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Introduction
In RAN1#95, the DFT-based frequency domain (FD) compression was agreed as the supported mechanism for Type II overhead reduction for rank 1-2 [1]. The following agreement was made about the LC coefficient quantization.
	Agreement: 

For each layer, the following alternatives for quantizing each of the coefficients in  are to be studied for down selection in RAN1#96: 
· Alt1A. Rel.15 3-bit amplitude; Rel.15 QPSK and 8PSK co-phasing 
· Alt1B. Rel.15 3-bit amplitude; Rel.15 QPSK, Rel.15 8PSK, and new 16PSK co-phasing 
· Alt2A. Rel.15 3-bit wideband amplitude for each beam, 2/3-bit differential amplitude for FD coefficients; Rel.15 QPSK and 8PSK co-phasing 
· Alt2B. Rel.15 3-bit wideband amplitude for each beam, 2/3-bit differential amplitude for FD coefficients; Rel.15 QPSK, Rel.15 8PSK, and new 16PSK co-phasing
· Alt2C. Rel.15 3-bit wideband amplitude + Rel.15 QPSK and 8PSK wideband co-phasing for each beam, 2/3-bit differential amplitude and co-phasing for FD coefficients;
· Alt3. A-bit amplitude for each of 2L beams, B-bit amplitude for each of M FD components, 1-bit differential amplitude and 8PSK co-phasing for each of the 2LM FD coefficients
· Alt4. For each beam, 
· B0-bit amplitude and C0-bit phase for coefficients for the P0 strongest coefficients, 
· B1-bit amplitude and C1-bit phase for coefficients for the P1 2nd strongest coefficients, …
· …
· BQ-1-bit amplitude and CQ-1-bit phase for coefficients for the PQ-1 Qth strongest coefficients
· Alternatively, amplitude/phase can be replaced with real/imaginary
· Alt5. Special case of Alt4: Q=2, B0=C0=3; B1=C1=2 on amplitude/phase


This contribution provides simulation results to compare some of the alternatives for LC coefficient quantization and makes conclusions in support of our proposal in [2]. 
It is noted that during an offline email discussion after RAN1#96, Alt2C was withdrawn. Since the discussion on Alt3, 4, and 5 is still ongoing (the proposals are still being refined/changed and to be finalized by the proponents), these schemes are not evaluated in this contribution.

Simulation results for LC coefficient quantization
For performance evaluation, the non-full-buffer system-level evaluation is carried out for Dense Urban (Macro only) channel model in medium (50% target RU) traffic loading scenario, and dynamic switching between SU-MIMO and MU-MIMO is considered in the simulation. The results are provided for 16 antenna ports at the gNB. The relevant simulation assumptions and parameters are according to the agreed assumptions in RAN1#94bis, and are enlisted in Table 1 in Appendix. The results are provided in Figure 1 for the following parameters. 
· Spatial compression: L = 4
· Frequency compression: M = 8
· Basis subset selection: Alt1B with 
· Coefficient quantization: the following alternatives are compared. 
· Alt1A: (A, P) = (3,3) bits
· Alt1B: (A, P) = (3,4) bits
· Alt2A: (A, P) = (3+3,3) bits
· Alt2B: (A, P) = (3+3,4) bits
As reference, Rel. 15 Type II with L = 2, WB+SB amplitude, and 8-PSK phase is considered. We can observe the following.
Observation:
· Alt 1A/1B achieves the best performance-overhead trade-off
· 16PSK (Alt 1B/2B) phase quantization achieves 1-2% additional gain over 8PSK (Alt 1A/2A) phase quantization 
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[bookmark: _Ref525766551]Figure 1: Performance-overhead trade-off for different LC coefficient quantization alternatives; left: rank 1 and right: dynamic rank 1-2 
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The results comparing Alt 1A, 1B, 2A, 2B, and 4 are provided in Appendix.

Conclusions
In this contribution, simulation results are provided for LC coefficient quantization. The observations made are summarized as follows. 
Observation:
· Alt 1A/1B achieves the best performance-overhead trade-off
· 16PSK (Alt 1B/2B) phase quantization achieves 1-2% additional gain over 8PSK (Alt 1A/2A) phase quantization. 
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Appendix

The simulation results for Alt4 with the following parameters is shown in Figure 2. 
· Q=3, 
· P0=1, 
· P1=G=4, 
· P2=M-P0-P1
· (A,P) = (4+3+2,4+3+2).
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[bookmark: _Ref534875812]Figure 2: Performance-overhead trade-off for different LC coefficient quantization alternatives; left: rank 1 and right: dynamic rank 1-2
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	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only)

	Frequency Range
	FR1, 4GHz.

	Inter-BS distance
	200m 

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	16 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	2RX: (M, N, P, Mg, Ng, Mp, Np) = (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ 

	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 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Number of RBs
	52 for 15 kHz SCS  SB size = 4 and #SBs = 13

	Simulation bandwidth 
	10 MHz,15kHz SCS

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

	MIMO scheme
	SU/MU-MIMO with rank adaptation

	MIMO layers
	Up to 4 MU layers

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

	Overhead 
	DMRS, CSI-RS, PDCCH 

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	50%

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

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	Throughput vs CSI feedback overhead (bits)

	Baseline for performance evaluation
	Rel-15 Type II Codebook 
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