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1	Introduction
Based upon the agreement from RAN4 #76, all 2RX tests (RRM, RLM, Demod, CSI) which test features supported by a 4RX UE need to be verified by the 4RX UE unless the 4RX applicability rules indicate that they do not need to be verified [1]. In RAN4 #76Bis, the applicability rules and antenna connection of 2RX tests for 4RX capable UEs have been discussed, and the following agreement has been captured in Ad Hoc meeting minutes [2], that is,
	Antenna connection options are:
· Option 1: Connect 2 of the 4 Rx with data source from SS to perform 2Rx tests, depending on the UE’s declaration and AP configuration, keeping the same requirements as 2Rx tests.
· Option 2: Connect all 4 of the 4 Rx with data source from SS to perform 2Rx tests, keeping the same requirements as 2Rx tests.
· Option 3: Mixed Option 1 and 2 case by case.
Interested companies are invited to bring more inputs in next meeting. For option 2, impact to example 2RX test cases may be used to provide the further input.
RLM requirements are not updated with 4Rx and the core part of the 4RX WI can be concluded.
Understanding is that core requirements are generic, so Qin & Qout BLER is consistent with the number of AP used by the UE for decoding. 
How to apply the existing 2Rx RLM tests to 4Rx capable UEs with should be handled in a general way together with other RRM, UE demodulation and CSI tests in the performance part of the 4Rx WI.



During RAN4 #77, the following agreement has been captured in Ad Hoc meeting minutes [3], i.e., 
	Definition of type of UEs:
· Type 1: UEs only support 2Rx in certain bands and support 4Rx in the other bands;
· Type 2: UE support 4Rx in all the bands.
All 2RX tests can be tested for Type 1 UEs on a 2RX band. AP connection follows Option 1 Connect 2 of the 4 Rx with data source from SS to perform 2Rx tests, depending on the UE’s declaration and AP configuration, keeping the same requirements as 2Rx tests.



In RAN4#78, the following agreement has been reached [4], i.e., 
	For RLM tests:
· 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 (eg 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.



In RAN4#78, we provided our understanding and analysis on this topic in our contribution [5], and in this paper, we would like further highlight our view and understanding based on latest agreement. 

2 [bookmark: OLE_LINK30][bookmark: OLE_LINK31]RLM Tests
Since the RLM test agreement for Type-2 UE reached in RAN4#78 is based on Qualcomm’s proposal [6], in which the modification of legacy RLM tests (by applying a general rule to lower thresholds related to Qout by XdB (e.g., X=3)) is considered to be a method of “reuse legacy test cases” (i.e., different premise used from our analysis [5]), we would like to provide our views based on this new agreement.  
As far as we know, the RLM agreement is reached based on the following common understanding:
· Observation 1: The RLM test cases are modified to ensure both 2RX and 4RX-based RLM behaviors can pass the test cases; and applying RLM test should not prohibit UEs from having the flexibility in 2RX and 4RX switching based on practical condition. 
Two types of RLM tests, i.e., In-Sync and Out-of-Sync tests are analyzed in the following subsections.

2.1 In-Sync RLM Test
For In-Sync RLM tests, due to the different Qin and Qout SNR levels for 4RX and 2RX-based RLM behaviors, RAN4 has agreed that SNR3 should be lower than Qout_4RX to ensure UE in out-of-sync state from time point B to D. The remaining problem will be how to lower SNR3 to make sure both 1TX and 2TX antenna low correlation conditions can be satisfied. 
· Proposal 1: The amount to lower SNR3 (the difference between Qout_2RX and Qout_4RX) should consider both 1Tx and 2Tx low correlation conditions.
[bookmark: OLE_LINK54][bookmark: OLE_LINK55]For SNR2, the original test purpose is to set this SNR operating point above Qout and the expected UE behaviors is no RLF reported without T310 triggered. In order to keep the same amount of margin for 2RX-based RLM behavior (marked in Figure 1), the SNR2 should be maintained. In other words, it means larger margin reserved for 4RX-based RLM behavior. Another option to change the test case is to use SNR1 from time point A to B, i.e., drop the process to test UE behavior between Qin and Qout. However, based on our agreement, i.e., “capture all of the agreements as much as possible in applicability rules section and not modify existing tests”, we prefer to maintain SNR2 from time point A to B, which is still served as a valid test condition for 2RX-based RLM behavior. 
· [bookmark: OLE_LINK56][bookmark: OLE_LINK57]Proposal 2: SNR2 is maintained to ensure 2RX-based RLM behavior can pass the legacy test with the same margin (the difference between Qout_2RX and SNR2) and minimum modification on legacy test. 
For SNR4, the original test purpose is to set this SNR operating point below Qin and the expected UE behaviors is still reporting RLF without stopping T310. To have the same amount of margin for 4RX-based RLM behavior as original 2RX-based RLM behavior (the original margin for 2RX UE is marked in Figure 1), the SNR4 should be lowered. In other words, it means larger margin reserved for 2RX-based RLM behavior. Another option to change the test case is to use SNR3 instead from time point D to E, i.e., drop the process to test UE behavior between Qin and Qout. However, based on our agreement, i.e., “capture all of the agreements as much as possible in applicability rules section and not modify existing tests”, we prefer to have a lower SNR4, which can still serve to test 4RX-based RLM behavior. It should be noted that the amount to lower SNR4 should be the difference between Qin_2RX and Qin_4RX, which is different from the amount used to lower SNR3. 
· Proposal 3: Lower SNR4 to ensure 4RX-based RLM behavior can pass the legacy test with the same or similar margin as before. The amount to lower SNR4 should be the difference between Qin_2RX and Qin_4RX, which is different from the amount used to lower SNR3.


 
Figure 1: Illustration of margins to ensure correct UE RLM behavior 
(The Qin and Oout levels for 4RX is based on Qualcomm’s proposal [6]).

2.2 Out-of-Sync RLM Test
For Out-of-Sync RLM tests, the observed common understanding in Observation 1 should also be applied and similar operation for SNR2 and SNR3 should be used.
3 Conclusion
In this contribution, we provide our viewpoints and technical analysis on the topic of applying legacy RLM test cases for Type-2 4RX UEs. Specifically, the following observations and proposals are provided:
· Observation 1: The RLM test cases are modified to ensure both 2RX and 4RX-based RLM behaviors can pass the test cases; and applying RLM test should not prohibit UEs from having the flexibility in 2RX and 4RX switching based on practical condition. 
· Proposal 1: The amount to lower SNR3 (the difference between Qout_2RX and Qout_4RX) should consider both 1Tx and 2Tx low correlation conditions.
· Proposal 2: SNR2 is maintained to ensure 2RX-based RLM behavior can pass the legacy test with the same margin (the difference between Qout_2RX and SNR2) and minimum modification on legacy test. 
· Proposal 3: Lower SNR4 to ensure 4RX-based RLM behavior can pass the legacy test with the same or similar margin as before. The amount to lower SNR4 should be the difference between Qin_2RX and Qin_4RX, which is different from the amount used to lower SNR3.
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