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Discussion
1 Introduction
   The wayforward [1] was discussed in RAN1-88 and the agreements are made and shown below. 
Agreements:
· Refine the description in 38.802 for Type II CSI Category I as follows
· Dual-stage W = W1W2 codebook 

· W1 consists of a set of L orthogonal beams taken from 2D DFT beams

· The set of L beams is selected out of a basis composed of oversampled 2D DFT beams

· L ({2, 3, 4, FFS 6} (L is configurable)

· Beam selection is wideband

· W2: L beams are combined in W2 with common W1, 

· Subband reporting of phase quantization of beam combining coefficients

· Configurable between QPSK and 8-PSK phase related information quantization

   In this contribution, we further discuss the type II CSI codebook for NR advanced codebook design.
2 Simulation setup 
	Carrier frequency 
	2GHz 

	Antenna configuration
	16x2

	(N1, N2, P, O1, O2)
	(4, 2, 2, 4, 4)

	MIMO correlation
	Low at UE and low at eNB

	Layer number for PDSCH
	2

	Data allocation
	Wideband (10MHz)

	Scheduling constraint
	Fixed coderate: No PDSCH transmitted at the subframe with CSI-RS

	Transmission scheme
	TM9 

	Link adaptation
	Fixed MCS at MCS= 5, 13 and 23

	HARQ
	Disabled 

	Channel coding
	Turbo code

	CSI subband size
	6 PRBs

	CSI reporting periodicity
	5ms

	CSI-RS periodicity
	5ms

	Time/freq tracking 
	not applied

	Propagation channel
	EPA5


Table 1: simulation parameters
	· Beam space formed by L beams: wideband
· Beam number (L): 2/3/4/6

· Common beam space, B, for both of xpol 0 and xpol 1

· Beam amplitude scaling: un-quantized WB/un-quantized SB

· Phase quantization: QPSK/8-PSK

· Constraint on amplitude:

· Baseline: the pr,l,i with the constraint, 0 ≤ pr,l,i ≤1.
· Common on layer
· Common on Xpol


Table 2: Parameters of linear combined codebook
3 Simulation results analysis and Type II CSI design analysis
   The required SNR values are collected in Table 3. The goal of subband-based amplitude scaling is to enhance precoder accuracy. Based on the simulation results, it provides 0.4~1.7 dB gain over wideband one and is a useful tool to enhance NR data channel performance. 
   Subband amplitude scaling consumes a lot of UL bits. Common on layer/Xpol can be used to reduce 50% of reported UL bits on amplitude scaling. However, comparing subband amplitude scaling with common on layer/Xpol to wideband amplitude scaling without common on layer/Xpol, 

· The performance enhancement is marginal. Meanwhile, in some cases, performance degradation is observed 
· It needs (0.5*subband number) times UL bits on amplitude scaling than wideband one 
· UE pays extra computing resource to deal with the constraint introduced by common on layer/Xpol

Proposal 1: NR should support subband amplitude scaling without common on layer/Xpol.
    Using common on layer/Xpol is beneficial for bit-limited channels, e.g. NR-PUCCH. For rank2 case, common on layer and common on Xpol can offer the identical compression rate. However, from the point of view of performance and implementation cost, we prefer common on Xpol for wideband amplitude scaling
Proposal 2: NR should support wideband amplitude scaling with common on Xpol.
   Regarding that W1 consists of non-orthogonal DFT beams, the 2-norm of linear combined precoder is phase-dependent. For example, b0 and b1 are not orthogonal and the precoder is formed by these two beams, 
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so that the UE shall pay extra computing resources to deal this issue. Moreover, the there is no straight-forward solution to derive the projection matrix of non-orthogonal DFT beams. It means UE shall pay more computing resources to support linear combined codebook as well.  
Proposal 3: Focus on W1 consists of orthogonal DFT beams only.
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8PSK, baseline -3.30 2.43 11.47 -2.57 3.45 12.72
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Table 3: Required SNR to achieve 90% maximum throughput

4 Conclusion

Finally we have,
Proposal 1: NR should support subband amplitude scaling without common on layer/Xpol.
Proposal 2: NR should support wideband amplitude scaling with common on Xpol.
Proposal 3: Focus on W1 consists of orthogonal DFT beams only.
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