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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.
In this paper, we would like to provide our understanding and analysis on this topic. Specifically, different kinds of legacy tests, i.e., RLM, Demodulation and CSI tests, are studied separately. 

2 [bookmark: OLE_LINK30][bookmark: OLE_LINK31]RLM Tests
In this section, we would like to provide our viewpoints on applying legacy RLM tests for 4RX capable UEs. In last RAN4 meeting, it has been agreed that 
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.
From our understanding, how to apply legacy 2RX RLM tests is highly related to the following two questions:

1. Whether or not 4RX is useful to extend the coverage of UEs?
One argument mentioned in previous discussion was that cellular coverage is generally limited by uplink. However, considering 8RX is gradually adopted in eNodeB side, this UL limitation can be substantially alleviated. Furthermore, the irregular network deployment introduced by HetNet could also make the common understanding on UL limitation not be true. In the following table based on system-level simulation, UL/DL geometry SINR distributions are presented for homogeneous and heterogeneous typical network setups (cell range extension assumed in HetNet setup). It can be observed that more than 7% users may experience downlink-only coverage limitation. 


	
	No Coverage Limitation
	Downlink-Limited
	Uplink-Limited
	Both UL/DL-Limited

	Homogeneous Network
	96.75%
	0.11%
	3.12%
	0.02%

	Heterogeneous Network
	91.70%
	7.10%
	1.04%
	0.16%



Obviously, by improving the PDCCH demodulation performance, 4RX capability could be leveraged to enhance coverage in downlink-limited cases, which are frequently observed in HetNet deployment. 
· [bookmark: OLE_LINK38]Observation 1: 4RX capability could be leveraged to enhance coverage in downlink-limited cases, which are frequently observed in HetNet deployment.
Based on this observation, we would like to highlight the principle that applying 2RX legacy RLM tests should not prohibit UEs from implementing advanced 4RX scheme in RLM for downlink coverage enhancement.
· Proposal 1: Applying 2RX legacy RLM tests should not prohibit UEs from implementing advanced 4RX scheme in RLM for downlink coverage enhancement.

2. If 4RX is used for RLM in UE implementation (even applied for selected scenarios), how to guarantee 2RX fallback is opened and maintained during legacy RLM tests?
Similar to the discussion on how to guarantee 4RX used in RLM tests, 2RX is hardly to be maintained during the legacy RLM tests. Particularly, eNodeB to UE signaling is not a reasonable solution since eNodeB does not have any instantaneous information about UE battery drainage and channel conditions on the various UE antenna ports, while signaling in the other way (UE to eNodeB) still can’t guarantee 2RX is utilized and kept during the test. 
After ruling out new signaling for 2RX/4RX switching, we have the following observations for two antenna connection options:
· For Option 1, UE are not precluded from using 4RX for radio link monitoring for coverage enhancement, and 2RX fallback mechanism could be adaptively implemented based on the particular condition. Hence, UE can use 2RX for battery power saving under the uplink-limited cases and 4RX for coverage enhancement under the downlink-limited cases.
· For Option 2, UE should always use 2RX to pass the legacy 2RX test cases, while the coverage improvement potentially provided by 4RX capability is precluded under downlink coverage limited case since 4RX will be explicitly prohibited from RLM even when 4RX is already opened for demodulation.
[bookmark: OLE_LINK36][bookmark: OLE_LINK37]Based on the above comparison, Option 1 is preferred when applying legacy 2RX RLM test cases, in order to not preclude 4RX from being utilized for RLM to enhance downlink coverage, while 2RX fallback is also allowed for saving battery power under the uplink-limited cases.
· [bookmark: OLE_LINK40]Proposal 2: Option 1 is preferred when applying legacy 2RX RLM test cases, in order to not preclude 4RX from being utilized for RLM to enhance downlink coverage, while 2RX fallback is also allowed for saving battery power under the uplink-limited cases.

