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1.  Introduction
In RAN4#74bis meeting, there were discussions on RLM for 4Rx [2-8] and way forward [1] on RLM requirements was agreed. The consensus on RLM requirements for 4Rx is as below.
· Radio link monitoring is based on Qin and Qout, which are corresponding to a hypothetical PDCCH transmission block error rate of 2% and 10% respectively. 
· Encourage interested companies to carry out link level simulation to investigate the RLM performance for 4 Rx. Preliminary simulation assumptions are given as below. 

In this paper we provide simulation results for RLM performance for 4Rx.
2. Discussion
2.1 Simulation assumptions
In [1] the preliminary simulation assumptions for RLM performance for 4Rx were provided. 

Table 1 PDCCH transmission parameters for Out-Of-Sync 
	Attribute 
	Value 

	DCI format 
	1A 

	Bandwidth 
	10 MHz 

	Antenna configuration: 
	1x2, 2x2, 1x4, 2x4 

	Channel model 
	AWGN, ETU70 

	Aggregation level (CCE) 
	8 

	Control channel space 
	2 symbols 

	Ratio of PDCCH RE energy to average RS RE energy 
	4 dB for (1x2, 1x4) antenna configuration 

1 dB for (2x2, 2x4) antenna configuration 

	DRX 
	OFF 

	L1 evaluation period: 
	200 ms 

	Note 1:
DCI format 1A is defined in clause 5.3.3.1.3 in TS 36.212. 

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed. 


Table 2 PDCCH transmission parameters for In-Sync 
	Attribute 
	Value 

	DCI format 
	1C 

	Bandwidth 
	10 MHz 

	Antenna configuration: 
	1x2, 2x2, 1x4, 2x4 

	Channel model 
	AWGN, ETU30 and ETU70 

	Aggregation level (CCE) 
	4 

	Control channel space 
	2 symbols 

	Ratio of PDCCH RE energy to average RS RE energy 
	0 dB for (1x2, 1x4) antenna configuration 

-3 dB for (2x2, 2x4) antenna configuration 

	DRX 
	OFF 

	L1 evaluation period: 
	100 ms 

	Note 1:
DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212. 

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed. 


2.2 Simulation Results
Simulation results are provided in Figure 1 and Figure 2.
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Figure 1. RLM out-of-sync performance for 4Rx
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Figure 2. RLM in-sync performance for 4Rx
Based on the simulation results, the SNR for RLM out-of-sync and in-sync are given in table 3.
Table 3 SNR at verification points (dB)
	
	Channel
	Antenna configuration 2x2 
	Antenna configuration 2x4
	Delta

	Out-of-Sync

10% BLER
	AWGN
	-9.43
	-11.71
	2.28

	
	ETU70
	-7.86
	-10.56
	2.70

	In-Sync

2% BLER
	AWGN
	-5.27
	-7.87
	2.60

	
	ETU70
	-2.83
	-6.52
	3.69


It is also observed that there are more than 2dB performance gap between 2Rx and 4Rx, so new test cases for RLM for 4Rx should be introduced to guarantee that UE using 4Rx could still be capable of maintaining radio link when UE using 2Rx could not. 
Observation 1: New test cases for RLM for 4Rx should be introduced to guarantee that UE using 4Rx could still be capable of maintaining radio link when UE using 2Rx could not.

3. Conclusions
In this paper we provided simulation results for RLM performance for 4Rx. Observations are summarized as below.
Observation 1: New test cases for RLM for 4Rx should be introduced to guarantee that UE using 4Rx could still be capable of maintaining radio link when UE using 2Rx could not.
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