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1. Introduction

In RAN4#72 meeting, test coverage and test parameters for 256QAM demodulation are discussed but no agreement was reached. According to RAN1 and RAN4 process, 256QAM demodulation requirements can be further considered based on simulation studies. In this paper, we provide our simulation results and analysis on this aspect.
2. Discussion
Regarding 256QAM demodulation requirements, the way forward [2] was drafted in last meeting. Although it was not approved, the main open issues have been summarized. According to these open issues, our consideration on 256QAM demodulation requirements is elaborated in the following.
Transmission mode
For transmission mode, we agree TM2 with single layer, TM4 with dual layer and TM9 with single layer for 256QAM demodulation test. From perspective of demodulation reference signal, 256QAM demodulation requirements should cover CRS based transmission mode and DMRS based transmission mode. From perspective of transmission layer number, both 1-layer and 2-layer may be investigated. Then, considering practical network and 256QAM working scenario, for CRS based demodulation test, TM2 with 1-layer and TM4 with 2-layer are suitable. And for DMRS based demodulation test, TM9 with 1-ayer is sufficient.
Selection of MCS

Regarding MCS configuration of test cases, according to RAN4 test experience, it shall be guaranteed that UE demodulation can reach full throughput with this MCS order. This can also ensure UE demodulation performance does not seriously deteriorate because of impairment margin. Under this precondition, we propose to use high code rate in order to reflect the advantage of high data rate of 256QAM. Then, we consider some possible MCS order for different transmission mode tests as below: 
TM2: 

· 256QAM3/5: MCS 25 for SF 1, 2, 3, 4, 6, 7, 8, 9; MCS 24 for SF 0.

· 256QAM2/3: MCS 26 for SF 1, 2, 3, 4, 6, 7, 8, 9; MCS 25 for SF 0.

· 256QAM3/4: MCS 30 for SF 1, 2, 3, 4, 6, 7, 8, 9; MCS 29 for SF 0.

· 256QAM4/5: MCS 31 for SF 1, 2, 3, 4, 6, 7, 8, 9; MCS 30 for SF 0.

TM4: 

· 256QAM1/2: MCS 21 for SF 1, 2, 3, 4, 6, 7, 8, 9; MCS 21 for SF 0.

· 256QAM MCS23&22: MCS 23 for SF 1, 2, 3, 4, 6, 7, 8, 9; MCS 22 for SF 0.

· 256QAM3/5: MCS 25 for SF 1, 2, 3, 4, 6, 7, 8, 9; MCS 24 for SF 0.

TM9: 
· 256QAM3/5: MCS 23 for CSI-RS subframes; MCS 23 for normal subframes.

· 256QAM2/3: MCS 25 for CSI-RS subframes; MCS 24 for normal subframes.

· 256QAM3/4: MCS 26 for CSI-RS subframes; MCS 26 for normal subframes.

· 256QAM4/5: MCS 30 for CSI-RS subframes; MCS 29 for normal subframes.

Based on these above MCS configurations, we show their demodulation performance for TM2, TM4 and TM9 in figure1~3. And the result statistics are given in table1. The simulation applies RV [0 0 1 2] and 3% Tx EVM.
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Figure1 Throughput performance for TM2 with single layer
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Figure2 Throughput performance for TM4 with dual layer
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Figure3 Throughput performance for TM9 with single layer
Table1 Statistics on 256QAM demodulation performance
	Transmission mode
	MCS
	SNR at 70% of full TP
(dB)
	Max TP within SNR range (Normalized)

	TM2
	256QAM3/5
	17.6
	1

	
	256QAM2/3
	20.8
	0.9673

	
	256QAM3/4
	22.8
	0.8575

	
	256QAM4/5
	25.8
	0.7965

	TM4
	256QAM1/2
	20.5
	1

	
	256QAM MCS23&22
	21.8
	0.9992

	
	256QAM3/5
	23.9
	0.9975

	TM9
	256QAM3/5
	15.8
	1

	
	256QAM2/3
	17.7
	1

	
	256QAM3/4
	20.8
	1

	
	256QAM4/5
	21.7
	1


According to the simulation results and above analysis, it can be observed that 256QAM3/5 for TM2, 256QAM1/2 for TM4 and 256QAM4/5 for TM9 meet the test requirements. 
As above, it can be proposed that: 
Proposal1: The test cases for 256QAM demodulation requirements are proposed as below:

· Test1: TM2, 256QAM3/5, EVA5, ULA 2x2 median;

· Test2: TM4, 256QAM1/2, EPA5, ULA 2x2 low;

· Test3: TM9, 256QAM4/5, EPA5, ULA 2x2 low.
Redundancy version
In existing demodulation test cases, redundancy version mainly use [0 0 1 2] for high order modulation and [0 1 2 3] for low order modulation for HARQ. However, in our opinion, which one redundancy version is used for 256QAM demodulation test should be dependent on the demodulation performance. Figure4~ 6 show the throughput performance with RV [0 0 1 2] and with RV [0 1 2 3] in TM2, TM4 and TM9. From these figures, the demodulation performance with RV [0 1 2 3] is better than with RV [0 0 1 2], especially in low SNR region. The difference of performance is not obvious in high SNR region. Thus, in order to present more sufficient UE demodulation capability in 256QAM demodulation test, we propose to use redundancy version of [0 1 2 3]. 
Proposal2: 256QAM demodulation tests can use redundancy version [0 1 2 3].
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Figure4 Demodulation performance for TM2 with 256QAM3/5
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Figure5 Demodulation performance for TM4 with 256QAM1/2
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Figure6 Demodulation performance for TM9 with 256QAM4/5
Rx EVM
In previous demodulation performance tests, only Tx EVM is defined for simulation process while Rx EVM is included in implementation impairment margin. However, for 256QAM demodulation requirements, it can not be determined whether or not introduce Rx EVM during simulation. Since 256QAM performance is very sensitive in aspect of demodulation environment, the addition of Rx EVM maybe lead to visible demodulation performance degradation in high SNR scenario. Further, if not consider Rx EVM in simulation, it is not clear whether UE can guarantee the minimum performance requirements. Hence, impact of Rx EVM to 256QAM demodulation needs to be investigated through simulation studies. 
Proposal3: Impact of Rx EVM to 256QAM demodulation needs to be investigated through simulation studies.
3. Conclusion
In this contribution, we provide our considerations on 256QAM demodulation requirements. And according to these considerations, our proposals are given as following:
Proposal1: The test cases for 256QAM demodulation requirements are proposed as below:

· Test1: TM2, 256QAM3/5, EVA5, ULA 2x2 median;

· Test2: TM4, 256QAM1/2, EPA5, ULA 2x2 low;

· Test3: TM9, 256QAM4/5, EPA5, ULA 2x2 low.
Proposal2: 256QAM demodulation tests can use redundancy version [0 1 2 3].

Proposal3: Impact of Rx EVM to 256QAM demodulation needs to be investigated through simulation studies.
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