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Introduction
In RAN#90e meeting, a Rel-17 work item for support of reduced capability NR devices was approved and the WID was further updated in RAN#92e [1]. One of the key objectives of the work-item is to provide support for UE complexity reduction features. In the previous RAN4 meetings, it was agreed that reduced minimum number of Rx branches is one such UE complexity reduction feature which is likely to impact RRM requirements such as RLM/BFD evaluation periods, cell search and measurement delays and accuracies etc. · Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.



Simulation assumptions to evaluate the RLM and BFD performance for RedCap UEs with 1 Rx were agreed in RAN4#100e [2]. In this contribution, we provide the simulation results based on the agreed simulation assumptions and present our views on the impact of 1Rx on RLM/BFD evaluation periods.
Simulation results for RLM 
In this section, we present the SINR estimation accuracy results for a subset of SINR points in Table 1 (for 30kHz SSB SCS) and Table 2 (for 15kHz SSB SCS)
Table 1 and table 2 show the delta SINR range (difference between 95 percentile and 5 percentile delta SINR) for some of the randomly selected SINR points for 30kHz and 15kHz SSB SCS respectively. Corresponding CDF curves are provided in the appendix.
Table 1：Delta SNR Range for 30kHz SSB SCS
	Channel
	Ideal SNR (dB)
	2 Rx (Delta SINR Range)
	1 Rx (Delta SINR Range)

	
	
	5 Samples
	10 Samples
	5 Samples
	10 Samples
	20 Samples

	AWGN
	-7
	1.48
	1.11
	1.87
	1.43
	0.94

	
	-4
	1.05
	0.83
	1.4
	1.03
	0.72

	TDL-A 30ns 100Hz
	-1
	4.61
	3.58
	6.87
	4.99
	3.57

	
	5
	4.59
	3.4
	6.95
	4.94
	3.49

	TDL-B 100ns 100Hz
	-3
	3.71
	2.67
	5.15
	3.79
	3.43

	
	4
	3.75
	2.45
	5.16
	3.79
	3.34

	TDL-C 300ns 100Hz
	-3
	3.66
	2.92
	4.88
	3.21
	2.08

	
	3
	3.62
	2.93
	4.54
	2.82
	1.99



Table 2：Delta SNR Range for 15kHz SSB SCS
	Channel
	Ideal SNR (dB)
	2 Rx (Delta SNR Range)
	1 Rx (Delta SNR Range)

	
	
	5 Samples
	10 Samples
	5 Samples
	10 Samples
	20 Samples

	AWGN
	-7
	1.46
	1.09
	2.07
	1.32
	0.91

	
	-4
	1.09
	0.75
	1.5
	1
	0.77

	TDL-A   30ns 100Hz
	-1
	4.55
	3.73
	6.3
	4.53
	3.23

	
	5
	4.63
	3.5
	6.28
	4.33
	3.04

	TDL-B 100ns 100Hz
	-3
	4.19
	2.91
	6.31
	4.44
	3.13

	
	4
	4.19
	3.1
	6.16
	4.36
	2.93

	TDL-C 300ns 100Hz
	-3
	3.64
	2.81
	5.88
	4.19
	3.08

	
	3
	3.81
	2.71
	6
	4.39
	3.1



[bookmark: _Hlk85748448]Based on the simulation results, for TDL-A channel, SINR measurement accuracy of 1 Rx UE is worse than that of a 2 Rx UE by more than 1.18 db with 5 samples evaluation period and by more than 0.8 db with 10 samples evaluation period. RLM test cases typically assume TDL-C channel for which 1Rx performs worse than 2Rx by more than 0.5 db with 5 sample evaluation period and by more than 0.3 db with 10 sample evaluation period. However, 1 Rx UE with double the evaluation period performs very close to a 2 Rx UE.
Observation 1: In TDL-A 30ns channel, 1 Rx UE performs worse than 2 Rx UE by 
· >1.18 db with 5 samples evaluation period
· >0.8 db with 10 samples evaluation period

Observation 2: In TDL-C 300ns channel, 1 Rx UE performs worse than 2 Rx UE by 
· >0.51 db with 5 samples evaluation period
· >0.3 db with 10 samples evaluation period

Observation 3: 1 Rx UE with double the evaluation period gives SINR measurement accuracy very close to that of a 2 Rx UE. 
Proposal 1: For 1 Rx UEs, increase the evaluation period for BFD, RLM-IS and RLM-OOS by a factor of 2
· Allow 10 samples for IS and BFD evaluation period
· Allow 20 samples for OOS evaluation period

Observation 4: Even after doubling the evaluation period, measurement accuracy of 1 Rx UE may not be the same as that of a 2 Rx UE in some scenarios. A small amount of additional SNR margin will be needed in test cases to compensate for this difference.
Proposal 2: Adopt one of the following two approaches in test cases for 1 Rx UEs to mitigate the performance differences, in terms of PDCCH BLER, between 1 Rx and 2 Rx:
· Increase test case SNR (w.r.t. 2 Rx configurations)
· Increase the ratio of hypothetical PDCCH RE energy and PDCCH DMRS energy to average SS RE energy (w.r.t. 2 Rx configurations)

Conclusion
Observation 1: In TDL-A 30ns channel, 1 Rx UE performs worse than 2 Rx UE by 
· >1.18 db with 5 samples evaluation period
· >0.8 db with 10 samples evaluation period

Observation 2: In TDL-C 300ns channel, 1 Rx UE performs worse than 2 Rx UE by 
· >0.51 db with 5 samples evaluation period
· >0.3 db with 10 samples evaluation period

Observation 3: 1 Rx UE with double the evaluation period gives SINR measurement accuracy very close to that of a 2 Rx UE. 
Proposal 1: For 1 Rx UEs, increase the evaluation period for BFD, RLM-IS and RLM-OOS by a factor of 2
· Allow 10 samples for IS and BFD evaluation period
· Allow 20 samples for OOS evaluation period

Observation 4: Even after doubling the evaluation period, measurement accuracy of 1 Rx UE may not be the same as that of a 2 Rx UE in some scenarios. A small amount of additional SNR margin will be needed in test cases to compensate for this difference.
Proposal 2: Adopt one of the following two approaches in test cases for 1 Rx UEs to mitigate the performance differences, in terms of PDCCH BLER, between 1 Rx and 2 Rx:
· Increase test case SNR (w.r.t. 2 Rx configurations)
· Increase the ratio of hypothetical PDCCH RE energy and PDCCH DMRS energy to average SS RE energy (w.r.t. 2 Rx configurations)

Appendix
CDF curves for various SNR points for 30 kHz SSB SCS
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CDF curves for various SNR points for 15 kHz SSB SCS
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