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Introduction
The following agreement was made during the email discussion [96-NR-08] [1].
	Agreement 1: On the L/p parameter setting for RI=3-4, consider/compare only the alternatives given in sections 2.1 to 2.6 (Alt1; 2A, 2B; 3A, 3B, 3C; 4A, 4B, 4C, 4D, 4E, 4F; 5A, 5B, 5C; 6A, 6B, 6C, 6D, 6E, 6F, 6G, 6H) – see [1] for details  
· No other alternative will be considered

Agreement 2: On selecting the scheme for the L/p parameter setting for RI=3-4, the following aspects need to be considered, and decided together or after the scheme selection:
· SD and/or FD basis subset selection for RI=3 and 4: layer-common vs. layer/layer-group-specific
· Fixed/pre-defined vs. configurable setting, whenever applicable
Restriction on parameter setting and/or value range for L and/or p to control overhead



This contribution provides simulation results for (a) SD basis subset selection and (b) parameter setting in support of proposals made in the companion contribution [2].
Simulation results for rank 3-4
[bookmark: _Ref446598642]For performance evaluation, the non-full-buffer system-level evaluation is carried out for Dense Urban (Macro only) channel model in low (20% target RU) traffic loading scenario, and SU-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 scheme, Rel. 15 Type II for rank 1-2 and Rel. 15 Type I for rank 3-4 is considered in this evaluation. For comparison, simple extension of Rel. 15 Type II codebook up to rank 4 is also considered.
In first evaluation, the performance-overhead trade-offs of the following SD basis subset selection alternatives are compared.
· Layer-common: the  SD beams  are common for layers; 
· Layer-pair-specific: the first set of  SD beams  are common for layers (0, 1), and a second set of  SD beams  are common for layers (2, 3).
Regarding FD basis subset, the rank 2 design is simply extended, i.e., FD basis subset selection is layer-specific. The results are provided in Figure 1 for the following parameters. 
· Spatial compression: L = 2, 4
· Frequency compression: M = 7 (i.e., )
· Parameter setting: Alt6D (as explained later)
· .
We can observe the following.
Observation 1: For SD basis subset selection,
· [bookmark: _Ref525829877]Up to 2% gain can be achieved with layer-pair-specific SD basis when compared with layer-common SD basis
· There is no gain (even some loss) with  over  when 

No gain
1%

[bookmark: _Ref4749078]Figure 1: Performance-overhead trade-off for layer-common and layer-pair-specific SD basis

In second evaluation, the performance-overhead trade-offs of the following parameter setting alternatives are compared.
· Alt1: parameters  and  are layer-common (hence same as RI=1-2), and the  value for RI=3-4 is layer-common and equals .
· Alt6D (as explained in [2]): unequal number of SD basis vectors
· , which is the total number of SD basis subsets for RI=2
· , i.e., for each layer, the number of SD basis vectors is at most equal to that for RI=2  
·  is non-increasing ( for ).
·  and  are layer-common, and equal to the configured values (same as RI=1-2).
· Alt6E (as explained in [2]): unequal number of FD basis vectors
· , which is the total number of FD basis subsets for RI=2
· , i.e., for each layer, the number of FD basis vectors is at most equal to that for RI=2
·  is non-increasing ( for ).
·  and  are layer-common, and equal to the configured values (same as RI=1-2).
The results are provided in Figure 1 for the following parameters. 
· Spatial compression: L = 4
· Frequency compression: M = 7 (i.e., )
· Layer-pair-specific SD basis subset and layer-specific FD basis subset
· .
We can observe the following.
Observation 2: For parameter setting,
· Alt1 is the worst; this is due to large overhead to report bitmap 
· Up to 2.5% gain can be achieved with Alt6D when compared with Alt6E
· There is no or marginal gain with  but the overhead is large

Large overhead, no or tiny gain
2.5%

Figure 2: Performance-overhead trade-off for parameter setting (Alt1, Alt6D, and Alt6E)


Conclusions
In this contribution, simulation results are provided for the rank 3-4 extension of DFT-compression based Type II CSI codebook. The observations made are summarized as follows. 
· For SD basis subset selection,
· Up to 2% gain can be achieved with layer-pair-specific SD basis when compared with layer-common SD basis
· There is no gain (even some loss) with  over  when 
· For parameter setting,
· Alt1 is the worst; this is due to large overhead to report bitmap 
· Up to 2.5% gain can be achieved with Alt6D when compared with Alt6E
· There is no or marginal gain with  but the overhead is large
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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 with 13 SBs, 10 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
	4RX: (M, N, P, Mg, Ng, Mp, Np) = (1,2,2,1,1,1,2), (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

	MIMO layers
	Up to 4 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)
	20%

	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, R34:TypeI, L={2,4}	265	605	1	1.0257356155043096	R15 extn, L={2,4}	521	1199	1.03841110547756	1.0953371680332884	(L,M)=(2,7): layer-com SD basis	209	311	413	1.0239348217563857	1.040316799832159	1.0512963966641606	(L,M)=(2,7): layer-pair-spec SD basis	214	316	418	1.0426071297445669	1.0634823504729269	1.0680630102977429	(L,M)=(4,7): layer-com SD basis	369	569	769	1.0911935940696189	1.0963686906655943	1.0939559767120652	(L,M)=(4,7): layer-pair-spec SD basis	376	576	776	1.1000926622025631	1.1065265660786405	1.1055300103152261	Worst case overhead


Avg. UPT




R15:TypeII, R34:TypeI, L={2,4}	265	605	1	1.0257356155043096	R15 extn, L={2,4}	521	1199	1.03841110547756	1.0953371680332884	Alt1	494	694	894	1.0817875063377449	1.0973302795601168	1.110512789132297	Alt6D	376	576	776	1.1000926622025631	1.1065265660786405	1.1055300103152261	Alt6E	376	576	776	1.0762802244872982	1.1053202091018759	1.1086770285154814	Worst case overhead


Avg. UPT




