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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.



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 last meeting, we provided our understanding and analysis on this topic in our contribution [4], and in this paper, we would like further highlight our view and understanding for dealing with Type 2 UEs. 

2 [bookmark: OLE_LINK30][bookmark: OLE_LINK31]RLM Tests
How to apply legacy RLM tests for Type-2 4RX capable UEs is one of important topic in RAN4 discussion. In RAN4 #76Bis, 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.



2.1 General Principle
In practical engineering, the tradeoff between leveraging 4RX benefits for coverage enhancement and adaptively switching back to 2RX for power consumption is essential to achieve a good 4RX product. In order to prove our argument, we would like to provide the following system-level simulation, in which 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 
· For more than 3% users experiencing UL-only coverage limitation in homogeneous network, 4RX is useless to enhance cell coverage, but generating more power consumption.
· For more than 7% users experiencing DL-only coverage limitation in HetNet, 4RX is essential to be used for coverage enhancement. 
	
	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%



Hence, based on the above analysis, we would like to reach the following general proposal for applying 2RX legacy RLM tests for Type-2 4RX UEs: 
· [bookmark: OLE_LINK38]Proposal 1: Applying 2RX legacy RLM tests in Type-2 UE should not prohibit UEs from achieving the tradeoff between leveraging 4RX benefits for coverage enhancement and adaptively switching back to 2RX for power consumption.

2.1 Antenna Connection Option 2
We assume that antenna connection option 2 is used for the RLM test, i.e., all 4 of the 4 Rx antenna are connected with data source from SS. Provided that PDSCH is scheduled, there would be three possible UE behaviors for PCFICH/PDCCH decoding and RLM, under this antenna connection option, i.e.,
· UE behavior-1: When PDSCH scheduled, always use 2RX antenna for PCFICH/PDCCH decoding, and RLM is based on the signals on 2RX.
· UE behavior-2: When PDSCH scheduled, it is allowed to use 4RX antenna for PCFICH/PDCCH decoding, but RLM is always based on the signals on 2RX.
· UE behavior-3: When PDSCH scheduled, it is allowed to use 4RX antenna for PCFICH/PDCCH decoding, in the meantime RLM should use the signals on 4RX.
Then, we would like to analyze the above three UE behaviors by using the following criteria:
· Critiera-1: Whether UE can fulfill RLM core requirement (10% BLER for Qout and 2% BLER for Qin).
· Critiera-2: Whether UE can pass the legacy 2RX test requirement.
· Critiera-3: Whether change is needed to TS 36.133 RLM test.
· Critiera-4: Whether additional limitation is introduced for UE behavior.
Here we would like to analyze three possible UE behaviors under these four criteria, and we have the following observation:
· Observation 1: Under antenna connection option 2 and if PDSCH is scheduled, there are three possible UE behaviors, i.e.,
· UE behavior-1: When PDSCH scheduled, always use 2RX antenna for PCFICH/PDCCH decoding, and RLM is based on the signals on 2RX.
· UE behavior-2: When PDSCH scheduled, it is allowed to use 4RX antenna for PCFICH/PDCCH decoding, but RLM is always based on the signals on 2RX.
· UE behavior-3: When PDSCH scheduled, it is allowed to use 4RX antenna for PCFICH/PDCCH decoding, in the meantime RLM should use the signals on 4RX.
We would have the following observation summarized:
	
	Criteria-1: Whether 
UE can fulfill RLM core requirement
	Criteria-2: Whether 
UE can pass legacy 2RX test requirement
	Critiera-3: Whether 
change is needed 
to TS 36.133 RLM test
	Criteria-4: Whether 
additional limitation is 
introduced for UE behavior

	UE Behavior-1
	Yes
	Yes
	No change needed
	UE is excluded from 4RX benefits 
for coverage enhancement

	UE Behavior-2
	No
	Yes
	RLM core requirement 
should be changed 
(contradictory to RAN4 agreement)
	No additional limitation

	UE Behavior-3
	Yes
	No
	Legacy RLM 2RX test cases 
should be changed
(equivalent to introducing 
new 4RX test)
	Limit UE implementation flexibility
(4RX is required to be open even for UL limited cases by the expense of power consumption)



