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Introduction 
In this paper, we discuss the issue of antenna connection for legacy 2RX tests on 4RX UEs.
2
Conducting legacy 2RX test on 4RX UE
In the last meeting, the issue of how to conduct legacy 2RX test on 4RX UEs was intensively discussed. Three options were agreed for further discussion [1]: 

· 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

We have some discussion about Option 1 in our previous paper [2]. Actually both Option 1 and Option 2 are acceptable to us. Here we focus on the comparison between Options 1 and 2.
Observation 1: both Option 1 and Option 2 are acceptable.
1)
Realistic testing condition

In real network, UE may encounter the situation of imbalanced input power among RX antennas. But Option 1 is a way too extreme case of this situation. The two open RX antenna ports will contribute only noises to the demodulation performance. In order to keep the same performance as 2RX, some additional mechanism is required to avoid the impact of those noises, which implies that 2RX fall back is mandatory in some test cases. However, UE would consider more factors than RX power imbalance when making fallback decision. For examples, UE does not always need to fallback with power line connected, and UE needs to turn on all 4RX when continuous PDSCH is coming. So it is not that straightforward that it is always guaranteed that UE will fall back in some specific tests. 
2) TX antennas in different bands

TX antennas must be connected in order to allow UE to report ACK/NACK or CSI. Moreover, UE may use different TX antennas at different bands, e.g., different antennas can be size-optimized with respect to different bands to give the UE a better UL signal qualities. One example is shown in Figure 1. Therefore, Option 1 would need extra effort to indicate which antenna is the TX antenna that should always be connected. This issue becomes more complicated when considering CA with different bands. Option 2 is better in solving this issue. 
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Figure 2. An example of antenna usage in different bands
3) 4RX performance requirements for specific features

It is important to know that neither option will specify new performance requirements for 4RX + specific features, e.g., CoMP, feICIC, NAICS. Option 1 can guarantee UE’s performance of these features under 2RX but the performance under 4RX is still left undefined. With Option 2, the performance of these features under 4RX could still be guaranteed to be no worse than the 2RX requirements. And it can be left to later Releases to tighten the requirements, if necessary. 
4) 4RX performance requirements for CSI tests

All CSI (CQI/PMI/RI) tests adopt relative metrics. Generally, these relative metrics does not depend on the number of RX antennas. Therefore, Option 2 implies that all CSI tests will be extended to 4RX, while Option 1 does not. However, some further study of individual CSI test cases is still required in RAN4 to see if the legacy requirements/setups can be directly used by 4RX UE without problem. For examples, the SNR point 20/21 dB in 9.2.1.7 and the SNR point 16/17 dB in test 9.2.2.1 [3] may be too high for 4RX UEs. Some studies about existing PMI tests and RI tests with 4RX can also be found in [3] and [4], respectively. 
5) Impact on performance spec

Both options require modifications on both RAN4 and RAN5 specs. In general, we expect that Option 2 has larger impact on the specs. For examples, the MIMO channel and the correlation in each test may need to be extended for Option 2 in RAN4 spec, and Option 2 may also require a huge update of the connection diagrams in Annex A in 36.508. 
Observation 2: Comparison between Option 1 and 2:

1)
Option 2 reflects a more realistic testing condition.


2)
Option 2 resolves the issue of TX antenna connection in different bands.


3)
Option 1 leaves the requirements of 4RX + specific features undefined, while Option 2 still guarantees the performance to be no worse than 2RX requirements.


4)
Option 2 implies that all CSI tests will be extended to 4RX. But some further studies are still required.


5)
Option 2 is expected to have more impact on both RAN4 and RAN5 specs.

Based on above observations, we propose to use Option 2 for antenna connection of legacy 2RX test on 4RX UE.
Proposal: Use Option 2 for antenna connection of legacy 2RX test on 4RX UE. 
3
Summary 
In this contribution, we provide our views on the issues of antenna connection of legacy 2RX tests on 4RX UEs. We have the following observations and proposals:
Observation 1: both Option 1 and Option 2 are acceptable.
Observation 2: Comparison between Option 1 and 2:


1)
Option 2 reflects a more realistic testing condition.


2)
Option 2 resolves the issue of TX antenna connection in different bands.


3)
Option 1 leaves the requirements of 4RX + specific features undefined, while Option 2 still guarantee the performance to be no worse than 2RX requirements.


4)
Option 2 implies that all CSI test will be extended to 4RX. But some further study is still required.


5)
Option 2 is expected to have more impact on both RAN4 and RAN5 specs.
Proposal: Use Option 2 for antenna connection of legacy 2RX test on 4RX UE.
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