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Introduction
The following agreement was made in RAN1#96bis [1].
	Agreement

For RI=1, strongest coefficient indicator (SCI) is a -bit indicator. For RI>1, SCI design will be chosen from the following alternatives in RAN1#97 (Reno):  
· 
Alt3.1 (applicable to Alt1.2): Per-layer SCI, where SCIi is a –bit indicator (i=0, 1, …, (RI-1))
· 
Alt3.2 (applicable to Alt1.1): Per-layer SCI, where SCIi is a –bit indicator
· 

Alt3.3: Per-layer SCI, where SCIi is a –bit or  indicator (i=0, 1, …, (RI-1))
· 
Alt3.4: Per-layer SCI, where SCIi is a –bit (i=0, 1, …, (RI-1))



This contribution provides simulation results and analysis to compare Alt3.3 and 3.4 in support of proposals made in the companion contribution [2].
Overhead analysis for Alt3.3 and Alt3.4
[bookmark: _Ref525829877][bookmark: _Ref446598642]First, to compare Alt3.3 and 3.4, we perform the following analysis of the absolute overhead saving (Alt 3.3 – Alt 3.4), and the normalized saving (overhead saving normalized by the total payload) for the following parameters: L=4, , , and . The overhead saving plots are shown in Figure 1. We can observe the following:
· For small number of SBs (e.g. 3, 7), there could be loss with Alt3.4
· For large number of SBs (e.g. 13,19), there is some saving (within 0-2% of the total payload)
· The maximum absolute saving is as follows.
· For , the saving is 4, 6, and 8 bits for rank 2, 3, 4, respectively.
· For , the saving is 6, 9, and 12 bits for rank 2, 3, 4, respectively.

Observation 1:
· Alt3.4 can be worse in overhead than Alt3.3 if  is small
· The overhead saving with Alt3.4 is small (0-2% of the total payload) only if  is large
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[bookmark: _Ref7706570]Figure 1: overhead analysis (Alt3.3 – Alt3.4)
	


Simulation results for strongest coefficient indicator
Next, we provide simulation results comparing Alt3.3 and 3.4. For performance evaluation, the non-full-buffer system-level evaluation is carried out for Dense Urban (Macro only) channel model. 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, for dynamic rank 1-2, Rel. 15 Type II, and for dynamic rank 1-4, Rel. 15 Type II for rank 1-2 and Rel. 15 Type I for rank 3-4 are considered in this evaluation.
The performance-overhead trade-offs of Alt3.3 and Alt3.4 are compared. The results are provided in Figure 2 (for dynamic rank 1-2), and in Figure 3 (for dynamic rank 1-4) for the following parameters. 
· Spatial compression: L = 4
· Frequency compression: M = 7 (i.e., )
· [bookmark: _GoBack]Rank 3-4: Alt3C with 
· 
We can observe the following.
Observation 2: There is no noticeable difference in performance-overhead tradeoffs achieved by Alt3.3 and Alt3.4 

[bookmark: _Ref8386853]Figure 2: MU, dynamic rank 1-2

[bookmark: _Ref8386854]Figure 3: SU, dynamic rank 1-4

Spec impact
Finally, it is evident that there is additional spec impact (e.g. in terms of UCI encoding/multiplexing rule) with Alt3.4 due to necessary phase rotation or modulo operation in order to rotate the FD basis vectors and coefficients such that the strongest coefficient lies in the first FD component. Without such spec support, the performance of Alt3.4 will be much worse than Alt3.3.
Observation 3: Alt3.4 has additional spec impact such as UCI encoding/multiplexing rules.

Conclusions
In this contribution, simulation results are provided for Alt3.3 and Alt3.4 for the strongest coefficient indicator. The observations made are summarized as follows. 
Observation 1:
· Alt3.4 can be worse in overhead than Alt3.3 if  is small
· The overhead saving with Alt3.4 is small (0-2% of the total payload) only if  is large
Observation 2: There is no noticeable difference in performance-overhead tradeoffs achieved by Alt3.3 and Alt3.4 
Observation 3: Alt3.4 has additional spec impact such as UCI encoding/multiplexing rules.
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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
	2RX: (M, N, P, Mg, Ng, Mp, Np) = (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for MU
4RX: (M, N, P, Mg, Ng, Mp, Np) = (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for SU

	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
	MU for dynamic rank 1-2, and SU for dynamic rank 1-4

	MIMO layers
	Up to 4 layers for MU

	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% RU for MU, 20% for SU

	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	1.0483176698471914	1.0906808235884926	Alt3.3	345	543	741	1.0597962551115576	1.1118444651696677	1.1340842241193774	Alt3.4	343	539	735	1.0597962551115576	1.1118444651696677	1.1340842241193774	Rank 2 overhead


Avg. UPT




R15:TypeII, R34:TypeI, L={2,4}	265	605	1	1.0257356155043096	Alt3.3	375	575	775	1.0687623476755774	1.0842876374635033	1.0887808801160899	Alt3.4	371	567	763	1.0687623476755774	1.0842876374635033	1.0887808801160899	Worst case overhead


Avg. UPT
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