[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 meeting #97	 R1-1906973
Reno, USA, 13th – 17th May, 2019

[bookmark: Source]Agenda item:	7.2.8.5
Source: 	Samsung
Title: 	SLS evaluation on MU-MIMO CSI: Rank 3-4 parameter setting and subset selection
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
The following agreement was made in RAN1#96bis [1].
	Agreement
 On RI=3-4 extension:
· (L,p) setting: In RAN1#97 (Reno), down select and decide from the following alternatives: 
· Alt2B, Alt3C, Alt6E (see Table 9 from R1-1905629)
Agreement
On RI=3-4 extension, with the agreed total max # NZ coefficients across all layers ≤ 2K0 where the K0 value (hence β) set for RI{1,2}, the scheme for determining the # NZC per layer will be chosen from the following alternatives in RAN1#97 (Reno):
· 
Alt0. KNZ,i is unrestricted as long as 
· 
Alt1. KNZ,i≤K0 as long as 



This contribution provides simulation results for (a) parameter p setting and (b) NZ coefficient selection 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.
[bookmark: _Ref525829877]In first evaluation, the performance-overhead trade-offs of the following parameter p setting alternatives are compared.
· Alt2B:  for layers 0-1, and  for layers 2-3
· Alt3C:  for all layers
· Alt6E: unequal number of FD basis vectors
· , which corresponds to the total number of FD basis vectors 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 ).
The results are provided in Figure 1 (L=2) and Figure 2 (L=4) for the following parameters. 
· Spatial compression: L = 2, 4
· Frequency compression: M = 4, 7 (i.e., )
· .
We can observe the following.
Observation 1: For parameter p setting,
· Alt2B is worse than Alt3C/6E
· Alt3C is slightly better than Alt6E in Rel. 15 Type II overhead regime

	


[bookmark: _Ref7631834]Figure 1: Performance-overhead trade-off for parameter setting; L=2

[bookmark: _Ref7631835]Figure 2: Performance-overhead trade-off for parameter setting; L=4


In second evaluation, Alt3C with different values for  is evaluated. The purpose of this evaluation is to determine the set of values for  that achieves good performance-overhead trade-offs. The results are shown in Figure 3. The rest of the simulation assumptions are the same as in the first evaluation. We can observe the following. 
Observation 2: Alt3C with  can achieve good performance-overhead tradeoffs in all overhead regimes (low, medium, high).

[bookmark: _Ref7643480]Figure 3: Performance-overhead trade-off for different ) in Alt3C

In third evaluation, the performance-overhead trade-offs of the following coefficient selection alternatives are compared.
· 
Alt0: unrestricted NZ coefficient selection, i.e., KNZ,i is unrestricted as long as 
· 
Alt1: per layer restricted NZ coefficient selection, i.e., KNZ,i≤K0 as long as 
The results are provided in Figure 4 for the following parameters. 
· Spatial compression: L = 4
· Frequency compression: M = 4, 7 (i.e., )
· .
We can observe the following.
Observation 3: There is no clear gain with Alt0 (unrestricted), it can be worse than Alt1, and has additional UE complexity.


[bookmark: _Ref7633619]Figure 4: Performance-overhead trade-off for unrestricted and per layer restricted NZ coefficient selection

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 parameter p setting,
· Alt2B is worse than Alt3C/6E
· Alt3C is slightly better than Alt6E in Rel. 15 Type II overhead regime
· Alt3C with  can achieve good performance-overhead tradeoffs in all overhead regimes (low, medium, high).
· For NZ coefficient selection, 
· [bookmark: _GoBack]There is no clear gain with Alt0 (unrestricted), it can be worse than Alt1, and has additional UE complexity.
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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 



L=2

R15:TypeII, R34:TypeI, L={2,4}	265	605	1	1.0257356155043096	R15 extn, L={2,4}	521	1199	1.03841110547756	1.0953371680332884	M=4,Alt2B	155	215	257	0.99055894539923417	1.0147909855411996	1.0194066122349075	M=4,Alt3C	117	177	237	1.0026225151668793	1.0177806528314421	1.0189870098082068	M=4,Alt6E	117	177	237	0.99461510219067439	1.0119411857265241	1.0180429043481301	M=7,Alt2B	249	351	449	1.0073430424672623	1.0320121684703742	1.0412259384233438	M=7,Alt3C	221	309	425	1.0088990681329439	1.0341975977761071	1.0433938842946309	M=7,Alt6E	197	299	401	1.0125006556287917	1.0298092557301957	1.0323793205937373	Worst case overhead


Avg. UPT




L=4

R15:TypeII, R34:TypeI, L={2,4}	265	605	1	1.0257356155043096	R15 extn, L={2,4}	521	1199	1.03841110547756	1.0953371680332884	M=4,Alt2B	265	381	479	1.0324142874626292	1.056856128817945	1.0655803626064304	M=4,Alt3C	211	327	443	1.0460863331992936	1.0652132104830672	1.0664895011976152	M=4,Alt6E	211	327	443	1.0281658128922846	1.0678532090843926	1.0676958581743798	M=7,Alt2B	441	641	837	1.0556672552756263	1.0827316117978216	1.0929594209486511	M=7,Alt3C	375	575	775	1.0687623476755774	1.0842876374635033	1.0887808801160899	M=7,Alt6E	357	557	757	1.0625557284472962	1.0797244610731331	1.0994108082591745	Worst case overhead


Avg. UPT




R15:TypeII, R34:TypeI, L={2,4}	265	605	1	1.0257356155043096	L=2,(y0,v0)=(1/2,1/4)	221	309	425	1.0088990681329439	1.0341975977761071	1.0433938842946309	L=2,(y0,v0)=(1/4,1/4)	161	221	281	0.99886357676101889	1.0219591936640033	1.0326066052415335	L=2,(y0,v0)=(1/4,1/8)	117	177	237	1.0026225151668793	1.0177806528314421	1.0189870098082068	L=4,(y0,v0)=(1/2,1/4)	375	575	775	1.0687623476755774	1.0842876374635033	1.0887808801160899	L=4,(y0,v0)=(1/4,1/4)	287	403	519	1.0390055422487192	1.0655453957375387	1.0847422067590957	L=4,(y0,v0)=(1/4,1/8)	211	327	443	1.0460863331992936	1.0652132104830672	1.0664895011976152	Worst case overhead


Avg. UPT




L=4

R15:TypeII, R34:TypeI, L={2,4}	265	605	1	1.0257356155043096	M=4,Alt0: unrestricted NZ coef	215	331	447	1.0449499099603126	1.0646187737119079	1.064216654719653	M=4,Alt1: per layer restriction	211	327	443	1.0460863331992936	1.0652132104830672	1.0664895011976152	M=7,Alt0: unrestricted NZ coef	379	579	779	1.0641117541129779	1.0872248544504082	1.1031872300994807	M=7,Alt1: per layer restriction	375	575	775	1.0687623476755774	1.0842876374635033	1.0887808801160899	Worst case overhead


Avg. UPT
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