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1   Background
In RAN4#81 meeting, due to limited time, RAN4 has no agreements for the 3/4-layer CA tests. There are some agreements for CA normal demodulation tests [1]:
· Normal demod tests with 1/2 layers

· CR to be approved with TBD for SNR

· TM4

· TM9

· TM3

· Option 1: Rel-13 methodology by using antenna connection

· Applicability rule

· Baseline: 

· 1st step take the maximum supported CCs excluding the 2Rx only CA config among all supported CA config

· 2nd step take the maximum supported number of 4Rx CCs among the selected CA config

· 3rd select the CA bandwidth combination with the maximum aggregated bandwidth among the selected CA config.

· Companies are encouraged to bring more input in case the baseline description is identified to be problematic during email discussions.

· CSI CA tests

· Existing way of Rel-13 agreement

· Legacy tests

· Existing antenna connection in Rel-13 with maximum aggregated bandwidth

· Single carrier tests

· Basic legacy tests

· CA tests

· Soft buffer CA

· Power imbalance CA

· Band 3 non-collocated intra-band non-contagious CA test

· Band 41 minimum channel spacing CA test 

Agreements for CA IRC tests:

· Test scope and structure

· Test cases

· TM6/TM4

· TM9/TM9

· Test structure

· Multiple bandwidths with 2Rx or 4Rx with 5, 10, 15, 20MHz

· Detail simulation assumptions are going to be decided during email discussions.

· Number of CCs to be tested with IRC+CA is 2.

· Applicability rule: 

· Baseline: 

· 1st step take the maximum supported CCs excluding the 2Rx only CA config among all supported CA config

· 2nd step take the maximum supported number of 4Rx CCs among the selected CA config

· 3rd Select only 2 CCs among the selected CA config and apply IRC with 4Rx CC prioritized.

· 4th select the CA bandwidth combination with the maximum aggregated bandwidth among the selected CA config.

· Companies are encouraged to bring more input in case the baseline description is identified to be problematic during email discussions.
The agreements are related to normal demodulation tests and IRC tests and there was no agreement on 3/4-layer CA tests. In this contribution, we would like to focus on 3/4-layer CA tests.
2   Discussion

For rank3/4 PDSCH demodulation tests, although there are some CA demodulation tests for 4Rx UE and SDR tests for 4-layer MIMO, 3/4-layer SU-MIMO also has more strict requirements for the RF chain in fading channels. For example, ADC and AGC, low pass filter. So in order to guarantee UE work properly for the 3/4-layer, we should consider corresponding CA tests.
In 4Rx single carrier tests, there are one TM3 3-layer test, one TM4 4-layer test, and one TM9 4-layer test. Firstly, in SDR test, TM3 will be verified. Secondly, CA is of most functionality test and to reduce the test number we prefer to have the stress test, i.e., only introduce TM4 4-layer and TM9 4-layer tests.

· Proposal 1: Introduce 4-layer TM4 and TM9 CA tests, which mean that the 4-layer single carrier requirement will be applied at least on CC.

For TM4 4-layer single carrier requirements, FRC is R.74FDD. And the TB size is around 25456 bits per codeword on 10MHz bandwidth. If the bandwidth is 20MHz and the same ITBS is used, then the TB size around 51024 bits per codeword.

For the existing 2Rx CA requirements, it was specified that

· 2CC CA demodulation requirements: up to 2×20MHz, UE category ≥ 5;

· 3CC CA demodulation requirements: up to 3×20MHz, UE category ≥ 5;

· 4CC CA demodulation requirements: up to 4×20MHz, UE category ≥ 8;

· 5CC CA demodulation requirements: up to 5×20MHz, UE category =8, ≥ 11;
We can calculate the total transmitted bits per TTI assuming that TM4 4-layer transmission on each CC and each CC is with 20MHz.

