	
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]3GPP TSG RAN WG1 meeting #96bis	R1-1905611
Xi’an, China, 8th – 12th April, 2019

[bookmark: Source]Agenda item:	7.2.8.6
Source: 	Samsung
Title: 	SLS evaluation on MU-MIMO CSI: support for L=6 
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
The following agreement was in RAN1#96 [1]. 
	Agreement
Decide in RAN1#96bis whether to support L=6 (in addition to L=2 and 4) taking into account RI{3,4} and/or 32 ports
· Also consider possible restriction(s) on the use case for supporting the additional value(s) of L 



This contribution provides simulation results for L= 6.
Simulation results for L=6
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 and 32 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. The results are provided in Figure 1 and Figure 2 for rank 1 only, and in Figure 3 and Figure 4 for rank 1-2 (with rank adaptation) for the following parameters. 
· Spatial compression: L = 4, 6
· Frequency compression: M = 7 (i.e., )
As reference, Rel. 15 Type II with L = 2, WB+SB amplitude, and 8-PSK phase is considered. We can observe the following.
Observation: For L=6,
· There is no gain in low overhead regime
· There is marginal gain (<1% for rank 1 and ~1% for rank 1-2 (with rank adaptation) within the overhead regime of Rel.15 Type II 
· In the overhead regime higher than Rel.15 Type II, somewhat higher gain in UPT can be observed but the resulting overhead range is very high

[bookmark: _Ref525766551]Figure 1: Performance-overhead trade-off for 16 antenna ports

[bookmark: _Ref4593265]Figure 2: Performance-overhead trade-off for 32 antenna ports

[bookmark: _Ref5292714]Figure 3: Performance-overhead trade-off for 16 antenna ports; dynamic rank 1-2


[bookmark: _Ref5292715]Figure 4: Performance-overhead trade-off for 32 antenna ports; dynamic rank 1-2

[bookmark: _Ref446598642]Conclusions
In this contribution, simulation results are provided for L=6. The observations made are summarized as follows. 
Observation: For L=6,
· There is no gain in low overhead regime
· There is marginal gain (<1% for rank 1 and ~1% for rank 1-2 (with rank adaptation) within the overhead regime of Rel.15 Type II 
· In the overhead regime higher than Rel.15 Type II, somewhat higher gain in UPT can be observed but the resulting overhead range is very high
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Appendix
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	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
32 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,8,2,1,1,2,8), (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 



16 ports, dynamic rank 1-2

R15 TypeII, L={2,3,4}	343	462	683	1	1.0483176698471914	1.0906808235884926	L=4	345	543	741	1.0597962551115576	1.1118444651696677	1.1340842241193774	L=6	499	795	1089	1.1018724442212497	1.1588707941746181	1.1593729822799339	Rank 2 overhead


Avg. UPT




32 ports, dynamic rank 1-2

R15 TypeII, L={2,3,4}	345	466	687	1	1.0500444011572947	1.0938439943854021	L=4	349	547	745	1.0553725400326563	1.1007190122890944	1.1202841674066859	L=6	507	803	1097	1.0971955656134522	1.1502764330115445	1.1532556074364777	Rank 2 overhead


Avg. UPT




16 ports, rank 1

R15 TypeII, L={2,3,4}	176	236	347	1	1.0156399616980532	1.0338333865304821	L=4, beta={1/4,1/2,3/4}	179	278	377	1.03830194701564	1.0619214810086179	1.0660708586019789	L=6, beta={1/4,1/2,3/4}	255	403	550	1.0537291201191616	1.0749725148065397	1.0778096960669574	Rank 1 overhead


Avg. UPT




32 ports, rank 1

R15 TypeII, L={2,3,4}	178	240	351	1	1.0106276569142285	1.0252875718929733	L=4, beta={1/4,1/2,3/4}	183	282	381	1.0328207051762941	1.0459802450612654	1.0488247061765441	L=6, beta={1/4,1/2,3/4}	263	411	558	1.0456051512878219	1.0576394098524631	1.0613278319579895	Rank 1 overhead


Avg. UPT




