means the TCI state is interpreted the other way around, which is conflicting with RAN1 spec.

Proposal 1: N=1 does not apply for SSB based RLM.
Proposal 2: N=1 applies for CSI-RS based RLM if and only if the CSI-RS has a TCI state referring to other RS for L1-RSRP beam reporting and the resource is not in a resource set configured with repetition ON.
Proposal 3: For CSI-RS based RLM, the hypothetical PDCCH parameters are fixed as follow.

· Number of OFDM symbol: 2
· BW: same as CSI-RS BW
· SCS: same as CSI-RS SCS
· CP length: normal
4. Reference
[1]. R4-1813733, AdHoc Minutes for Signal characteristics, Intel
8
1

