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1. Introduction

In NR, the initial version of radio link monitoring requirements was defined in [1]. However, there are still many aspects to be further clarified in RLM core requirements. In this contribution, we will provide our further considerations on RLM requirements for NR.
2. Discussion
2.1. Maximum number of monitored RLM-RS
In RAN1, the following agreements on number of RLM-RS resources have been captured in [2, 3].
	Agreements: (RAN1 meeting #90bis)
· NR supports configuration of at most X number of RLM-RS (CSI-RS and/or SSB) resources for a UE

· final value of X to be determined in the next meeting and (X <= [8])

· Note: in the deployment scenario where BM is needed, the BM processing and reporting are a pre-requisite for the network to select up to X RLM-RSs.

· FFS: whether to have different number for sub 6 and above 6 GHz

Agreements: (RAN1 meeting #91)
· NR supports different maximum number of configured RLM-RS for different frequency ranges

· No need to support RLM capability signalling regarding # of RLM-RS for any frequency range.

Agreements: (RAN1 meeting #91)
· For value of X:

· For below 3GHz:  X = 2

· For above 3GHz and below 6GHz: X = 4

· For above 6GHz: X = [8]


It can be observed that the maximum number of configured RLM-RS resources is frequency range specific. The corresponding requirements shall be captured in RLM requirements in TS38.133.
Proposal 1: The requirement on maximum number of configured RLM-RS resources shall per-frequency range defined as follows.
· For below 3GHz: 2

· For above 3GHz and below 6GHz: 4

· For above 6GHz: 8
2.2. Values of BLER pair#1
In RAN4, two pairs of BLER values to derive the threshold Qout/Qin need to be defined. Generally, the PDCCH transmission performance is associated with PDSCH transmission performance. In RAN1, the following agreements on CQI tables and MCS for PDSCH were achieved:

	Agreement: (RAN1 meeting #90bis)
Two separate CQI tables are supported for eMBB 

One for maximum modulation order is 256-QAM

One for maximum modulation order is 64-QAM

The target BLER for CQI tables is 10%
Note: RRC signalling is used by gNB to select one of the above two tables 

Agreement: (RAN1 meeting #90bis)
N separate CQI table(s) are supported for URLLC

· Downselect the value of N between 1 or 2

Two target BLER are supported for URLLC

· Note: RRC signalling is used by gNB to select one of the two target BLER

· Note: The configuration of target BLER or CQI table is part of CSI report setting 

Working Assumption (RAN1 meeting #91)
Reuse the LTE CQI table for maximum modulation order of 256 QAM for eMBB.

…

Working Assumption: (RAN1 meeting #91)
Reuse the LTE MCS table for PDSCH for modulation schemes up to 64 QAM and 256 QAM with code rate changed to [x 1024] as shown in Tables 2 and 3

· These tables apply for eMBB
…

Agreement: (RAN1 meeting #91)
In NR, when a UE is configured to report subband CQI, use the same scheme as LTE for eMBB:

…


It can be observed that LTE CQI tables for PDSCH are reused for eMBB scenarios in NR, and the target BLER for eMBB scenarios is 10-1, which is also as same as LTE. Currently, the values of BLER pair#0 have been defined as [10%, 2%], which reuse the LTE RLM requirements. Hence, the configuration of BLER pair#0 is targeted for eMBB scenarios.

Besides eMBB scenarios, the URLLC scenarios are also considered in NR. The configuration of BLER pair#1 can be targeted for URLLC scenarios Although the CQI table(s) and target BLER have not been concluded in RAN1, it is foreseeable that a higher reliability transmission is required for URLLC. In RAN1, the target BLER for URLLC is considered to be 10-3 or 10-5 or even lower than 10-5. Generally, the MCS level used for PDCCH transmission is usually lower than the MCS level used for PDSCH transmissions as to achieve a more reliable transmission. So, the values of BLER pair#1 will be smaller than BLER pair#0.

