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1 
Introduction
In last RAN#67 meeting a new WI of DL 4Rx antenna ports was discussed [1]. And the simulation assumption to investigate RLM performance for DL 4Rx was agreed [1].
In this contribution RLM link level simulation results based on the agreed simulation assumption in [1] are presented and some further considerations on RLM testing parameters of the DL 4Rx are also provided. 
2 
Simulation results
The simulations assumptions for in-sync(IS) and out-of-sync(OOS) based on [1] are shown in table 1 and table 2 respectively: 
Table 1: PDCCH/PCFICH transmission parameters for in-sync

[image: image1.png]Attribute

Value

DClI 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 DCl format 1Cis definedin clause 5.3.3.1.4in TS 36.212.
Note 2: A hypothetical PCFICH transmission corresponding to the number of
control symbols shall be assumed.





Table 2: PDCCH/PCFICH transmission parameters for out-of-sync

[image: image2.png]Attribute Value
DCl 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 DCl format 1Ais definedin clause 5.3.3.1.3in TS 36.212.
Note 2: A hypothetical PCFICH transmission corresponding to the number of
control symbols shall be assumed.





The simulation results of in-sync(IS) and out-of-sync(OOS) are given in the Figure1 and Figure 2 respectively.
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Figure 1a. 
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Figure 1b.
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Figure 2a.
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Figure 2b.


For RLM testing when 4 RX is the baseline simulation assumption, PDCCH/PCFICH BLER performance was improved compared with 2Rx cases. 
Observation 1: 4RX UE provides better PDCCH/PCFICH demodulation performance than the legacy 2Rx UE because of the higher antenna diversity gain. The corresponding Qin and Qout shall be different for 4Rx in comparison with the existing 2Rx based testing parameters. 

In general, one of purposes of RLM test is to verify that the UE can detect the OoS /IS and monitor downlink radio link quality correctly. For example, when UE’s BLER is higher than 10% at the SINR threshold of OoS (Qout), the counter of RLF (N310) will be triggered. Due to the PDCCH/PCFICH performance gap between 4Rx and 2Rx, it is impossible to reuse Qout of 2RX UE fo 4Rx UE. Same analysis can be applicable for the other RLM testing parameters accordingly, e.g. Qin. Therefore, new test parameters including Qout and Qin need to be specified for 4RX UE.
Observation 2: Without defining new 4Rx based test cases, 4Rx UE cannot pass the existing RLM test cases.

Proposal 1: New RLM test cases including new parameters (e.g. Qin and Qout) shall be defined for 4RX WI [1].
Proposal 2:  Based on the simulations results of OOS and IS above, it is proposed Qout and Qin for 4RX can be as :
	
	Channel 
model
	Antenna configuration
	((A, (B)
	DCI
	Aggregation level (CCE)
	Verification point
	SNR(dB)

	OOS


	AWGN

	1x4
	0dB
	1A
	8
	10%
	-12.0

	
	
	2x4
	-3dB
	1A
	8
	10%
	-14.6

	
	ETU70

	1x4
	0dB
	1A
	8
	10%
	-10.5

	
	
	2x4
	-3dB
	1A
	8
	10%
	-13.2

	IS

	AWGN

	1x4
	0dB
	1C
	4
	2%
	-10.2

	
	
	2x4
	-3dB
	1C
	4
	2%
	-13.1

	
	ETU70
	1x4
	0dB
	1C
	4
	2%
	-8.5

	
	
	2x4
	-3dB
	1C
	4
	2%
	-11.5


3 
Conclusion
In this contribution, our preliminary views from RRM perspective on WI of 4RX [1] are presented. In conclusion, the following proposals can be drawn: 
Proposal 1: RLM core requirements based on 2Rx as baseline receiver [2] can be reusable for 4RX UE. 

Proposal 2:  Based on the simulations results of OOS and IS above, it is proposed Qout and Qin for 4RX can be as :
	
	Channel 

model
	Antenna configuration
	((A, (B)
	DCI
	Aggregation level (CCE)
	Verification point
	SNR(dB)

	OOS


	AWGN


	1x4
	0dB
	1A
	8
	10%
	-12.0

	
	
	2x4
	-3dB
	1A
	8
	10%
	-14.6

	
	ETU70


	1x4
	0dB
	1A
	8
	10%
	-10.5

	
	
	2x4
	-3dB
	1A
	8
	10%
	-13.2

	IS


	AWGN

	1x4
	0dB
	1C
	4
	2%
	-10.2

	
	
	2x4
	-3dB
	1C
	4
	2%
	-13.1

	
	ETU70
	1x4
	0dB
	1C
	4
	2%
	-8.5

	
	
	2x4
	-3dB
	1C
	4
	2%
	-11.5
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