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1. Introduction

This contribution provides a discussion on the RLM test cases.
2. Discussion 
For NR bands n7, n38, n41, n77, n78, and n79 the UE shall be equipped with 4RX ports as a baseline. To save power, fall back to 2RX is also allowed. According to the RAN agreement [1], RLM requirements shall be defined based on both 2RX and 4RX.
· RRM Requirements will be based on 2Rx

RLM requirements shall be defined based on both 2Rx and 4Rx

The proper antenna connection similar to LTE (defined in A.3.8.1 of TS36.133) will be defined to make 2Rx based RRM tests be applicable to NR UE equipped with 4Rx port.

·  The baseline Rx antenna port assumption for LTE operation for the UE is as defined in 36 series specifications today
In LTE, 2RX is the baseline to define the requirements and 4RX is not introduced until Rel-13.Different from LTE, 4RX is supported from the first stage of NR and is mandatory for many bands, to guarantee the performance of 4RX, the RLM test case based on 4RX shall be designed in Rel-15.
Proposal 1: it is proposed to introduce RLM test cases for both 2RX and 4RX in Rel-15.
Table 1 is the summary of simulation results. The simulation assumption is shown in the Annex.According to the simulation results, it can be seen that the SNR gap between 2RX and 4RX is about 3~4dB. In LTE, the margin between SNR2 and SNR3 is 3dB, the margin between SNR4 and SNR5 is 2.5dB. From simulation results, the SNR gap between in-sync and out-of-sync is about 7~8dB, the margin used in LTE can be reused for NR RLM.
Proposal 2: the margin 1 (3dB) and margin 2 (2.5dB) of LTE RLM can be reused for NR RLM.

Table 1 simulation results for SSB-based RLM
	SCS
	Channel
	Antenna configuration
	In-sync

SNR @ 2% BLER
	Out-of –sync

SNR @ 10% BLER

	15KHz
	AWGN
	2*2
	-4.6
	-12.5

	
	
	2*4
	-7.7
	-15.5

	
	TDL-C
	2*2
	-2.7
	-10.1

	
	
	2*4
	-6.6
	-13.3

	30KHz
	AWGN
	2*2
	-4.5
	-12.4

	
	
	2*4
	-7.5
	-15.4

	
	TDL-C
	2*2
	-2.8
	-10.6

	
	
	2*4
	-6.3
	-13.4


3. Conclusion
This contribution provides discussion on the RLM requirements. The observations and proposals are:
Proposal 1: it is proposed to introduce RLM test cases for both 2RX and 4RX in Rel-15.
Proposal 2: the margin 1 (3dB) and margin 2 (2.5dB) of LTE RLM can be reused for NR RLM.
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Table 1: Simulation assumption for SSB-based RLM, out-of-sync
	Parameter
	Unit
	Value

	Carrier frequency
	GHz
	FR1, 4 GHz
	FR1, 4 GHz

	CP length               
	
	Normal
	Normal

	NR Channel Bandwidth (BWchannel)
	MHz
	10
	40

	Subcarrier Spacing for SSB
	KHz
	15
	30

	Subcarrier Spacing for PDCCH
	KHz
	15
	30

	Antenna Configuration
	
	2x2; 2x4
	2x2; 2x4

	Out of sync transmission parameters (based on Table 8.1.2.1-1 in TS 38.133)


	DCI format
	
	1-0
	1-0

	
	DCI size without CRC
	
	39 bits
	41 bits

	
	Number of Control OFDM symbols
	
	2
	2

	
	Aggregation level 
	CCE
	8
	8

	
	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	dB
	4
	4

	
	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	dB
	4
	4

	
	Bandwidth of RMSI CORESET
	PRB
	24
	24

	
	DMRS precoder granularity
	
	REG bundle size
	REG bundle size

	
	REG bundle size
	
	6
	6

	
	Mapping from REG to CCE
	
	Distributed
	Distributed

	Propagation channel
	
	AWGN/TDL-C 300ns 100Hz
	AWGN/TDL-C 300ns 100Hz

	Outcome metric
	SNR levels corresponding to 10% PDCCH BLER

	Note 1: UE receiver assumptions: Real channel estimation, noise estimation and synchronization


Table 2: Simulation assumption for SSB-based RLM, In-sync

	Parameter
	Unit
	Value

	Carrier frequency
	GHz
	FR1, 4 GHz
	FR1, 4 GHz

	CP length               
	
	Normal
	Normal

	NR Channel Bandwidth (BWchannel)
	MHz
	10
	40

	Subcarrier Spacing for SSB
	KHz
	15
	30

	Subcarrier Spacing for PDCCH
	KHz
	15
	30

	Antenna Configuration
	
	2x2; 2x4
	2x2; 2x4

	In-sync transmission parameters (based on Table 8.1.2.1-2 in TS 38.133)
	DCI format
	
	1-0
	1-0

	
	DCI size without CRC
	
	39 bits
	41 bits

	
	Number of Control OFDM symbols
	
	2
	2

	
	Aggregation level 
	CCE
	4
	4

	
	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	dB
	0
	0

	
	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	dB
	0
	0

	
	Bandwidth of RMSI CORESET
	PRB
	24
	24

	
	DMRS precoder granularity
	
	REG bundle size
	REG bundle size

	
	REG bundle size
	
	6
	6

	
	Mapping from REG to CCE
	
	Distributed
	Distributed

	Propagation channel
	
	AWGN/TDL-C 300ns 100Hz
	AWGN/TDL-C 300ns 100Hz

	Outcome metric
	SNR levels corresponding to 2% PDCCH BLER

	Note 1: UE receiver assumptions: Real channel estimation, noise estimation and synchronization


