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Introduction
In this contribution, we present evaluation results for the agreed parameter settings for the enhanced Type II codebook and additionally for L=6 SD-basis vectors. This is a revision of R1-1905114.
Evaluation results
We consider the following scenario and codebook parameter settings:
· Simulation bandwidth 10 MHz
· 
· Number of NZ coefficients: , 
· Number of SD-basis vectors: 
· Number of FD-components: , 
· Phase quantization: 8-PSK and 16-PSK
· 32 Tx and 16 Tx
The remainder of the simulation assumptions are summarized in the Appendix and follow the agreed simulation assumptions. Results are plotted as relative average UPT over Type I CSI vs Rank-2 overhead. As a reference, the Rel-15 Type II codebook, additionally extended to L=6, is shown. The results for 32 Tx and 8-PSK co-phasing are presented in Figure 1.
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Figure 1: Performance of 32Tx codebook with 8-PSK co-phasing

[bookmark: _Toc5198591]For 32Tx, compared to Rel-15 Type II with L=4, 45% overhead reduction can be achieved with  with even a small increase in performance
[bookmark: _Toc5198592]For 32Tx, performance of L=2 is not competitive, especially  which has inferior performance to  with similar overhead
[bookmark: _Toc5198593]For 32 Tx and L=6,  has overlapping performance/overhead with L=4.  have slightly larger performance than , however only the configuration  result in feasible overhead (smaller overhead than Rel-15 Type II)
[bookmark: _Toc5198594]For 32 Tx, generally  results in quite limited performance gain compared to , at the cost of quite a large overhead increase

The corresponding results for 16-PSK co-phasing is provided in Figure 2. The relative performance between the difference schemes are similar as for the 8-PSK case and the same conclusion can be made, with the addition that the small gains with L=6 seems to vanish.
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[bookmark: _Ref5198432]Figure 2: Performance of 32Tx codebook with 16-PSK co-phasing
The corresponding results for 16Tx are presented in Figure 3 and Figure 4 for 8-PSK and 16-PSK co-phasing respectively. By and large, the conclusions are similar to the 32Tx results.
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Figure 3: Performance of 16Tx codebook for 8-PSK co-phasing
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Figure 4: Performance of 16Tx codebook for 16-PSK co-phasing


[bookmark: _Toc5198595]For 16Tx, L=6 does not bring any benefit compared to L=4

Based on these observations, we can conclude that some codebook configurations likely can be pruned since they do not are not competitive enough. We make the following proposals:
[bookmark: _Toc5198596]Consider not supporting L=2, at least  can be removed
[bookmark: _Toc5198597]Consider not supporting , since it has limited performance gain
Then considering if L=6 is to be introduced, we note that only the configuration  provides a benefit over existing L=4 configurations in the feasible overhead region, and the gain is only around 1%. In our view, it is not large enough to motivate introducing a new configuration.
[bookmark: _Toc5198598]Do not support L=6 spatial beams


Conclusion 
Based on the discussion in this contribution we make the following observations:
Observation 1	For 32Tx, compared to Rel-15 Type II with L=4, 45% overhead reduction can be achieved with  with even a small increase in performance
Observation 2	For 32Tx, performance of L=2 is not competitive, especially  which has inferior performance to  with similar overhead
Observation 3	For 32 Tx and L=6,  has overlapping performance/overhead with L=4.  have slightly larger performance than , however only the configuration  result in feasible overhead (smaller overhead than Rel-15 Type II)
Observation 4	For 32 Tx, generally  results in quite limited performance gain compared to , at the cost of quite a large overhead increase
Observation 5	For 16Tx, L=6 does not bring any benefit compared to L=4

Based on these observations, we propose the following:
Proposal 1	Consider not supporting L=2, at least  can be removed
Proposal 2	Consider not supporting , since it has limited performance gain
Proposal 3	Do not support L=6 spatial beams



Appendix
Table 1: SLS assumptions for CSI enhancement 
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Scenario
	Dense Urban (Macro only) 

	Carrier frequency
	4GHz

	Inter-site distance
	200m 

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	32 ports: (8,4,2,1,1,4,4), (dH,dV) = (0.5, 0.8)λ 
16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ 
100 deg tilt


	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) 

	BS Tx power 
	41 dBm

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Simulation bandwidth 
	0 MHz with 15kHz SCS

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	SU/MU-MIMO with rank adaptation

	MIMO layers
	Maximum 8 layers

	CSI feedback 
	· CSI feedback periodicity (full CSI feedback) :  5 ms, 
· Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	Overhead 
	[bookmark: _GoBack]DMRS overhead included
CSI-RS overhead included
TRS overhead included 

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes


	Traffic load (Resource utilization)
	· 70 % for CSI overhead reduction

	UE distribution
	- 80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic
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