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Introduction
In RAN1 AH 1901, the following agreement was made about the DFT-based FD compression parameter .
	Agreement



[bookmark: _Hlk536009008]Values of N3: For  and NSB is # CQI subbands, when , 


Values of N3: For  and NSB is # CQI subbands, when , downselect among the following alternatives in RAN1#96
· 
Alt1: N3 is smallest multiple of 2, 3, or 5 which is  
· Alt2: N3 is a multiple of 2, 3, or 5. Segment into 2 parts with overlapping between 2 parts. Note: no padding is needed to align the DFT size with the multiple of 2, 3, or 5 



The following agreement was made in RAN1#96.
	Agreement

On the values of N3, further discuss and clarify/refine both of the available alternatives with  as the evaluation baseline 



This contribution provides simulation results to compare the performance of the two alternatives for , and makes conclusion in support of our proposal in [3]. This contribution is a revision of [4].
[bookmark: _Ref446598642]Simulation results for 
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. As reference, Rel. 15 Type II with L = 2, WB+SB amplitude, and 8-PSK phase is considered.
We compare the two alternatives (Alt1 and Alt2 in Section 1) for . For comparison, (Alt0)  is also considered in this evaluation. The results are provided in Figure 1 () and Figure 2 () for the following parameters and assumptions. 
· Spatial compression: L = 4
· Frequency compression: M = 6
· Rank 1 only
·  for Alt1 and Alt2
· Padding in Alt1 is random between the following three padding options.
· Option 0:  FD units are padded before the  FD units corresponding to the CQI SBs
· Option 1:  FD units are padded after the  FD units corresponding to the CQI SBs
· Option 2:  FD units are padded before the  FD units corresponding to the CQI SBs, and the remaining  FD units are padded after.
· For Alt2,  FD units are allocated to the first segment, and the remaining  FD units are allocated to the second segment. In order to align the number of FD units in the CQI SBs and the total number of FD units in two segments, some of FD units in the two segments can overlap.
We can observe the following.
Observation: When ,
· Alt0 () achieves the best performance-overhead trade-off
· Alt1 ( is a multiple of 2, 3, or 5) incurs large performance loss due to possible misalignment/mismatch between an assumed precoder by the gNB and an actual precoder used by the UE while calculating CQI
· Alt2 (two segments) results in high overhead, and performs worse than Alt0 in terms of performance-overhead trade-off   

[bookmark: _Ref1129623]Figure 1: Performance-overhead trade-off for  and 

[bookmark: _Ref1129624]Figure 2: Performance-overhead trade-off for  and 

Conclusions
In this contribution, simulation results are provided to compare the performance of the two alternatives for . The observations made are summarized as follows. 
Observation: When 
· Alt0 () achieves the best performance-overhead trade-off
· Alt1 ( is a multiple of 2, 3, or 5) incurs large performance loss due to possible misalignment/mismatch between an assumed precoder by the gNB and an actual precoder used by the UE while calculating CQI
· Alt2 (two segments) results in high overhead, and performs worse than Alt0 in terms of performance-overhead trade-off     
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[bookmark: _Ref525812457]Table 1: Simulation assumptions
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only)

	Frequency Range
	FR1, 4GHz, 20 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 



20 MHz BW, N_SB=21, R=1

R15 TypeII, L={2,3,4}	272	364	539	1	1.0213346089452282	1.0434824204735709	Alt0: N3=N_SB x R	115	158	243	0.96919397273379571	1.023630710356374	1.058981104998804	Alt2: two segments	207	293	463	1.0434824204735709	1.0696005740253527	1.0802678784979669	Alt1: N3 is a multiple of 2, 3, or 5	117	160	245	0.96700550107629757	0.98406840468787382	0.99331499641234144	Rank 1 overhead


Avg. UPT




20 MHz BW, N_SB=11, R=2

R15 TypeII, L={2,3,4}	152	204	299	1	1.0164620159222777	1.0309449916790356	Alt0: N3=N_SB x R	116	159	244	0.98389780956236228	1.0266270858633562	1.0554131246345522	Alt2: two segments	207	293	463	1.0490262222821931	1.0718751405568299	1.0767777627850492	Alt1: N3 is a multiple of 2, 3, or 5	117	160	245	0.98539783205145515	1.0077339990104799	1.0179305536814645	Rank 1 overhead


Avg. UPT
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