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1. Introduction
The test applicability and antenna connection for legacy 2Rx tests have been discussed in RAN4 for a few meeting cycles. There are three options on antenna connection methods as follows:
· Antenna connection options
· 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.
In RAN4#77 meeting, it was agreed to classify UEs into two types in order to discuss the antenna connection methods.

· 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.
For Type 1 UE, it was agreed that all 2Rx tests can be tested on a 2Rx band and Option 1 should be applied as antenna connection method. 
For Type 2 UE, how to perform legacy 2Rx tests still need further discussion. In this contribution, we discuss how to perform legacy 2Rx tests for Type 2 4Rx capable UE.
2. The necessity for Type 2 UE
During last meeting discussion, some company commented that UE supporting 4Rx on all the bands is a corner case. So it would not be needed to consider Type 2 UE, i.e. UE supports 4Rx in all the bands. 

Based on our understanding, CPE is one important UE type for 4Rx. For CPE, the antenna/UE size and cost are not very critical issues. Also, CPE may support less number of bands compared to commercial UE, since it can be customized based on operators’ need.

Also, for smart phone, if the supporting bands are all 4Rx “easy” bands, it is possible that UE can support 4Rx in all bands.

Hence, UE supporting 4Rx in all the bands (Type 2 UE) is not a corner case, and how to perform 2Rx tests for such kind of UE should be addressed.

Proposal 1: It is necessary to address how to perform 2Rx tests for Type 2 UE (i.e. UE support 4Rx in all the bands).
3. How to perform 2Rx tests for Type 2 UE
· Antenna connection options
· 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.
There are three antenna connection options to perform 2Rx tests as listed above. For option 1, if 2 of the 4Rx are connected during the test, UE needs additional implementation to decide which two antennas have valid data source, which is not necessary in real network. From this perspective, option 2 is more reasonable since it is the realistic condition.
However, option 2 has risk that some advanced receiver features defined with 2Rx cannot be properly verified, e.g. Rel-11 FeICIC CRS-IC, Rel-12 SU-MIMO and Rel-12 NAICS. The gain cannot be distinguished from 4Rx diversity gain or advanced receiver gain. For example, the performance of 4Rx MMSE-IC receiver may become better than 2Rx R-ML receiver in some cases.
Some company commented that UE may disable advanced receivers in 4Rx bands. However, whether UE can disable features in 4Rx bands depends on the UE capability signaling design. So it is not appropriate to assume that advanced receivers are not supported in 4Rx bands at all. For example: 
· FeICIC CRS-IC is Rel-11 mandatory feature in spite of MIMO layers. If UE supports 4 layer MIMO, it means that UE can support CRS-IC in 4Rx mode. UE cannot disable FeICIC without modifying the UE capability information. 

· NAICS capability is reported per band combination. Whether UE can support 4 layer MIMO+ NAICS depends on the reported UE capability. Hence, UE has the flexibility to decide whether to implement NAICS in 4Rx bands/band combinations. For UE that supports 4Rx NAICS, the test risk caused by option 2 still needs to be addressed. 
· SU-MIMO is Rel-12 optional feature without UE capability signaling and it is not related to MIMO layers. If UE declares the support of SU-MIMO and 4 layer MIMO in some bands/band combinations, it means UE can support SU-MIMO in 4Rx mode. 
In last meeting, there is also one proposal for Type 2 UE performing 2Rx tests, i.e. option2 with tightened requirements with offset=3dB. This proposal assumes that all UEs stay in 4Rx mode when performing 2Rx tests. However, since UE has the flexibility to fall back in reality, UE may fail the tests if such fallback is happened. If UE vendors consider that such fallback is not going to happen during the test, this proposal can be considered. 
Observation: option 2 with tightened requirements (e.g. with offset =3dB) can be considered if fallback does not happen when performing 2Rx legacy tests.
The test purpose of running legacy tests on 4Rx UE is to avoid any coverage holes and to make sure that the 4Rx UE should be able to meet all requirements for 2Rx UE. Based on above analysis, for normal demodulation tests, both option 1 and option 2 can fulfill the test purpose. However for tests with advanced receivers (e.g. CRS-IC, NAICS, SU-MIMO), option 2 has some risk that the features cannot be properly verified for 4Rx UE. Hence, in our opinion, three alternatives can be considered:
· Alternative 1: Option 1
· Alternative 2: Option 3 (mixed Option 1 and 2 case by case). Specifically, for normal demodulation tests, apply option 2; for advanced receiver tests, apply option 1.
· Alternative 3: Option 2 with tightened requirements
The main concern on option 1 is that 4Rx UE needs additional implementation to determine which 2 antennas have valid input signal, which is not needed in reality. For option 3, UE still needs the additional implementation since option 1 will be applied in some cases. The impact of option 1 and option 3 on UE is the same. Also, option 3 with mixed options will make the test applicability rule more complex. 
The feasibility of alternative 3 still needs further discussion. If the feasibility is confirmed, we propose to use alternative 3 (option 2 with tightened requirements), since it can fulfill the test purpose and avoid additional UE implementation. If alternative 3 is not feasible, we propose to apply option 1 to perform legacy 2Rx tests.
Proposal 2: For Type 2 UE, we propose to apply option 2 with tightened requirements if the feasibility is confirmed. Otherwise, we propose to apply option 1 when performing legacy 2Rx tests.
4. Conclusion
In this contribution, we discuss how to perform legacy 2Rx tests for Type 2 4Rx capable UE. The observations and proposals are provided as follows:
Observation: option 2 with tightened requirements (e.g. with offset =3dB) can be considered if fallback does not happen when performing 2Rx legacy tests.

Proposal 1: It is necessary to address how to perform 2Rx tests for Type 2 UE (i.e. UE support 4Rx in all the bands).
Proposal 2: For Type 2 UE, we propose to apply option 2 with tightened requirements if the feasibility is confirmed. Otherwise, we propose to apply option 1 when performing legacy 2Rx tests.
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