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1. Introduction

At the RAN4 #76 meeting, applicability rule for RRM, RLM, demodulation and CSI tests of 4Rx UE was discussed, and the following was agreed [1].
· 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

· RAN4 to investigate 4Rx UE test method to ensure 2Rx tests could be passed by a properly implemented UE
However, RAN4 have not reached a consensus about how to verify the 2Rx performance of 4Rx UE. In this contribution, we provide our views on this issue.
2. Applicability rule for 2Rx tests
First of all, we would like to consider whether 4Rx UE should fallback to the 2Rx reception in the 2Rx test cases. In general, there would be two cases for this issue:
· Case 1: Only 2Rx reception is allowed
· Case 2: Either 4Rx or 2Rx reception are allowed (i.e. up to UE implementation)
In the WID, a fallback to 2Rx reception is not allowed in the condition where the 4Rx UE have a substantial performance gains compared with the 2Rx UE [2]. However, a fallback is allowed in other condition, and it is up to UE implementation. In our opinion, since there would be some criteria for a fallback, it would be difficult to specify a test condition such that all UE can be in fallback mode. Therefore, an applicability rule should be specified taking into account Case 2, or considering the new signalling to ensure the 2Rx reception at the UE side. We prefer the letter approach, and possible signalling scheme and it benefit is described in the section 3.
Observation 1: It would be difficult to specify a test condition such that all UE can be in fallback mode.
Observation 2: Introducing the new signalling from eNB to UE could be considered to ensure the 2Rx reception at the UE side.

The second aspect to be addressed is which Rx antenna ports are connected in the 2Rx test cases. According the discussion at the last meeting, there would be three alternatives as follows:

· Alternative 1: Up to UE vendors (i.e. fixed 2Rx antennas ports are indicated by UE vendor)

· Alternative 2: All combinations (e.g. main antenna + sub-antenna #1,2,3, that is totally 3 patterns)

· Alternative 3: Random selection (i.e. 2Rx antenna ports are randomly chosen on each test case)

Each alternative has an advantage and disadvantage. Specifically, Alternative 2 and 3 would restrict UE implementation but it is more robust way to ensure the 2Rx performance of 4Rx UE, and vice versa. From the UE performance point of view, we slightly prefer Alternative 3. The reason is as follows:

1. Alternative 3 (and 2) can explicitly verify the performance of all antenna ports. Although 4Rx test cases can implicitly verify the performance of each antenna ports, but we believe that Alternative 3 is more robust way.

2. Alternative 3 have an advantage compared with Alternative 2 in terms of the test complexity and cost.

However, Alternative 3 would restrict an UE implementation. In order to clarify this aspect, we try to categorize the 2Rx reception of 4Rx UE as follows:

· Category 1: Use only fixed 2 Rx antennas. (e.g. Main antenna + one fixed sub antenna)

· Category 2: Use only 2Rx antennas with adaptive antenna selection (e.g. Main antenna + optimal sub antenna)

· Category 3: Use 3Rx or 4Rx antennas but signals from some antennas are combined (e.g. Main antenna + combined 2 or 3 sub antennas)

Any other category is not precluded. Note that we regard Category 3 as a 2Rx reception here because the baseband procedure of Category 3 is the same as the 2Rx UE. Based on above categorization, Alternative 3 would restrict only Category 1, and Category 2 and 3 are still allowed. But it would be up to UE implementation, we need more input from the UE vendors.

Observation 3: From the performance point of view, randomly antenna connection for 2Rx tests would have a benefit although it restricts UE implementation.

Proposal 1: Consider Alternative 3, i.e. 2Rx antenna ports are randomly chosen on each test case, for the applicability rule for 2Rx test.

