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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 FD compression unit.
	Agreement: 
In RAN1 NR-AH 1901, select one of the following alternatives for precoder/PMI FD compression unit, taking into account UPT vs. overhead and complexity 
· Alt1. Subband (SB), wherein the SB size for precoder/PMI compression is the same as the CQI subband size
· Alt2. X resource blocks (RBs), different from CQI subband size. Three sub-alternatives 
· Alt2.1 X = 1
· Alt2.2 X = CQI SB size / R where R>1 is a predetermined integer 
· Only one R value is supported. FFS: the value of R
· Alt2.3 X = {2, 4} where X is higher-layer configured 

Assume Rel.15 3-bit amplitude and Rel.15 8PSK co-phasing for quantization for evaluation purposes.


This contribution provides simulation results to compare the alternatives for FD compression unit and makes conclusions in support of our proposal in [2]. 
Simulation results for FD compression unit
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 for 10 MHz BW) and low (30% target RU for 100 MHz BW) traffic loading scenarios, 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 and Figure 2 for the following parameters. 
· Spatial compression: L = 4
· Frequency compression: M = {2, 4, 6, 8}
· Coefficient quantization: (Amp, phase) = (3,3) bits
· (CQI SB size, PMI SB size) = (x, y) according to table below.
	BW (MHz)
	CQI SB size (x)
	PMI SB size (y)

	10
	4
	4,2,1

	100
	16
	16,8,4,2,1



As reference, Rel. 15 Type II with L = 2, WB+SB amplitude, and 8-PSK phase is considered. We can observe the following.
Observation:
· For 10 MHz BW, difference between y = 1, 2, and 4 are small. 
· For 100 MHz BW, difference between y = 1, 2, 4, 8, and 16 are large.
· The performance-overhead tradeoff improves then gets worse as y decreases, which implies that there exists an optimum value for y.
· y = x/R with R = 1 or 2 achieves the best performance-overhead trade-off.  


[bookmark: _Ref525766551]Figure 1: Performance-overhead trade-off for 10 MHz BW
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[bookmark: _Ref534868777]Figure 2: Performance-overhead trade-off for 100 MHz BW

Conclusions
In this contribution, simulation results are provided for FD compression unit. The observations made are summarized as follows. 
Observation:
· For 10 MHz BW, difference between y = 1, 2, and 4 are small. 
· For 100 MHz BW, difference between y = 1, 2, 4, 8, and 16 are large.
· The performance-overhead tradeoff improves then gets worse as y decreases, which implies that there exists and optimum value for y.
· y = x/R with R = 1 or 2 achieves the best performance-overhead trade-off.  
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	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only)

	Frequency Range
	FR1, 4GHz, 10/100 MHz BW

	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% for 10 MHz BW, 30% for 100 MHz BW

	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 



R15 TypeII, L={2,3,4}	343	462	683	1	1.0456509618065235	1.0819626428770559	M={2,4,6,8}, (x,y) = (4,4)	215	415	611	803	0.99512127125731809	1.0724142737663787	1.1000487872874267	1.1107471424588793	M={2,4,6,8}, (x,y) = (4,2)	219	423	625	823	1.0029620853080567	1.0815096180652355	1.1149637580150544	1.1236060775020908	M={2,4,6,8}, (x,y) = (4,1)	223	433	639	841	0.99864092556453854	1.0822762754390856	1.1092138277111792	1.1314817396152774	Rank 2 overhead (bits)


Avg. UPT




R15 TypeII, L={2,3,4}	463	622	923	1	1.0081683727558699	1.0214289438467821	M={2,4,6}, (x,y) = (16,16)	217	419	619	0.97571212568866328	0.99782756043726861	1.0124611133318271	M={2,4,6}, (x,y) = (16,8)	221	427	631	0.9690818401432072	1.00779471315108	1.0248613983558976	M={2,4,6}, (x,y) = (16,4)	225	435	645	0.96029649455152155	0.99646326839187338	1.0196736126800952	M={2,4,6}, (x,y) = (16,2)	229	445	657	0.95060741410173977	0.98916387146109597	1.0124350440570744	M={2,4,6}, (x,y) = (16,1)	233	453	669	0.94700116442760562	0.98657432350232011	1.0026677557830341	Rank 2 overhead (bits)


Avg. UPT
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