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1   Introduction
In RAN4#80bis meeting, the method about how to extend the existing 2Rx demodulation performance requirements to 4Rx were discussed in documents [1~3]. The agreements were captured in [4] as follows:
· UE capability clarification
· Common understanding: if advanced features are reported with 4 layer MIMO it means the UE could support both on single carrier.

· Based on the common understanding, RAN4 has no need to send LS for clarification.
· Applicability rule

· Agreement: Take WF from QC with equations on how to apply maximum aggregated bandwidth.
· Test scope and structure

· Summary for normal demod tests under fading condition:
· General test scope
· Remove TM1 CA test. TM1 CA tests are skipped.

· FFS for TM3+CA tests.

· Introduce new requirements with 4Rx on TM4 for bw 5~20MHz

· Introduce new requirements for TM9 for both 2Rx and 4Rx for 5~20MHz 

· The detailed simulation assumptions will be decided later after this meeting by email discussions.

· IRC 1 and 2 layer tests

· WF to capture the following

· Different options on defining the tests

· Option 1: Check CA configs on possibility to reuse 10MHz test only for multiple CA configs

· Option 2: Take maximum aggregated bw reusing same methodology as Rel-12 CA tests

· TM: TM6/TM4[/TM4], TM9/TM9[/TM9]

· Number of CCs to be supported by IRC is FFS

· 2Rx

· 4Rx
In this contribution, we would like to have further discussion on normal demodulation tests under fading condition for 4Rx UE.
2   Discussion
2.1   Additional 4Rx normal CA demodulation requirements
In Rel-13, by specifying the applicability rule and antenna connection for CA and DC tests, the existing CA and DC demodulation performance (including CA fading tests, soft buffer test, power imbalance tests, Band 3 non-collocated intra-band non-contagious CA test, and Band 41 minimum channel spacing test) and CQI reporting requirements can be applied to 4Rx CA UE already. Thus for 4Rx CA UE, one possible solution for normal CA fading channel test is simply not to specify any new requirements. 
But as a compromise, a limited number of new tests i.e., TM4 and TM9 tests, were agreed to be introduced for bandwidth from 5MHz to 20MHz last RAN4 meeting. As a result, the test number for a certain UE will be kept the same.
In our view, one CRS based test and one DMRS based test seems sufficient. Regarding new TM3 4Rx CA demodulation performance requirements, we agree with the online comments that there would be no enough test gain compared to applying the existing Rel-13 CA demodulation performance requirements to 4Rx CA UE with the proper antenna connection method. For the potential new test, the only change is on channel correlation matrix. But from UE implementation point of view, UE under test does not realize the difference between fake 2x4 channel in Rel-13 and 2x4 low correlation channels. From functionality test aspects, Rel-13 CA performance tests have provided the good test coverage.
And in the WID the new SDR tests based on TM3 with 4x4 propagation conditions will be introduced. Therefore, we propose that 
· Proposal 1: Do not introduce the additional TM3 CA 4Rx normal fading demodulation performance requirements for 4Rx CA capable UE.
The existing applicability rule is to select the CA configuration with the largest aggregated bandwidth and largest number of CCs. There would be three cases:

· Case 1: No 4Rx band is included in the selected CA configuration;

· Case 2: 4Rx band is included in the selected CA configuration, but UE does not support 4-layer transmission;

· Case 3: 4Rx band is included in the selected CA configuration, and UE supports 4-layer transmission.

For Case 1, there is no need to conduct 4Rx CA tests. For Case 2, the 2-layer 4Rx single carrier test would be needed. But the alternative way is just to follow the agreed antenna connection in Rel-13 to reuse 2Rx single carrier requirement with modified SNR to CC on 4Rx band. In that way the 4Rx MMSE receiver performance can be verified. For Case 3, we can define the new 4Rx TM4 3/4-layer single carrier requirement and apply it to the individual CC(s) on 4Rx bands.
· Proposal 2: Do not introduce the additional TM4 2-layer CA 4Rx normal fading demodulation performance requirements for 4Rx CA capable UE.