Final aspect is how the Rx antenna ports are connected for the 2Rx test cases. At the last meeting, the following three options were discussed for this issue:
· Option 1 : 2 AP are left open

· Option 2 : 100% correlation used pairwise connected

· Option 3 : 2 ports are left with zero input
Firstly, Option 2 would not be desirable because the 2Rx performance of the 4Rx UE with Category 3 cannot be appropriately verified. Next, the difference between Option 1 and Option 3 would be very small, but we prefer to take Option 3. This is because a zero input could be ensured to the remaining 2Rx ports and a test complexity could be reduced.
Observation 4: Option 2 would not be desirable because the 2Rx performance of the 4Rx UE with Category 3 cannot be appropriately verified.

Observation 5: Option 3 would be more desirable compared with Option 1 to reduce test complexity.

Proposal 2: Consider Option 3 for the applicability rule for 2Rx test.
3. Possible signaling scheme for 4Rx UE

As discussed in the past RAN4 meeting, it would have a benefit for the system performance to introducing the new signaling of the number of Rx antenna ports to be used for the signal detection from the eNB to the 4Rx UE. For example, DL coverage could be improved to ensure 4Rx reception for RLM. In terms of the demodulation performance, specifically in high load case, DL traffic could be transmitted more rapidly compared with 2Rx UE thanks to the 4Rx diversity or higher capability of the MIMO spatial multiplexing. However, some companies have a concern that the eNB cannot optimally control the number of Rx antenna ports because the eNB does not know the receiver condition at the UE side. Actually, the eNB can know information on the received condition by the reporting of the RSRP/RSRQ and CSI, but those would not be sufficient to optimally control the number of Rx antenna ports. 
Observation 6: The new signaling to indicate Rx numbers would have some benefit, but it would be difficult for the eNB to optimally control it due to the lack of information on the received condition at UE side. 

In our opinion, however, some scenario have a system benefit as described above, the following solution could be considered to address this issue.
1. If there is no signaling, then 4Rx UE can select the number of Rx antenna ports to be used for the signal detection according to the received condition at their own responsibility (Opportunistic fallback)
2. The eNB can explicitly indicate the number of Rx antenna ports to the UE (e.g. 2Rx or 4Rx).

According to above signaling scheme, it is not necessary for the eNB to fully control the Rx numbers. Of course, this signaling could be used for the performance tests in RAN4.

Proposal 3: Consider to introducing the following signaling scheme for 4Rx UE.

1. If there is no signaling, then 4Rx UE can select the number of Rx antenna ports to be used for the signal detection according to the received condition at their own responsibility (Opportunistic fallback)

2. The eNB can explicitly indicate the number of Rx antenna ports to the UE (e.g. 2Rx or 4Rx)
4. Conclusion
This contribution provides our views on the applicability rule for 2Rx tests of 4Rx UE, and we observed and proposed the followings:
Observation 1: It would be difficult to specify a test condition such that all UE can be in fallback mode.

Observation 2: Introducing the new signalling from eNB to UE could be considered to ensure the 2Rx reception at the UE side.

Observation 3: From the performance point of view, randomly antenna connection for 2Rx tests would have a benefit although it restricts UE implementation.

Observation 4: Option 2 would not be desirable because the 2Rx performance of the 4Rx UE with Category 3 cannot be appropriately verified.

Observation 5: Option 3 would be more desirable compared with Option 1 to reduce test complexity.

Observation 6: The new signaling to indicate Rx numbers would have some benefit, but it would be difficult for the eNB to optimally control it due to the lack of information on the received condition at UE side. 

Proposal 1: Consider Alternative 3, i.e. 2Rx antenna ports are randomly chosen on each test case, for the applicability rule for 2Rx test.

Proposal 2: Consider Option 3 for the applicability rule for 2Rx test.

Proposal 3: Consider to introducing the following signaling scheme for 4Rx UE.

1. If there is no signaling, then 4Rx UE can select the number of Rx antenna ports according to the received condition at their own responsibility (Opportunistic fallback)

2. The eNB can explicitly indicate the number of Rx antenna ports to the UE (e.g. 2Rx or 4Rx)
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