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1 Introduction
In this contribution we discuss further aspects for RRM and RLM testing of type 2 UEs. During the RRM adhoc in RAN4#78[1], it was agreed:
· RLM

· Type 1 UE is tested on a 2RX band using existing 2RX test

· Type 2 UE is tested using Connect all 4 of the 4 Rx with data source from SS to perform modified 2Rx tests, lowering thresholds related to Qout by XdB (e.g. X=3). Thresholds between Qin and Qout may need special consideration, correct SNR4 setting is FFS

· capture all of the agreements as much as possible in applicability rules section and not modify existing tests

2 Discussion
In RAN4#78bis, we discussed [4] changes to 36.133 based on the agreements from RAN4#78, and provided a CR [5] which was intended to implement the agreements. The CR is not yet agreed. Meanwhile, the discussion on antenna connection and applicability rules for demod and CSI testing has continued. In our contribution [REF] on demod antenna connection, we discuss introduction of a 2RX test command.
	Observation 1: The dilemma now is each antenna connection option has its advantage and disadvantage and none of them fulfils all the test purposes.

Observation 2: For UE performance tests it’s critical to verify both the new 4Rx features together with the legacy features e.g. NAICS tests that won’t be passed by 4Rx.

Then one more consideration as a compromise to solve the issues for Type 2 UE is to consider test command for the SS to control the UE to run into test mode with only 2 of the 4Rx switched on. Based on this the antenna connection of Type 2 UE can be the following. CR is prepared in [3] including also the agreements made for Type 1 UEs and CA/DC tests. And an LS to RAN5 is drafted in [4] to further explain the situation to RAN5.

•
Connect 2 of the 4 Rx with data source from SS depending on the UE’s declaration and AP configuration, to perform 2Rx tests with test command from SS for the UE to switch on only 2 of the 4Rx, keeping the same requirements as 2Rx tests.

Proposal 1: Use test command from SS to perform the 2Rx tests in test mode for the Type 2 4Rx capable UEs.


In general, the testing of type 1 UEs seems clear for all tests except the band dependent tests in 36.133 section A.9. Band independent tests can simply be performed on a 2RX band and directly used to test the UE. So the main focus area in the discussion is band dependent tests from A.9 which need to be executed on all bands, and the testing of type 2 UEs which cannot be tested on a 2RX band, and especially how to perform RLM testing with a type 2 UE which may fail a test case with SNR profile designed for type 1 UEs.

If a 2RX test command was introduced for demod and CSI testing it would also be very natural to use the 2RX test command for RRM and RLM testing of type 2 UEs.  Based on this, we propose that even though RRM and RLM testing agreements were reached in RAN4#78, RAN4 would wait to see how demod and CSI tests are specified before implementing a CR. The agreements from RAN4#78 should certainly be the baseline approach and our view is that RRM/RLM antenna connection method discussions should be somewhat more straightforward than demod/CSI, but nevertheless it would be useful to have a complete picture of how all the testing of a 4RX UE is performed using legacy (2RX) tests.
Observation 1: If it is decided to use a 2RX test command for demod tests, it would be very natural to use it for at least testing of type 2 UE with existing RLM test cases.
. 
Proposal 1:  Agreements for 36.133 4RX RRM and RLM testing shall be captured in specifications at the same time as for 36.101.

If a 2RX test command is agreed, we think that the use of the test command could be discussed for at least the following cases

· Testing of band dependent tests in chapter A.9 for all 4RX UEs.

· Testing of RLM tests for type 2 UEs

· Testing of other RRM tests for type 2 UEs.

Anyway, it would be beneficial to use the same approach in 36.133 as for 36.101, so once the usage is discussed in relation to 36.101, it should be straightforward to discuss the proper approach for 36.133.
Particularly for RLM tests, the test command would mean that the existing tests could be directly reused even with a 4RX type 2 UE, or a dual connectivity RLM test involving PSCell on a 4RX band,  as the UE would be switched to 2RX operation for the duration of the test, and there would no need to adjust any SNR threshold in any of the tests.
In case there is a need to make RLM tests with modified SNR thresholds for 4RX UEs, we provide the following discussion:

Regarding the discussion of [4] and [5], in RAN4#78bis, there were two main discussions.

The first was regarding the alignment of the RLM results in the simulation campaign that was carried out for RAN4#75. There was a reasonably large spread in the results although there was good alignment between different companies on the difference between 2RX and 4RX performance. A summary of the results is shown in table 1:

	Scenario
	Channel model
	Antenna configuration
	Ericsson
	ZTE
	Intel
	Huawei
	Nokia networks

	 
	 
	 
	R4-152846
	R4-153184
	R4-153579
	R4-152933
	R4-153212

	Out of sync
10% BLER
	AWGN
	1x2
	-13.32
	 
	-9.6
	-12.8
	-11.6

	
	
	1x4
	-15.7
	 
	-12
	-14.9
	-13.8

	
	
	Delta
	2.38
	 
	2.4
	2.1
	2.2

	
	
	2x2
	-10.87
	-9.43
	-12.1
	-12.4
	-11.6

	
	
	2x4
	-13.53
	-11.71
	-14.6
	-15.2
	-13.9

	
	
	Delta
	2.66
	2.28
	2.5
	2.8
	2.3

	
	ETU70
	1x2
	-9.2
	 
	-7.5
	-9.8
	-10

	
	
	1x4
	-12.58
	 
	-10.5
	-12.8
	-12.8

	
	
	Delta
	3.38
	 
	3
	3
	2.8

	
	
	2x2
	-8.42
	-7.86
	-10.5
	-10
	-10.8

	
	
	2x4
	-11.48
	-10.56
	-13.2
	-12.9
	-13.2

	
	
