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1. Introduction
In RAN4 #77, RAN4 had further discussion on SDR test for 4 layer MIMO and made following agreements. 

· Test 1: TM3: 4 Layer, 64QAM MCS TBD, assume EVM=6%

· [Test 2: TM3: 4 Layer, 256QAM MCS TBD, assume EVM=3%] for evaluation purpose

· Email discussion for MCS
In this contribution, we provide simulation results for SDR test to finalize FRC selection and discuss remaining issues to finalize the test case design. 
2. FRC selection
In the e-mail discussion after RAN4 #77 meeting, following options were proposed as candidate FRC selection for 4 layer SDR test. 
FDD 64QAM 
· Option 1: MCS 27 in all SFs

· Option 2: MCS 28 in SF 1,2,3,4,5, 6,7,8,9 and MCS 27 for SF 0
FDD 256QAM 
· Option 1: MCS 26 in all SFs

· Option 2: MCS 27 in SF 1,2,3,4, 6,7,8,9 and MCS 26 for SF 0, 5
TDD 64QAM 
· Option 1: MCS 27 in SF 0, 4, 5, 9
· Option 2: MCS 28 in SF 4, 5, 9 and MCS 27 for SF 0
TDD 256QAM 
· Option 1: MCS 26 in SF 0, 4, 5, 9
· Option 2: MCS 27 in SF 4, 9 and MCS 26 for SF 0, 5
Simulation was run for 20MHz system bandwidth. FDD simulation results are shown in figure 1 and TDD simulation results are shown in figure 2. For option 1, we can observe that CINR to achieve peak throughput is 19dB for 64QAM and 24dB for 256QAM, which is compatible with CINR requirements for 2 layer SDR test. On the other hand, for option 2, CINR to achieve peak throughput is increased to 23dB for 64QAM and 28dB for 256QAM, which is much higher than CINR requirement for 2 layer SDR test. 
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Figure 1. 4 layer SDR test for FDD
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Figure 1. 4 layer SDR test for TDD

Proposal 1. Select following FRC for 4 layer SDR test. 
· FDD 64QAM: MCS 27 in all SFs

· FDD 256QAM: MCS 26 in all SFs

· TDD 64QAM: MCS 27 in SF 0, 4, 5, 9
· TDD 256QAM: MCS 28 in SF 4, 5, 9 and MCS 27 for SF 0
3. 4 layer SDR test for 256QAM
3GPP defined separate capability signaling for 4 layer and 256QAM. From antenna/RF/baseband HW capability point of view, we might be able to assume UE can support 4 layer with 256QAM if UE declares 4 layer support and 256QAM support in the capability signaling. However 4 layer MIMO with 256QAM requires significantly higher performance both in RF receiver and baseband hardware to be able to achieve actual system capacity gain. RAN4 can consider following options to deal with performance requirement for 4 layer MIMO with 256QAM. 
· Option 1: Define separate 256QAM capability for 4 layer MIMO with the understanding that existing 256QAM capability is applicable up to 2 layer MIMO. Introduce 4 layer MIMO performance requirement with 256QAM that is applicable to UEs that support 256QAM for 4 layer MIMO. 
· Option 2: Reuse existing 256QAM capability also for 4 layer MIMO and introduce 4 layer MIMO performance requirement with 256QAM. UE that supports 4 layer MIMO and 256QAM should fulfill performance requirement for 4 layer MIMO with 256QAM. 
· Option 3: Don’t introduce 4 layer MIMO performance requirement for 256QAM. 

It should be noted that 4 layer MIMO capability for 256QAM is also linked to eNB Tx EVM requirement for 4 layer MIMO. Since RAN4 does not have agreement on new Tx EVM requirement for 4 layer MIMO, option 3 seems to be most viable option RAN4 can take.  Once RAN4 agrees on Tx EVM requirement for 4 layer MIMO with 256QAM later, RAN4 can revisit corresponding UE performance requirements. 
Proposal 2. Don’t introduce 4 layer MIMO performance requirement for 256QAM. 
4. Test applicability for SDR test

When rank 4 SDR test is introduced for 64QAM and 256QAM, RAN4 also need to specify test applicability rule. For existing SDR test, CA configuration and bandwidth combination for SDR test is selected with following rules. 
· CA configuration and bandwidth combination is selected among CA configurations with largest number of CCs.