Hence, it is suggested that BLER pair#1 is defined for URLLC scenarios which requires a much higher reliability transmission than eMBB.
Proposal 2: The values of BLER pair#1 are proposed to be defined for URLLC scenarios, which require a higher reliability transmissions.

2.3. PDCCH transmission parameters

In RRC_CONNECTED state, the UE is required to monitor the downlink radio link quality of PCell and/or PSCell. For RLM, since it was agreed in RAN1 that UE could assume same antenna port between hypothetical PDCCH and RLM-RS, the SINR level of RLM-RS would be allowed to represent the SINR level of PDCCH. Both CSI-RS and SSB can be used as RLM-RS. The UE shall perform downlink link quality evaluation based on the configured RLM-RS resources. UE performs measurements on each configured RLM-RS resource to derive a hypothetical PDCCH BLER (or other SINR-like metric) by using mapping function. The mapping function for estimating the link quality (e.g., SINR-like metric or PDCCH BLER) relies on the hypothetical PDCCH transmission parameters, which is independent of RLM-RS type configuration. RLM-RS type (SSB or CSI-RS) might only impact on the SINR measurement performance and the estimation accuracy of PDCCH BLER.
If the hypothetical PDCCH transmission parameters were separately defined for SSB based RLM and CSI-RS based RLM, the corresponding SINR levels of threshold Qout/Qin might not be aligned between SSB based RLM and CSI-RS based RLM.

The threshold Qin corresponds to the level of hypothetical PDCCH transmission with BLERin, and threshold 
Proposal 3: For hypothetical PDCCH transmission parameters, the same requirements can be used for both SSB-based RLM and CSI-RS based RLM.

As we mentioned above, the BLER pair#0 is configured for eMBB scenarios and BLER pair#1 is configured for URLLC scenarios. Since the requirements for URLLC scenario are different from the requirements for eMBB scenario, the PDCCH transmission parameters are suggested to be defined separately for BLER pair#0 and BLER pair#1. If the same hypothetical PDCCH transmission parameters (same payload size and code rate), the corresponding SINR levels of threshold Qout/Qin would be much higher than expected is needed.

Proposal 4: For hypothetical PDCCH transmission parameters, different requirements are defined separately for BLER pair#0 and BLER pair#1.

2.4. RLM Evaluation period

In previous RAN4 meetings, companies provided the simulation results of SSB based RLM evaluation periods. Based on those simulation results, the L1 evaluation periods for SSB based RLM are finally defined as 10 samples for out-of-sync evaluation and 5 samples for in-sync evaluation. The similar methodology can be reused for investigating CSI-RS based RLM evaluation periods.

Proposal 5: Simulation works are needed for studying the requirements on L1 evaluation periods forCSI-RS based RLM.
3. Conclusions

This contribution provides the analysis on RLM requirements in NR. The following proposals are provided:
Proposal 1: The requirement on maximum number of configured RLM-RS resources shall per-frequency range defined as follows.
· For below 3GHz: 2

· For above 3GHz and below 6GHz: 4

· For above 6GHz: 8
Proposal 2: The values of BLER pair#1 are proposed to be defined for URLLC scenarios, which require a higher reliability transmissions.

Proposal 3: For hypothetical PDCCH transmission parameters, the same requirements can be used for both SSB-based RLM and CSI-RS based RLM.

Proposal 4: For hypothetical PDCCH transmission parameters, different requirements are defined separately for BLER pair#0 and BLER pair#1.

Proposal 5: Simulation works are needed for studying the requirements on L1 evaluation periods for CSI-RS based RLM.

4. Reference
[1]. TS 38.133 v15.0.0, “NR; Requirements for support of radio resource management”

[2]. Chairman’s Notes, 3GPP RAN1 meeting #9bis, Oct. 2017.
[3]. Chairman’s Notes, 3GPP RAN1 meeting #91, Nov. 2017.
8
4

