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1 Introduction
[bookmark: _GoBack]In RAN4#86bis demodulation and CSI requirements for high capacity stationary wireless link and 1024QAM were discussed and a way forward [1] was approved. In this paper we provide simulation results and discuss PDSCH demodulation requirements in fading conditions with 1024QAM.
2 Discussion
For PDSCH demodulation requirements with 1024QAM in fading channel conditions the following common parameters were agreed upon:
	Parameters
	Value

	Bandwidth
	10MHz

	Channel model
	EPA5

	CFI (OFDM symbol for control channel)
	1

	Duplex mode
	FDD


In order to select the parameters for test cases companies were encouraged to provide results for the following options for further evaluation:
	No.
	TM
	PMI feedback (pre-coding)
	MIMO layer 
	MCS
	Antenna config.
	Tx EVM

	1
	TM4
	Wideband PMI
Option 1:  Feedback (PUSCH 3-1, Reporting interval =1)
Option 2: Random
	Op1: 1-layer
Op2: 2-layer
	MCS#23 (with 52752 bits)
FFS: other MCS for 1-layer
	4x2 Low
	Op1: 1.5%
Op2: 2%

	2
	TM4
	Wideband PMI
Option 1: Feedback (PUSCH 3-1, Reporting interval =1)
Option 2: Random
	Op1: 1-layer
Op2: 2-layer
	MCS#23 (with 52752 bits)
FFS: other MCS for 1-layer
	4x4 Low
	Op1: 1.5%
Op2: 2%

	3
	TM9
	Wideband PMI
Option 1: Feedback 
Option 2: Random
	Op1: 1-layer
Op2: 2-layer
	MCS#23 (with 52752 bits)
FFS: other MCS for 1-layer
	4x2 Low
	Op1: 1.5%
Op2: 2%

	4
	TM9
	Wideband PMI 
Option 1: Feedback
Option 2: Random
	Op1: 1-layer
Op2: 2-layer
	MCS#23 (with 52752 bits)
FFS: other MCS for 1-layer
	4x4 Low
	Op1: 1.5%
Op2: 2%


2.1 Fading Channel Tests in TM4
In TM4 performance was evaluated with the following parameters:
· PMI: Random ,Wideband PMI
· # Rx Antenna: 2Rx, 4Rx
· MIMO Layers: 1,2
· MCS: 23
· # Subframes PDSCH transmission :8
· Tx EVM: 1.5%, 2%
· Rx EVM: 0
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Figure 1: Performance in TM4 with 2Rx
With 2 Rx antennas with TM4, all cases achieve maximum throughput except with 2 layers using random PMI.
Observation #1: 4x2, 2 layers with random PMI doesn’t achieve max TP
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Figure 2: Performance in TM4 with 4Rx

In TM4 with 4Rx antenna all cases achieve max TP.
In TM4 across all cases the delta in performance between Tx EVM of 1.5, 2% is not significant in EPA5 channel with no Rx EVM. 
Observation #2: In TM4 with no Rx EVM, the performance delta between Tx EVM of 1.5 and 2% is not significant
To have sufficient test coverage and limit the number of tests introduced for 1024QAM introduce 4Rx test in TM4 with 2 layer using wideband PMI. 
Proposal #1: For PDSCH demodulation test in fading channel with 4Rx introduce test in TM4 with 2 layer using wideband PMI
2.2 Fading Channel Tests in TM9
In TM9 performance was evaluated with the following parameters:
· PMI: Random ,Wideband PMI
· # Rx Antenna: 2Rx, 4Rx
· MIMO Layers: 1,2
· MCS: 23
· # Subframes PDSCH transmission :8
· Tx EVM: 1.5%, 2%
· Rx EVM: 0
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Figure 3: Performance in TM9 with 2Rx
With 2 Rx antennas in TM9, 2 layers tests cases don’t achieve max TP using random or wideband PMI.
Observation #3: TM9 with 2 layers doesn’t achieve max TP with random or wideband PMI 
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Figure 4: Performance in TM9 with 4Rx

With 4Rx antenna all cases achieve max TP.
In TM9 in some cases the delta in performance between Tx EVM of 1.5, 2% is up to 1dB in EPA5 channel with no Rx EVM. 
Observation #4: In TM9 with no Rx EVM, the performance delta between Tx EVM of 1.5 and 2% is almost 1dB in some cases
To have sufficient test coverage and limit the number of tests introduced for 1024QAM introduce 2Rx test in TM9 with 1 layer using random PMI. 
Proposal #2: For PDSCH demodulation test in fading channel with 2Rx introduce test in TM9 with 1 layer using random PMI
2.3 Effect of Rx EVM
In demodulation performance alignment Rx EVM is not usually considered and included as part of RF impairments model. Rx EVM introduces non-linear distortion resulting in a noise floor such that the max configured throughput is not achieved. The effect of practical Rx EVM in combination with Tx EVM is captured in the figure below.
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Figure 5: Effect of Rx EVM
As shown in figure 5 above Rx EVM introduces non-linear performance degradation and limits the max achievable throughput and should be considered in deriving performance requirements.
Observation #5: Rx EVM introduces non-linear performance degradation and limits the max achievable throughput
Proposal #3: Consider practical Rx EVM while deriving demodulation performance requirements
3 Conclusion
In this paper we have presented simulation results with 1024QAM in fading channels to derive PDSCH demodulation requirements. Our observations and proposals are summarized as follows:
Observation #1: 4x2, 2 layers with random PMI doesn’t achieve max TP
Observation #2: In TM4 with no Rx EVM, the performance delta between Tx EVM of 1.5 and 2% is not significant
Observation #3: TM9 with 2 layers doesn’t achieve max TP with random or wideband PMI 
Observation #4: In TM9 with no Rx EVM, the performance delta between Tx EVM of 1.5 and 2% is almost 1dB in some cases
Observation #5: Rx EVM introduces non-linear performance degradation and limits the max achievable throughput
Proposal #1: For PDSCH demodulation test in fading channel with 4Rx introduce test in TM4 with 2 layer using wideband PMI
Proposal #2: For PDSCH demodulation test in fading channel with 2Rx introduce test in TM9 with 1 layer using random PMI
Proposal #3: Consider practical Rx EVM while deriving demodulation performance requirements
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