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1 Introduction

At RAN4#76, 4Rx RLM test case was discussed extensively, but there were no agreements [1].  The 4Rx RLM test case discussions covered the following:

· Different companies have different understanding on test scenarios and signalling design
· The outcome of the feasibility study is no consensus on the feasibility of introducing RLM tests with 4Rx
· Without 4Rx RLM tests all 4Rx capable UEs need to be tested by all existing RLM tests defined with 2Rx
In this contribution, we provide the analysis and feasibility of RLM with 4Rx. 
2 Discussion

In RAN4#76 meeting, in the 4Rx ad hoc for RRM sessions [1] there were many discussions on the RLM with 4Rx requirements, but RAN4 didn’t approved any agreements. There was no consensus reached on the feasibility of introducing RLM tests with 4Rx. Many companies had a different perceptive on test scenarios and signaling design. However, no matter what test scenarios and signaling design, UE certainly have to perform downlink reception with 4Rx in some condition, including PDCCH reception. 
Additionally, there have been many discussions about the test conditions for RLM with 4Rx test. One concern is that a UE is allowed to fallback to 2Rx in some situations. Therefore, it is necessary to define test conditions to ensure that a UE would operate with 4Rx for RLM with 4Rx test. However, different companies have a different understanding on the criteria of this fallback. Actually, there are several different ways to solve this problem as companies have presented their views on this issue. No consensus was reached on how to solve this issue.
When it comes to testing, whether an implementation would pass or fail the test case depends on the consideration of the test conditions and test setup. In TS 36.133 [2], RLM tests are based on the assumption that the UE have two antenna ports. Therefore, it needs to be considered how such a test could be reused for RLM with 4Rx (4 antenna ports). Clearly, it would be expected that a UE with 4Rx and compliant with radio link monitoring based on Qout and Qin as defined TS 36.133[2] would fail the test based on the currently specified SNR.
If the test case is expanded by one of the three options:

1. 2 antenna ports are left open

2. 100% correlation used pairwise connected

3. 2 antenna ports are left with zero input

It could be expected that the UE with 4Rx estimates close to the same overall SNR as a 2Rx UE. However, if the test case is not expanded by one of the three options, a UE with 4Rx would not be able to pass the current test cases. 
Observation 1: Without any changes to the current specification TS 36.133 [2], a UE with 4Rx and compliant with radio link monitoring based on Qout and Qin as defined TS 36.133[2] would fail the test based on the currently specified SNR.
In view of the fact that a UE with 4Rx performs better at PDCCH reception, the PDCCH boosting power can be reduced to improve throughput. Yet, due to better diversity of 4Rx compared with 2Rx, a 4Rx UE is capable of working normally under some low SNR level instead of detecting Out-of-sync. It is reasonable to define RLM with 4Rx test to verify UE corresponding behavior under such low SNR level, to make certain UE could perform RLM normally with 4Rx. Our view is that RLM tests with 4Rx are feasible.

Proposal 1: Introduce test for RLM with 4Rx. 
As specified in TS 36.133[2] clause 7.6, it does not specify anything about receiver type in the radio link monitoring core requirements. Therefore, if nothing was changed in the specification it would mean that any UE is expected to detect that a downlink radio link cannot be reliably received based on a PDCCH block error rate of 10% (Qout) and improve based on a PDCCH block error rate of 2%. 
Radio link monitoring is based on Qout and Qin as defined TS 36.133[2], which is corresponding to a hypothetical PDCCH transmission block error rate of 10% (Qout) and 2% (Qin), respectively.  This implies that Qin and Qout BLER could be the same in RLM test for both 4Rx and 2Rx UE.
	Radio Link Monitoring
The threshold Qout is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to 10% block error rate of a hypothetical PDCCH transmission.
      The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and shall correspond to 2% block error rate of a hypothetical PDCCH transmission.



Based on the companies’ simulation results, it could be observed that 4Rx UE receives better diversity gain compared with 2Rx UE. At RAN4#76, ZTE provided updated simulation results for RLM with 4Rx [3] in Table 1.

Table 1: SNR for RLM out-of-sync and in-sync simulation results

	
	Channel
	Antenna Configuration 
	SNR
	Gain(4Rx to 2Rx)

	Out-of-sync

@10% BLER
	AWGN
	1x2
	-13.17
	-

	
	
	1x4
	-15.02
	1.85

	
	
	2x2
	-13.18
	-

	
	
	2x4
	-15.06
	1.88

	
	ETU70
	1x2
	-10.07
	-

	
	
	1x4
	-12.55
	2.48

	
	
	2x2
	-10.66
	-

	
	
	2x4
	-13.14
	2.48

	In-sync

@2% BLER
	AWGN
	1x2
	-7.84
	-

	
	
	1x4
	-10.71
	2.87

	
	
	2x2
	-7.8
	-

	
	
	2x4
	-10.69
	2.89

	
	ETU70
	1x2
	-4.3
	-

	
	
	1x4
	-7.92
	3.62

	
	
	2x2
	-5.48
	-

	
	
	2x4
	-8.54
	3.06


If a UE operate using 4Rx then following this core specification, then it could be expected to detect and recover from radio link problems at approximately 2~3dB lower SNR compared to UE using 2Rx. 
Proposal 2: SNR level for RLM with 4Rx should be lower compared to that of 2Rx within a certain margin (2~3 dB) that could be confirmed among companies.
3 Conclusion 

In this contribution, we provided the analysis and feasibility of RLM with 4Rx. We also have the following observation and proposals.

Observation 1: Without any changes to the current specification TS 36.133 [2], a UE with 4Rx and compliant with radio link monitoring based on Qout and Qin as defined TS 36.133[2] would fail the test based on the currently specified SNR.
Proposal 1: Introduce test for RLM with 4Rx. 
Proposal 2: SNR level for RLM with 4Rx should be lower compared to that of 2Rx within a certain margin (2~3 dB) that could be confirmed among companies.
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