The above test applicability rule is just for UE which does not support 4-layer transmission. For UE supporting 4-layer transmission, we consider applying 4-layer TM4 single carrier requirement on that CC.
TM9 CA test is a new test. Although we questioned the meaning of introduction of such requirement, we could follow the agreement as a compromise. For the new 2Rx TM9 CA requirements, we have the single layer and dual layer requirements for single carrier. Because the CA test is of most functionality, we prefer to define the stress test. So we propose to define dual layer TM9 2Rx CA requirements. And different from the existing single TM9 dual-layer requirement, we propose to remove the CRS interference from other cell to simplify the test.
· Proposal 3: Specify the new TM9 2-layer 2Rx CA requirements without interference from other cell following Rel-13 CA specification structure.
Based on the similar analysis as that for TM4, we have the following proposal for TM9.
· Proposal 4: Do not introduce the additional TM9 2-layer CA 4Rx normal fading demodulation performance requirements for 4Rx CA capable UE.
2.2   How to specify test cases for 4Rx CA demodulation
In our view, for normal demodulation performance requirements, following the Rel-13 applicability rule seems feasible. Except for 2 CC tests, the existing demodulation tests are specified based on the largest aggregated bandwidths of all the specified CA configurations.
So rather than listing all the possible tests with the largest aggregation bandwidths, we prefer to implicitly specify the test cases, i.e., just specify the applicability rule for UE to select the test cases.
· Proposal 5: For Rel-14 normal CA tests, specify the principle to select the bandwidth combination when applying 4Rx CA tests rather than list all the possible test cases with the possible largest aggregation bandwidths.
· The principle or applicability rule should be based on the largest aggregation bandwidth similar to Rel-13 CA normal tests.
The advantage of that solution is to reduce the complexity of specification and save the maintenance work effort afterwards.
2.3   On which CC 4Rx requirements be applied
In [6] one issue was raised: on which CC the 4Rx single carrier requirement should be applied. The issue is as follows. For example, if the UE supports 4Rx on Band 1, should it be assumed to support 4Rx on all CC-s for CA_1C, CA_1D, CA_1E?
The online comment last meeting was that the RF implementation is different from baseband. But the 4Rx sensitivity requirements seem also to require 4Rx base band support as well as RF channel support. One example CA configuration is CA_1A-3A-19A-42C as shown in Figure 1, where the 4Rx specific reference sensitivity requirement is defined for CC(s) of Band 42. The corresponding “Note 6” seems imply that the 4Rx can be supported in all CCs in 4Rx support band.
So for the requirements, there would be two options to apply 4Rx single carrier requirements on multiple CCs of one band:

· Option 1: Apply 4Rx single carrier requirements to multiple CCs of one based on UE vendor declaration.
· Option 2: Apply 4Rx single carrier requirements to multiple CCs of one band if that band supports 4Rx.
We prefer Option 2, which provides the uniform CA tests for 4Rx UE. But it may require more baseband capability.
· Proposal 6: for on which CC(s) the 4Rx single carrier requirement should be applied, it is suggested to apply 4Rx single carrier requirement to multiple CCs of one band if that band supports 4Rx.
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Figure 1: Example of 4Rx UE receiver reference sensitivity requirement
3   Conclusion
In this contribution, we further discuss how to extend the 2Rx CA demodulation performance requirements to 4Rx UE. The proposals are summarized as follows:
· Proposal 1: Do not introduce the additional TM3 CA 4Rx normal fading demodulation performance requirements for 4Rx CA capable UE.

· Proposal 2: Do not introduce the additional TM4 2-layer CA 4Rx normal fading demodulation performance requirements for 4Rx CA capable UE.

· Proposal 3: Specify the new TM9 2-layer 2Rx CA requirements without interference from other cell following Rel-13 CA specification structure.

· Proposal 4: Do not introduce the additional TM9 2-layer CA 4Rx normal fading demodulation performance requirements for 4Rx CA capable UE.
· Proposal 5: For Rel-14 normal CA tests, specify the principle to select the bandwidth combination when applying 4Rx CA tests rather than list all the possible test cases with the possible largest aggregation bandwidths.

· The principle or applicability rule should be based on the largest aggregation bandwidth similar to Rel-13 CA normal tests.

· Proposal 6: for on which CC(s) the 4Rx single carrier requirement should be applied, it is suggested to apply 4Rx single carrier requirement to multiple CCs of one band if that band supports 4Rx.
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