3 Demodulation Tests
In this section, we would like to address the part of demodulation tests, and our understanding is presented as follows:
· The legacy 2RX tests are required to be tested to avoid any test coverage holes for 4RX capable UEs, and no worse performance compared to 2RX UEs should be guaranteed.
· The comparison should be based on practical implementations, in which all four antenna ports will receive signals as long as 4RX is switched on. This advantage is anyway enjoyed by 4RX UEs and it is unreasonable to preclude this advantage by artificially assuming unrealistic demodulation test conditions (i.e., applying zero input for two antenna ports). 
· 4RX performance gain on demodulation should be guaranteed by newly designed 4RX demodulation tests, the test purposes of which are different from legacy 2RX tests.
[bookmark: OLE_LINK39]Based on the above observations, we can reach the following proposal:
· Proposal 3: Option 2 is preferred when applying legacy 2RX demodulation tests.
By choosing Option 2 for legacy 2RX demodulation tests, it should be noted that:
· For legacy demodulation test cases with low correlation channel condition, test cases can be extended to 4RX ones in which each TX-RX pair is kept to have low correlation model and independent noise.
· For legacy demodulation test cases with medium correlation channel condition, test cases can be extended to 4RX ones with new medium correlation model proposed in [4]. Another option is to naturally extend original medium correlation model with Alpha = 0.3 and Beta = 0.9 for 4RX ULA. 
· For legacy demodulation test cases with high correlation channel condition, test cases can be extended to 4RX ones by extending high correlation model with Alpha = 0.9 and Beta = 0.9 for 4RX ULA.
For the details of applying legacy 2RX demodulation tests with antenna connection Option 2, we are open to further discussion.

4 CSI Tests
In this section, our viewpoints on applying legacy 2RX CSI tests are provided. From our understanding, antenna connection Option 2 should be precluded for 2RX CSI tests, because 2RX is hardly to be maintained during the whole test procedure and it may require additional requirement alignment for both absolute and relative CSI test metrics:
· Provided Option 2 adopted, the absolute metrics required in legacy CSI tests (e.g., CQI accuracy test under AWGN conditions) may not be fulfilled, if 4RX is switched on with additional diversity gain being expected. 
· Provided Option 2 adopted, the relative metrics required in legacy CSI tests (e.g., CQI gain test by comparing the throughput achieved by using reported CQI over medium CQI index) may not be fulfilled, since the CSI reporting gain could be coupled with receiving diversity gain. 
Given the current WI plan, it is impossible to re-evaluate every legacy test cases with the new 4RX test setup. Based on the above observations, we can reach the following proposal:
· Proposal 4: Option 2 is NOT preferred when applying legacy 2RX CSI tests.
For the details of applying legacy 2RX CSI tests with antenna connection Option 1, we are open to further discussion.

5 General Principle for Antenna Port Selection
Given Option-1 is utilized in the test setup for some legacy 2RX tests, how to choose 2 of the 4 Rx with data source from SS to perform tests is another question. Generally speaking, two kinds of selection principles are proposed:
1. [bookmark: OLE_LINK34][bookmark: OLE_LINK35]It’s left to 4RX UE to determine which APs to be used for 2RX tests.
2. Random antenna connection is performed for 2RX tests.
Considering the fact that selecting 2 out of 4 antenna ports is highly related to UE fallback behavior, we would like to provide our views from this perspective. 
In our contribution for last meeting [3], the complexity of 2RX fallback mechanism design has been presented extensively. It should be highlighted that: Taking practical RF limitations or characteristics into account, four APs should not be regarded as fallback candidates equally. For instance, certain RF chains may be regarded as main RF chains, (e.g., the leftmost and 3rd left RF chain which support more bands than the other two), while considering some other limitations (e.g., the dual SIM dual standby (DSDS) may be required in practical implementation), these main RF chains may be more preferable to be selected as fallback candidate RF chain. 
[image: ] 
Figure 2: Illustration of a typical 4RX RF chains in a practical UE implementation

· Observation 2: Taking practical RF limitations or characteristics into account, the four APs should not be regarded as fallback candidates equally.
Based on the above observation, we can easily reach the fact that antenna connection method should be decided by UE vendors considering their knowledge on UE implementation details.
· Proposal 5: It’s left to 4RX UE to determine which APs to be used for 2RX tests, given Option 1 is utilized for some legacy 2RX tests.

6 Conclusion
In this contribution, we provide our viewpoints and technical analysis on the topic of applying legacy 2RX test cases in 4RX capable UEs. Specifically, the following observations and proposals are provided:
· Observation 1: 4RX capability could be leveraged to enhance coverage in downlink-limited cases, which are frequently observed in HetNet deployment.
· Proposal 1: Applying 2RX legacy RLM tests should not prohibit UEs from implementing advanced 4RX scheme in RLM for downlink coverage enhancement.
· Proposal 2: Option 1 is preferred when applying legacy 2RX RLM test cases, in order to not preclude 4RX from being utilized for RLM to enhance downlink coverage, while 2RX fallback is also allowed for saving battery power under the uplink-limited cases.
· Proposal 3: Option 2 is preferred when applying legacy 2RX demodulation tests.
· Proposal 4: Option 2 is NOT preferred when applying legacy 2RX CSI tests.
· Observation 2: Taking practical RF limitations or characteristics into account, the four APs should not be regarded as fallback candidates equally.
· Proposal 5: It’s left to 4RX UE to determine which APs to be used for 2RX tests, given Option 1 is utilized for some legacy 2RX tests.
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