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1. Introduction
In RAN1 #77, significant progress was made in specification for 256-QAM as summarized in LS [1]. According to LS, working assumptions for CQI, MCS and TBS table are available now and operational detail for 256-QAM is agreed including configuration of 256-QAM MCS/CQI table, supported TM and DCI usage. In RAN4 #71, there was initial discussion regarding demodulation performance requirements for 256-QAM. In this contribution, we provide our view on demodulation performance requirements for 256-QAM. 
2. Discussions
2.1. Control channel

According to RAN1 LS [1], introduction of 256-QAM in downlink for small cell enhancement does not have any implication on downlink control channel operation including PCFICH, PDCCH, PHICH, EPDCCH and PBCH. Thus, there is no need to consider any new requirement for control channel demodulation. 
Proposal 1. Introduce no new performance requirements for control channels including PCFICH, PDCCH, PHICH, EPDCCH and PBCH.

2.2. Tx EVM
6% Tx EVM is assumed in RAN4 simulation for demodulation and CSI performance requirements. 6% Tx EVM translates to CINR ceiling at 24.4dB and any existing UE performance requirements are constrained to be defined at CINR below this ceiling. RAN1 LS [1] indicates that first MCS with 256-QAM constellation has same spectral efficiency as MCS 27, i.e., highest MCS with 64-QAM, of legacy MCS table. If same Tx EVM is assumed, it is unlikely that UE can achieve good PDSCH demodulation performance with 256-QAM MCS. Thus, we have to assume better Tx EVM in order to enable test case design for 256-QAM demodulation. 
In RF session, there was discussion for BS EVM requirement for 256-QAM and EVM in the rage of 3~4% is being discussed. We agree that Tx EVM assumption for 256-QAM simulation should be aligned with EVM requirement for eNB supporting 256-QAM [2]. For 64-QAM, EVM requirement is specified to be 8% in [3] but RAN4 assumed 6% EVM in demodulation simulation. In our view, this does not cause any problem since 8% EVM is minimum performance requirement to be fulfilled by all eNB and specification of UE performance requirement does not need to be constrained by worst case eNB performance. Following the same methodologies, we would like to propose to use 3% Tx EVM in demodulation simulation. 
Proposal 2. Assume Tx EVM of 3% in demodulation and CSI performance simulation for 256-QAM.

2.3. Transmission mode
RAN1 agreed that 256-QAM is supported for all TMs and up to 8-layer PDSCH transmission. In [2], 7~8 256-QAM test cases were proposed for TM1, TM3, TM4 and TM9. In order to choose TMs, we first need consider following selection criteria. 
· Both CRS and DM-RS based TMs should be covered by new 256-QAM tests. 

· Both rank 1 and rank 2 demodulation performance should be verified. Rank 1 is likely to be used in medium/high correlation channel with medium to high CINR and rank 2 will be used in low correlation channel with high CINR. 

· Select TM that is most relevant to real network deployment. 
· Minimize number of new test cases for 256-QAM

In [2], it was proposed to consider TM1 test based on the understanding that low cost eNB might have 1 Tx antenna implementation. However, in our view, it is very unlikely that 1 Tx eNB is deployed in real network since 1 Tx eNB cannot benefit from MIMO transmission, which is one of the most important physical layer features of LTE. Instead, we would like to propose to consider TM2 test in medium correlation channel as CRS based rank 1 transmission. For DM-RS based transmission mode, TM9 can be considered as baseline TM. For TDD, TM8 might also be considered. However, for PDSCH demodulation performance, test set up and UE operation for TM8 and TM9 is same except for rate matching around CSI-RS. In order to align test configuration between FDD and TDD and minimize the number of test cases, we would like to propose to define only TM9 test for both FDD and TDD. Based on above analyses, we would like propose following tests for 256-QAM.

Proposal 3. Consider following 3 test cases for 256-QAM. 

· TM2 test in 2x2 EPA5 medium correlation channel

· TM3 test in 2x2 EVA5 low correlation channel

· TM9 rank 1 test in 2x2 EPA5 low correlation channel

2.4. System bandwidth / CA
When new feature is introduced, RAN4 typically define single carrier test with 10MHz system bandwidth for FDD and 20MHz system bandwidth for TDD. Rationale behind this decision is that (1) each new feature is defined standalone instead of combining with other feature like CA and (2) most typical system bandwidth is selected for FDD and TDD to be applicable to all bands. In [2], it was proposed to also consider 5MHz system bandwidth for FDD test to cover band 31. However, in our view, single band UE that only supports band 31 is kind of corner case and existing test coverage with reduced set of tests are good enough. We should also note that we didn’t introduce any tests with 5MHz system bandwidth for Rel-11 features such as FeICIC, CoMP, MMSE-IRC receiver or ePDCCH. 
For 256-QAM, we don’t see need for additional CA tests. In general, we assume CA UE implementation is same as single carrier UE implementation and it can be verified by existing CA performance requirements. Further, we believe UE should be allowed to declare 256-QAM capability per CA configuration per band since RF implementation challenge is dependent on band. When 256-QAM capability is band dependent, test applicability rule would become more complicated to track. 
Proposal 4. Introduce only single carrier test with 10MHz system bandwidth for FDD and 20MHz system bandwidth for TDD. 

2.5. Sustained data rate test

Sustained data rate test is defined to verify UE’s capability to handle peak data rate in both physical and upper layer and RF impairment performance. Since peak data rate is dependent on UE category, single carrier and CA SDR tests are defined with different bandwidth and UE category. RAN1 is still discussing how UE category can be revised in support of 256-QAM UE. Whether peak data rate is increased or not will depend on RAN1 decision on UE category revision. 
Proposal 5. Postpone discussion for SDR test until RAN1 finalizes UE category decision for 256-QAM.
3. Conclusion 

In this contribution, we provided our view on demodulation performance requirements for 256-QAM. According to our analyses, our proposals are as following. 
Proposal 1. Introduce no new performance requirements for control channels including PCFICH, PDCCH, PHICH, EPDCCH and PBCH.

Proposal 2. Assume Tx EVM of 3% in demodulation and CSI performance simulation for 256-QAM.

Proposal 3. Consider following 3 test cases for 256-QAM. 

· TM2 test in 2x2 EPA5 medium correlation channel

· TM3 test in 2x2 EVA5 low correlation channel

· TM9 rank 1 test in 2x2 EPA5 low correlation channel

Proposal 4. Introduce only single carrier test with 10MHz system bandwidth for FDD and 20MHz system bandwidth for TDD. 

Proposal 5. Postpone discussion for SDR test until RAN1 finalizes UE category decision for 256-QAM.
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