Based on the above observation, we can have the following remarks from the UE implementation perspective. Firstly, UE behavior-1 and UE behavior-2 will introduce additional limitations for UE 2RX/4RX switching behavior, which is not favored by UE vendors to achieve the good tradeoff between leveraging 4RX benefits for coverage enhancement and adaptively switching back to 2RX for power consumption, as described in Proposal 1.
For UE behavior-2, it obviously will not introduce additional limitations for UE implementation as UE behavior-1 and 3. However, this behavior means the general RLM core requirement originated from Release-8 will not be followed anymore. If UE behavior-2 is adopted by RAN4 by considering it will not require changes to legacy RLM test cases, the core requirement should be changed accordingly, which is contradictory to RAN4 agreement. Because of this, we also do not prefer this UE behavior-2. 
To summarize the above analysis, we have the following proposal:
· Proposal 2: All three possible UE behaviors under antenna connection option 2 is not preferred.

2.2 Antenna Connection Option 1
On the other hand, if antenna connection option 1 is adopted, UE will not be precluded from enjoying the coverage enhancement by 4RX, 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.
Furthermore, given antenna connection option 1 is used, the correct UE fallback behaviour is needed to pass the legacy 2RX RLM test: given two antennas are connected to SS, and the others are left open, the signal strength difference between connected and open RX antennas should be large enough to be discriminated by practical UE implementation. This can be used as a robustness test for Type-2 UE fallback behaviours. 
· Observation 2: Under antenna connection option 1, the legacy 2RX RLM test can serve as the robustness test for Type-2 UE fallback behaviors.
Based on the above comparison, antenna connection 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_LINK36][bookmark: OLE_LINK37]Proposal 3: Antenna connection 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 Antenna Port Selection for Option 1
Given antenna connection 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. 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

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 4: It’s left to 4RX UE to determine which APs to be used for 2RX tests, given antenna connection option 1 is utilized for some legacy 2RX tests.

4 Conclusion
In this contribution, we provide our viewpoints and technical analysis on the topic of applying legacy 2RX test cases for Type-2 4RX UEs. Specifically, the following observations and proposals are provided:
· Proposal 1: Applying 2RX legacy RLM tests in Type-2 UE should not prohibit UEs from achieving the tradeoff between leveraging 4RX benefits for coverage enhancement and adaptively switching back to 2RX for power consumption.
· Observation 1: Under antenna connection option 2 and if PDSCH is scheduled, there are three possible UE behaviors, i.e.,
· UE behavior-1: When PDSCH scheduled, always use 2RX antenna for PCFICH/PDCCH decoding, and RLM is based on the signals on 2RX.
· UE behavior-2: When PDSCH scheduled, it is allowed to use 4RX antenna for PCFICH/PDCCH decoding, but RLM is always based on the signals on 2RX.
· UE behavior-3: When PDSCH scheduled, it is allowed to use 4RX antenna for PCFICH/PDCCH decoding, in the meantime RLM should use the signals on 4RX.
We would have the following observation summarized:
	
	Criteria-1: Whether 
UE can fulfill RLM core requirement
	Criteria-2: Whether 
UE can pass legacy 2RX test requirement
	Critiera-3: Whether 
change is needed 
to TS 36.133 RLM test
	Criteria-4: Whether 
additional limitation is 
introduced for UE behavior

	UE Behavior-1
	Yes
	Yes
	No change needed
	UE is excluded from 4RX benefits 
for coverage enhancement

	UE Behavior-2
	No
	Yes
	RLM core requirement 
should be changed 
(contradictory to RAN4 agreement)
	No additional limitation

	UE Behavior-3
	Yes
	No
	Legacy RLM 2RX test cases 
should be changed
(equivalent to introducing 
new 4RX test)
	Limit UE implementation flexibility
(4RX is required to be open even for UL limited cases by the expense of power consumption)



· Proposal 2: All three possible UE behaviors under antenna connection option 2 is not preferred.
· Observation 2: Under antenna connection option 1, the legacy 2RX RLM test can serve as the robustness test for Type-2 UE fallback behaviors.
· Proposal 3: Antenna connection 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 4: It’s left to 4RX UE to determine which APs to be used for 2RX tests, given antenna connection option 1 is utilized for some legacy 2RX tests.
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