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Introduction
The following agreement was made in RAN1#94bis [1].
	Agreement 
On the issue of Type II overhead reduction (rank 1, 2), to further progress, interested companies are to submit evaluation results (especially performance-overhead tradeoff) in RAN1#95 once the evaluation methodology is finalized in RAN1#94B.
· Focus on proposals based on linear combination codebook as in Rel-15
· Also investigate potential common ground between frequency domain and time domain approaches, e.g. merging these two into one category


This contribution provides simulation results for the Type II CSI overhead reduction scheme proposed in the companion contribution [2]. 
Simulation results for Type II CSI overhead reduction
For performance evaluation of the proposed Type II overhead reduction scheme in [2], 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 agreement made in RAN1#94bis [1], and are enlisted in Table 1 in Appendix.  
Evaluation 1: L vs. M
We first provide simulation results for different L (number of beams for spatial domain compression) and M values (number of beams for frequency domain compression) in order to determine a set of L and M values which achieves a reasonable performance-overhead tradeoff. The results are provided in Figure 1 for the following parameters. 
· Spatial compression: L = {2, 3, 4, 6}
· Frequency compression: M = {2, 4, 6, 8}
· Coefficient quantization: (Amp, phase) = (3,3) 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 1:
· Large overhead reduction is achieved with the proposed frequency domain compression scheme – 38% overhead reduction with L=M=4 when compared with Rel. 15 Type II with L=4.
· M=4-6 achieves good performance-overhead tradeoff.
· L=6 does not show any significant gain at small M values. 
.
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[bookmark: _Ref525766551]Figure 1: Performance-overhead trade-off for different L and M values

[bookmark: _Ref446598642]Evaluation 2: Common vs independent basis and per SB vs per RB precoder
We next provide evaluation results for the following variations of the proposed scheme.
· M frequency domain (FD) basis vectors for each spatial domain beams : 
· Common: M basis vectors are selected common for all spatial domain beams. 
· Independent: M basis vectors are selected independently for each spatial domain beam
· Frequency granularity of precoder:
· Per SB: similar to Rel. 15 Type II, the precoder is reported in a SB manner, i.e., a precoder is reported common for all RBs in a SB.
· Per RB: as proposed in [3], precoder is reported for each RB, i.e., if SB size is four, then a precoder is reported for each of the four RBs in a SB. Note that the CQI reporting is assumed to be per SB. 
· Spatial compression: L = 4
· Frequency compression: M = {2, 4, 6, 8}
· Coefficient quantization: (Amp, phase) = (3,3) bits
The results are provided in Figure 2. We can observe the following.
Observation 2:
· For a given (L, M) value, the independent basis shows performance gain over common basis but the overhead is also higher, which implies that independent basis has no noticeable benefit over common basis in terms of performance-overhead tradeoff.
· For rank 1, per RB precoder does not show any gain over per SB precoder. For dynamic rank 1-2, per RB precoder shows small gain (~2%) over per RB precoder in high overhead regime.
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[bookmark: _Ref528877178]Figure 2: Performance-overhead tradeoff for common vs independent basis, and per SB vs. per RB precoder

Evaluation 3: Subset of coefficient reporting
We next provide evaluation results to study whether the UE needs to report all of 2LM coefficients or a subset is sufficient. The main motivation behind reporting a subset of coefficients is the fact that the number of strong spatial domain beams is likely to vary across SBs or vice versa, i.e., the number of strong frequency domain beams is likely to vary across ports. This implies that a subset of 2LM coefficients can be set to zero without any significant loss in performance. To verify this, the following evaluation is conducted.
· L = 4, M = 8
· A subset comprising K (out of 2LM = 64) coefficients is reported. The remaining 2LM – K coefficients are set to zero value. 
· Frequency granularity of precoder: per SB, per RB
· Common frequency domain basis
· Coefficient quantization: (Amp, phase) = (3,3), (3,4) bits
The results are provided in Figure 3. For comparison, the results for independent FD basis vectors and per RB precoder (from Figure 2) is also shown. We can observe the following.
Observation 3:
· It is sufficient to report a subset of K (out of 2LM) coefficients without losing performance.
· A subset of K=28 (out of 2LM = 64) coefficient reporting achieves 10% more compression when compared with independent FD basis, and achieves similar performance.
· 4 bit phase achieves ~2% additional gain over 3 bit phase. 
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[bookmark: _Ref525821373][bookmark: _GoBack]Figure 3: Performance-overhead tradeoff for a subset of K < 2LM coefficients reporting 

Conclusions
In this contribution, simulation results are provided for the Type II overhead reduction scheme proposed in [2]. The observations made are summarized as follows. 
Observation 1:
· Large overhead reduction is achieved with the proposed frequency domain compression scheme – 38% overhead reduction with L=M=4 when compared with Rel. 15 Type II with L=4.
· M=4-6 achieves good performance-overhead tradeoff.
· L=6 does not show any significant gain at small M values. 
Observation 2:
· For a given (L, M) value, the independent basis shows performance gain over common basis but the overhead is also higher, which implies that independent basis has no noticeable benefit over common basis in terms of performance-overhead tradeoff.
· For rank 1, per RB precoder does not show any gain over per SB precoder. For dynamic rank 1-2, per RB precoder shows small gain (~2%) over per RB precoder in high overhead regime.
Observation 3:
· It is sufficient to report a subset of K (out of 2LM) coefficients without losing performance.
· A subset of K=28 (out of 2LM = 64) coefficient reporting achieves 10% more compression when compared with independent FD basis, and achieves similar performance.
· 4 bit phase achieves ~2% additional gain over 3 bit phase.  
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Appendix
[bookmark: _Ref525812457]Table 1: Simulation assumptions
	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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