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1. Introduction

In last RAN4 meeting, RLM requirements for NR have been discussed and a way forward was agreed and stated as follow:

	· Following aspects are to be specified in 38.133 core part

· Hypothetical PDCCH transmission parameters

· It will be decided by RAN4 based on typical scheduling parameters for IN/OOS conditions, after RAN1 finalizes the PDCCH design. 

· Parameters at least include DCI format, aggregation level, power boost. Other parameters are not precluded.

· BLER levels to derive Qin and Qout

· It will follow network configuration (the configured pair of IN/OOS BLER).

· One pair of BLER values is ([10%], [2%]) for (Qout and Qin), the other one is FFS.

· Evaluation period 
· It will be determined based on link level simulation.
· Periodicity of periodic IN/OOS indication
· It will be measurement interval for RLM monitoring.
· UE shall be able to monitor X RLM-RS resources at least for SSB based RLM.

· FFS if any UE capability is needed, e.g. related to number of SSBs UE can monitor or number of PDCCHs 

· FFS if and how measurement gaps need to be considered for SSB based RLM.

· RAN4 may need to discuss aperiodic IN/OOS indication related to beam management after RAN1/RAN2 finalize the discussions.

· Companies are encouraged to provide simulation results in order to derive evaluation period based on R4-1709896.

· Companies are encouraged to bring views on the other pair of IN/OOS BLER.


In this contribution, we will provide our further considerations on RLM requirements for NR.
2. Discussion
Based on the way forward for RLM in NR, we provide discussion on the following aspects in this section.
· Hypothetical PDCCH transmission parameters

UE perform measurements on RLM-RS to derive a hypothetical PDCCH BLER in order to evaluate a cell quality and compare it with the threshold to determine in-sync/out-of-sync indication. RAN4 needs to study the hypothetical NR-PDCCH transmission parameters for in-sync/out-of-sync. At least RAN4 shall specify DCI format, aggregation level, the number of control symbol and power boost value.

DCI format determines the number of information bits for PDCCH transmission. Aggregation level determines the number of resource elements used for PDCCH transmission. The coding rate for PDCCH depends on both DCI format and aggregation level, which significantly determine the PDCCH transmission performance. Usually a higher aggregation level will be configured in a worse situation, and aggregation level used for out-of-sync evaluation may higher than that for in-sync evaluation.

The number of control symbol may need to be defined under specific bandwidth range. RAN1 agreed to support control region with 1/2/3-symbol. When a high aggregation level was adopted for hypothetical PDCCH transmission, the control region cannot occupy only one symbol under a small bandwidth in order to guarantee the sufficient resource elements. The applicable bandwidth range could be expressed as a multiple number of RBs, which ensures enough resource elements available for PDCCH transmission with a given aggregation level.
The power boost value is usually defined as a relative power offset compared to RS.
Proposal 1: It is suggested that the hypothetical NR-PDCCH transmission parameters for in-sync/out-of-sync shall at least include the following aspects:
· DCI format

· Aggregation level

· Number of control symbol

· PDCCH power boost

· BLER levels to derive Qin and Qout

The threshold Qout is defined as the level at which the downlink radio link cannot be reliably received, and the threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout. Due to the QoS requirements of different services, UE may be configured with different BLER values for in-sync/out-of-sync evaluations. An LS on in-sync/out-of-sync BLER was sent to RAN4 and the following agreements were made in RAN1.
	· For a cell group, 

· A single IS or OOS is reported by the UE 

· A single IS BLER is configured for a UE at time

· A single OOS BLER is configured for a UE at a time

· Configurable from two pairs of values for IS/OOS BLERs

· Detailed pair of values up to RAN4 to decide

· FFS whether the configuration is an explicit RRC configuraiotn or implicitly derived from other parameter

· FFS the case of URLLC & mMTC

Also, for the two pairs of values for IS/OOS BLERs, RAN1 discussed use cases such as VoIP vs. eMBB.


Based on the agreements, RAN4 need to define two pairs of BLER values to derive the threshold Qout/Qin and which pair of BLER values will be applied depends on network configurations. Currently, RAN4 agreed that one pair of BLER values is [10%, 2%] for Qout/Qin and the other pair needs further study. However, the pair of BLER values depends on the target supported services. Whether the services with a higher reliability or a lower reliability determines the BLER values are larger than [10%, 2%] or smaller than [10%, 2%].
Proposal 2: RAN4 need to study whether to define a pair of BLER values larger than [10%, 2%] or smaller than [10%, 2%].
· Periodicity of periodic IN/OOS indication

Both SS block and CSI-RS are periodically transmitted and the value of the periodicity is configurable. The periodicity of periodic IS/OOS indication can be defined as the RLM-RS transmission periodicity. When DRX is used, the periodicity of periodic IS/OOS indication can be defined as the maximum value between DRX cycle length and RLM-RS period. 
In case of above 6GHz, UE Rx beamforming is considered, and measurement gaps may be needed for UE performing RLM measurement over each UE Rx beam. In this case, the periodicity of IS/OOS indication can be defined as the measurement gap repetition period.
Proposal 3: It is suggested that the periodicity of IS/OOS indication can be defined as the maximum value among RLM-RS transmission periodicity, measurement gap repetition period and DRX cycle length.
· RLM Evaluation period

In order to provide long-term cell-level link quality information, the estimated PDCCH BLER should be measured over a certain RLM evaluation period. Obviously, the evaluation period shall be long enough to provide sufficient measurement samples in order to obtain an accurately estimated PDCCH BLER. However, too long evaluation period might not reflect the change of control channel quality timely. Hence, the proper evaluation period should be investigated for RLM requirements.
The simulation results of SSB based RLM evaluation period are provided in [3], it can be observed that the RLM measurement for 5 samples evaluation period can achieve a comparable accuracy with LTE requirements. Obviously UE can obtain a higher RLM measurement accuracy with 10 samples evaluation period or even with 20 samples evaluation period. The 20 samples evaluation period can be applied for a short periodicity of IS/OOS indication, while 5 samples evaluation period can be applied for a longer periodicity of IS/OOS indication. For example, the 20 samples evaluation period can be applied for 10ms periodicity of IS/OOS indication which allows 200ms evaluation period, and 5 samples evaluation period can be applied for 160ms periodicity of IS/OOS indication which allows 800ms evaluation period.
Proposal 4: It is suggested that the RLM evaluation period can be defined as a multiple of IS/OOS indication periodicity and the value of number can be specific defined for different range of periodicity values.
3. Conclusions

This contribution provides the analysis on RLM requirements in NR. The following proposals are provided:
Proposal 1: It is suggested that the hypothetical NR-PDCCH transmission parameters for in-sync/out-of-sync shall at least include the following aspects:
· DCI format

· Aggregation level

· Number of control symbol

· PDCCH power boost

Proposal 2: RAN4 need to study whether to define a pair of BLER values larger than [10%, 2%] or smaller than [10%, 2%].
Proposal 3: It is suggested that the periodicity of IS/OOS indication can be defined as the maximum value among RLM-RS transmission periodicity, measurement gap repetition period and DRX cycle length.

Proposal 4: It is suggested that the RLM evaluation period can be defined as a multiple of IS/OOS indication periodicity and the value of number can be specific defined for different range of periodicity values.
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