	Delta
	3.06
	2.7
	2.7
	2.9
	2.4

	In sync
2% BLER
	AWGN
	1x2
	-7.94
	 
	-7.2
	-7
	-6.9

	
	
	1x4
	-10.76
	 
	-10.2
	-10
	-9.3

	
	
	Delta
	2.82
	 
	3
	3
	2.4

	
	
	2x2
	-4.99
	-5.27
	-10.3
	-7
	-6.9

	
	
	2x4
	-7.91
	-7.87
	-13.1
	-10.6
	-9.4

	
	
	Delta
	2.92
	2.6
	2.8
	3.6
	2.5

	
	ETU30
	1x2
	-4.75
	 
	 
	 
	-4.8

	
	
	1x4
	-8.65
	 
	 
	 
	-8

	
	
	Delta
	3.9
	 
	 
	 
	3.2

	
	
	2x2
	-3.34
	 
	 
	 
	-5.7

	
	
	2x4
	-6.57
	 
	 
	 
	-8.6

	
	
	Delta
	3.23
	 
	 
	 
	2.9

	
	ETU70
	1x2
	-3.96
	 
	-5.2
	-5.4
	-4.7

	
	
	1x4
	-7.39
	 
	-8.5
	-8.5
	-8

	
	
	Delta
	3.43
	 
	3.3
	3.1
	3.3

	
	
	2x2
	-3.14
	-2.83
	-8.5
	-6.6
	-5.6

	
	
	2x4
	-6.09
	-6.52
	-11.5
	-9.4
	-8.7

	
	
	Delta
	2.95
	3.69
	3
	2.8
	3.1


	Scenario
	Channel model
	Antenna configuration
	 
	
	

	 
	 
	 
	Average
	STD
	Span

	Out of sync
10% BLER
	AWGN
	1x2
	
	
	

	 
	 
	1x4
	
	
	

	 
	 
	Delta
	2.27
	0.14
	0.3

	 
	 
	2x2
	
	
	

	 
	 
	2x4
	
	
	

	 
	 
	Delta
	2.51
	0.23
	0.52

	 
	ETU70
	1x2
	
	
	

	 
	 
	1x4
	
	
	

	 
	 
	Delta
	3.05
	0.24
	0.58

	 
	 
	2x2
	
	
	

	 
	 
	2x4
	
	
	

	 
	 
	Delta
	2.75
	0.25
	0.66

	In sync
2% BLER
	AWGN
	1x2
	
	
	

	 
	 
	1x4
	
	
	

	 
	 
	Delta
	2.81
	0.28
	0.6

	 
	 
	2x2
	
	
	

	 
	 
	2x4
	
	
	

	 
	 
	Delta
	2.88
	0.43
	1.1

	 
	ETU30
	1x2
	
	
	

	 
	 
	1x4
	
	
	

	 
	 
	Delta
	3.55
	0.49
	0.7

	 
	 
	2x2
	
	
	

	 
	 
	2x4
	
	
	

	 
	 
	Delta
	3.07
	0.23
	0.33

	 
	ETU70
	1x2
	
	
	

	 
	 
	1x4
	
	
	

	 
	 
	Delta
	3.28
	0.14
	0.33

	 
	 
	2x2
	
	
	

	 
	 
	2x4
	
	
	

	 
	 
	Delta
	3.11
	0.34
	0.89


Table 1 : Summary of previous RLM results for 4RX.
Since there are already RLM test cases for 2RX and it is not proposed to develop new RLM tests for 4RX (other than making changes necessary to ensure that a 4RX UE will not be unfairly disadvantaged in the tests), we propose that to complete the work in a timely way RAN4 does not perform any further simulation campaigns. Since the standard deviation between companies of 4RX gains in RLM is in all cases less than 0.5dB, average gain results should be suitable for modifying the tests to support 4RX UEs.
Proposal 2 : Existing results are sufficient for understanding average gains from use of 4RX in RLM tests

The other discussion was on the correct setting for SNR4 in the in-sync tests, as it is intended to be an intermediate setting between Qin and Qout. As discussed in [4], incorrect setting of SNR4 should not cause failure of a compliant UE regardless of the setting, as T312 is not expected to expire during the test. However, a suitable setting is needed to ensure that the test is sufficiently demanding. Current in sync tests are performed in ETU70 condition with 1x2 and 2x2 antenna configuration, and it can be seen that the average gains based on Qout are 3.05dB(1x2 to 1x4) and 2.75dB(2x2 to 2x4). Based on Qin, the average gains are 3.28dB(1x2 to 1x4)  and 3.11dB (2x2 to 2x4). 
Considering the earlier proposal to adjust the value of SNR4 by 3dB, we think this is suitable regardless of whether Qin or Qout is considered in the criteria
Proposal 3 :  For testing in sync with a UE with 4RX, SNR4 (during T4) is lowered by 3dB in all relevant out of sync tests, compared to the current settings in 36.133.

3 Conclusion
In this contribution we discuss outstanding issues for RLM and RRM antenna connection and test case applicability in 4RX. We propose
Observation 1 : If it is decided to use a 2RX test command for demod tests, it would be very natural to use it for at least testing of type 2 UE with existing RLM test cases.
Proposal  1 :  Agreements for 36.133 4RX RRM and RLM testing shall be captured in specifications at the same time as for 36.101.

In case there is a need to make RLM tests with modified SNR thresholds for 4RX UEs, we provide the following proposals:

Proposal 2 : Existing results are sufficient for understanding average gains from use of 4RX in RLM tests

Proposal 3 :  For testing in sync with a UE with 4RX, SNR4 (during T4) is lowered by 3dB in all relevant out of sync tests, compared to the current settings in 36.133.
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