· 2CC CA demodulation requirements (up to 2×20MHz, UE category ≥ 5): maximum bits per TTI = 51024×2×2 = 204096;

· 3CC CA demodulation requirements (up to 3×20MHz, UE category ≥ 5): maximum bits per TTI = 51024×2×3 = 306144;

· 4CC CA demodulation requirements (up to 4×20MHz, UE category ≥ 8): maximum bits per TTI = 51024×2×4 = 408192;

· 5CC CA demodulation requirements (up to 5×20MHz, UE category =8, ≥ 11): maximum bits per TTI = 51024×2×5 = 510240;
The maximum bits per TTI for UE category 5, 6, 8, 9 and 11 are 299552, 301504, 2998560, 452256 and 603008 respectively. As we can observed, the except for 3CC tests, where the maximum total transmitted bits per TTI is beyond UE Category 5 and 6 capabilities, applying the TM 4-layer single carrier requirement on individual CC(s) for 4Rx bands seems compatible with the existing CA requirement specification structure. To address the issue, we can consider the lower one TB size level for single carrier 4-layer TM4 requirement. In that way, the requirements can be applied to as many UE categories as possible, and the same test coverage as 2Rx tests can be achieved.

Therefore, we propose that 

· Proposal 2: Specify the single carrier 4-layer TM4 demodulation requirements based on the existing requirements in Clause 8.10.1.1.8 for FDD and 8.10.1.2.8 for TDD with the reduced TB size and different bandwidths, and apply them to CA UE on CC(s) supporting 4-layer transmission.

For TM9, the same TB size is configured for single carrier 4-layer tests in the specification. Based on the similar analysis as above, we have the similar proposal that
· Proposal 3: Specify the single carrier 4-layer TM9 demodulation requirements based on the existing requirements in Clause 8.10.1.1.9 for FDD and 8.10.1.2.9 for TDD with the reduced TB size and different bandwidths, and apply them to CA UE on CC(s) supporting 4-layer transmission.

For the applicability rule of CA UE supporting 4-layer transmission, one proposal is to follow the SDR applicability rule. The issue is that for some UE the chosen CA configuration with the largest equivalent aggregated bandwidth may not cover a 4Rx band. That case would be allowed for SDR test, because the test purposes includes the verifications of both RF condition and successive processing capability from lower layer to higher layer, and it would be difficult to verify the maximum capabilities at both sides within one test.

Another drawback is that if the largest equivalent aggregated bandwidth is used then the number of 

But without 4Rx band included, 4-layer 4Rx CA test is meaningless. So we propose the following applicability rule:

· Proposal 4: For UE supporting 4-layer transmission, choose one with the largest equivalent aggregated bandwidths among all the supported CA configurations including at least one 4Rx band for 4-layer TM4/9 CA tests

· Following the Rel-13 applicability rule to calculate the largest aggregated bandwidths among all the CA configurations supported by the UE. If the CA configurations with the largest aggregated bandwidth include the CA configuration selected above, then the test coverage is considered fulfilled without executing the 2-layer TM4/9 CA tests;

· Otherwise, the 2-layer TM4/9 CA test may need to be run to verify the support of largest aggregated bandwidths under the fading channels.
3   Conclusions
In this contribution, we further discuss how to specify 3/4-layer 4Rx CA performance requirements. The proposals are summarized as follows:
· Proposal 1: Introduce 4Rx CA tests with TM4 4-layer and TM9 4-layer transmission on one or multiple CCs according to selected CA configuration for test.

· Proposal 2: Specify the single carrier 4-layer TM4 demodulation requirements based on the existing requirements in Clause 8.10.1.1.8 for FDD and 8.10.1.2.8 for TDD with the reduced TB size and different bandwidths, and apply them to CA UE on CC(s) supporting 4-layer transmission.

· Proposal 3: Specify the single carrier 4-layer TM9 demodulation requirements based on the existing requirements in Clause 8.10.1.1.9 for FDD and 8.10.1.2.9 for TDD with the reduced TB size and different bandwidths, and apply them to CA UE on CC(s) supporting 4-layer transmission.

· Proposal 4: For UE supporting 4-layer transmission, choose one with the largest equivalent aggregated bandwidths among all the supported CA configurations including at least one 4Rx band for 4-layer TM4/9 CA tests

· Following the Rel-13 applicability rule to calculate the largest aggregated bandwidths among all the CA configurations supported by the UE. If the CA configurations with the largest aggregated bandwidth include the CA configuration selected above, then the test coverage is considered fulfilled without executing the 2-layer TM4/9 CA tests;

· Otherwise, the 2-layer TM4/9 CA test may need to be run to verify the support of largest aggregated bandwidths under the fading channels.
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