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1
Introduction 
In RAN4 NR AH3 meeting, some agreements on RLM were achieved [1][2]. 
Agreements:
· 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 paper, we provide the simulation results of SINR estimation error based on [2] and discuss the remaining issue of evaluation period. 
2
Discussion on RLM evaluation period
Due to limited time allowed to finalize RLM core part, RAN4 agreed to use a model in Fig. 1 to speed up RLM progress. As shown in Fig. 1, RLM resource to PDDCH hypothetical BLER mapping can be divided into two steps:

· Step1: Estimating SINR based on RLM resource

· Step2: Mapping between estimated SINR and PDCCH hypothetical BLER
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Figure 1: RLM resource to PDCCH hypothetical BLER mapping

In this section, we discuss the detailed RLM resource to PDCCH hypothetical mapping in these two aspects, estimating SINR and mapping between SINR and PDCCH hypothetical BLER.

2.1 SINR estimation 

According to agreed simulation assumption [2], in Table 1, SINR estimation errors are summarized and SINR estimation errors at CDF of 5th, 50th and 95th percentile are provided as well. To simplify the discussion, throughout this paper we define bias and span as followings: 
· Bias: SINR estimation error at CDF of 50th percentile 

· Span: SINR estimation error difference between CDF of 95th percentile and CDF of 5th percentile
In Fig. 2, using EPA5 channel as an example, increasing SS block samples within evaluation period can reduce the span of SINR estimation error. 
Observation1: Increasing SS block samples within evaluation period can reduce the span of SINR estimation error.

With given SS sample number within evaluation period, span becomes larger when operating SNR is lower. Note that INS an OOS have separated PDCCH BLER settings targeting different required SNR. For INS, the operating SNR is higher and less samples are needed. With shorter INS evaluation period, UE can response much faster as radio link quality is recovering. For OOS, longer OOS evaluation is expected in order to maintain similar estimation quality for stable radio failure declaration.
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Figure 2: Span of SINR estimation error under EPA5
Proposal 1: INS and OOS evaluation period are different. OOS evaluation period is longer than INS evaluation period.
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Table 1: Summary of SINR estimation error

2.2 Mapping between estimated SINR and PDCCH hypothetical BLER
As shown in Fig.1, SINR estimation is just the first step. Even though UE can perfectly estimate the SINR, it is not guaranteed that an accurate PDCCH BLER estimation would come straightforwardly. The mapping between the SINR and PDCCH BLER requires extra effort from UE. 

UE needs to carefully consider when mapping estimated SNR to its PDCCH decoding performance in the second step. For an example, in LTE RLM OOS 2x2 tests, {SNR2, SNR3} are {-9.5dB, -13.5dB} and {-6.2dB, -12.2dB} for static channel and ETU70 channel, respectively. Due to different channel types, required SNR to achieve 2% PDCCH BLER is shifted 2.3dB from static channel to ETU70. This means that the channel type is also an important factor. In NR PDCCH design, it is more flexible than LTE PDCCH and there are more factors that will impact NR PDCCH performance including PDCCH PRB allocation, inter-leaver/localized REG to CCE mapping, precoder scheme and so on. Due to variant PDCCH setting, the diversity order may change accordingly and it shall be further studied.
	
	AWGN
	ETU70

	SNR2
	-9.5 dB
	-6.2dB

	SNR3
	-13.5 dB
	-12.2dB

	SNR for hypothetical PDCCH BLER
	-11.5 dB
	-9.2 dB

	Estimation accuracy requirement
	2 dB
	3 dB


Table 2: SNR setting in LTE OOS tests
Both bias and span will be introduced in these two steps. In NR, there are two types of RLM resources, i.e., CSI-RS and SS block. Time-domain density of NR RLM resource is far less than LTE CRS. When determining the number of sample needed in an evaluation period, we should note that the accuracy of SINR estimation is not the only factor to be considered, but also the accuracy of hypothetical BLER estimation based on SINR.  
Proposal 2: The PDCCH BLER estimating performance based on shall be further studied in RAN4.

Proposal 3: The exact value of evaluation period shall take the additional bias and span introduced by hypothetical BLER estimation into consideration.
3
Summary
In this contribution, we provided more discussion on RLM design. Based on the discussion, the following observations and proposals are given for consideration.
Observation1: Increasing SS block samples within evaluation period can reduce the span of SINR estimation error.

Proposal 1: INS and OOS evaluation period are different. OOS evaluation period is longer than INS evaluation period.
Proposal 2: The PDCCH BLER estimating performance based on shall be further studied in RAN4.

Proposal 3: The exact value of evaluation period shall take the additional bias and span introduced by hypothetical BLER estimation into consideration.
4
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5
Appendix

5.1 Simulation Settings

	Parameters
	Value

	
	Sub-6GHz

	Carrier frequency
	4GHz

	Subcarrier Spacing for SS block
	15KHz

	Bandwidth of SS block
	24 RBs

	Number of transmitted SS block within a SS burst set period (K)
	· Baseline: K=1

· Others are not precluded.

	RB utilization
	0%

	Reference signals
	· NR-SSS

	Transmission period of SS block 
	· 20ms

	Number of samples in L1 evaluation period
	· 5 samples, 10 samples, 20 samples;

	Transmit antennas
	1

	Receive antennas
	2

	Propagation conditions
	AWGN, EPA5, ETU30, ETU70

TDL-A/B/C 70Hz

	CP type
	Normal CP

	SNR
	[-14:2:0] dB


Table 3: Simulation Parameters
5.2 Simulation Results
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Figure 3: Static channel SINR estimation error
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Figure 4: EPA5 channel SINR estimation error
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Figure 5: ETU30 channel SINR estimation error
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Figure 6: ETU70 channel SINR estimation error
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Figure 7: TDL-A 70 channel SINR estimation error
TDL-B 70
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Figure 8: TDL-B 70 channel SINR estimation error
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Figure 9: TDL-C 70 channel SINR estimation error