· Among CA configurations with largest number of CCs, select one that supports bandwidth combination with largest aggregated bandwidth. 

This rule works under the assumption that UE supports rank 2 PDSCH demodulation in all band in any CA configuration. However, we cannot expect same situation for 4 layer MIMO transmission. Most likely, UE will introduce 4 layer MIMO in an incremental way to avoid sudden increase in UE complexity. Also, 4 layer MIMO will be supported only in subset of bands due to constraint on 4 Rx antenna implementation. For a particular CA configuration, 4 layer will be supported for subset of CCs, which will be indicated by UE capability signaling. For test applicability rule for such UE implementation, we can consider following options. 
· Option 1: Apply SDR test to a CA configuration, bandwidth combination and ranks that supports highest MAC throughput among all CA configurations. 
· Option 2: Apply rank 2 SDR test to a CA configuration and bandwidth combination with largest aggregated bandwidth. Apply rank 4 SDR test to a CA configuration and bandwidth combination supporting 4 layer with largest aggregated bandwidth.
· Option 3: Apply rank 2 SDR test to a CA configuration and bandwidth combination with largest aggregated bandwidth. Apply rank 4 SDR test to only on single carrier test.

For example, let’s assume UE supports following CA configurations. 
· 20+20+10 with rank 2/2/2 on CA config A (no 4 layer CC)
· 20+15+10 with rank 2/2/4 on CA config B (4 layer CCs: 10)
· 10+10+10 with rank 2/4/4 on CA config C (4 layer CCs: 10+10)
If we follow option 1, CA config B will be selected for SDR test since this configuration can provide highest MAC throughput. If we follow option 2, CA config A will be selected for rank 2 SDR test and CA config C will be selected for rank 4 SDR test. If we follow option 3, either CA config A or B can be chosen while SDR test is run on single carrier. 
Option 1 has the advantage that we can apply SDR test with the highest MAC throughput and thus exert highest stress on MAC and upper layer. However, option 1 will affect existing SDR test applicability rule and it is not anymore guaranteed that SDR test is applied to CA configuration with maximum number of CCs and largest aggregated bandwidth. On the other hand, option 2 will leave existing SDR test applicability rule unaffected. On top of that, a new rule is introduced to find a CA configuration and bandwidth combination with largest aggregated bandwidth among 4 layer CCs. Option 3 has same applicability rule for 2 layer SDR test but only single carrier test is applied for 4 layer SDR test. We prefer either option 2 or option 3 since these options leave existing 2 layer SDR test unaffected and while providing additional test coverage for 4 layer SDR test. 
 Proposal 3. Consider following SDR test applicability rule for rank 4 UE. 

· Option 2: Apply rank 2 SDR test to a CA configuration and bandwidth combination with largest aggregated bandwidth. Apply rank 4 SDR test to a CA configuration and bandwidth combination supporting 4 layer with largest aggregated bandwidth.

· Option 3: Apply rank 2 SDR test to a CA configuration and bandwidth combination with largest aggregated bandwidth. Apply rank 4 SDR test to only on single carrier test.

5. Conclusions

In this contribution, we provided simulation results for 3/4 layer PDSCH demodulation test. Our proposals are 
Proposal 1. Select following FRC for 4 layer SDR test. 

· FDD 64QAM: MCS 27 in all SFs

· FDD 256QAM: MCS 26 in all SFs

· TDD 64QAM: MCS 27 in SF 0, 4, 5, 9
· TDD 256QAM: MCS 28 in SF 4, 5, 9 and MCS 27 for SF 0
Proposal 2. Don’t introduce 4 layer MIMO performance requirement for 256QAM. 

Proposal 3. Consider following SDR test applicability rule for rank 4 UE. 

· Option 2: Apply rank 2 SDR test to a CA configuration and bandwidth combination with largest aggregated bandwidth. Apply rank 4 SDR test to a CA configuration and bandwidth combination supporting 4 layer with largest aggregated bandwidth.

· Option 3: Apply rank 2 SDR test to a CA configuration and bandwidth combination with largest aggregated bandwidth. Apply rank 4 SDR test to only on single CC.
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