[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]3GPP TSG RAN WG1 meeting #97	 R1-1907709
Reno, USA, 13th – 17th May, 2019

[bookmark: Source]Agenda item:	7.2.8.5
Source: 	Samsung
Title: 	SLS evaluation on MU-MIMO CSI: FD basis subset indicator
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
The following agreement was made in RAN1#96bis [1].
	Agreement
On FD basis subset selection indicator, the design will be chosen from the following alternatives in RAN1#97 (Reno):
· 

Alt5.1: FD basis subset selection indicator is per layer where it is a -bit indicator or -bit indicator or size-N3 bitmap, (i=0, 1, …, (RI-1))
· Alt5.2: Two-step FD basis subset selection where 
· The 1st (intermediate) step uses an intermediate FD basis set of size-N3’ (N3’≤ N3) and N3’ is either reported in UCI part 1 or fixed in specification or higher-layer configured, and the intermediate set in UCI part 2
· 
Minitial indicated by  (or other values) bits indicates starting point of the intermediate FD basis set. The FD basis in this intermediate set is given by mod(Minitial+n,N3), n=0,1,..,N3’-1
· 
The 2nd step uses either N3’-bit bitmap or -bit indicator to indicate the FD basis used for each layer 
· Alt5.3: Two-step FD basis subset selection where 
· The 1st (intermediate) step uses an intermediate FD basis set of size-N3’ (N3’≤ N3) selected from multiple higher-layer configured intermediate sets and the value of N3’ is indicated in UCI part 1 
· 
The 2nd step uses -bit indicator to indicate the FD basis used for each layer 
· Alt5.4: FD basis subset is selected as mod(Mi_initial + n,N3), n=0,1,..,Mi–1
· The subset selection is done per layer
· 

Alt5.5: The intermediate FD basis subset of size is higher layer configured per rank, and  is not reported in UCI part 1.
· 
FFS: FD basis subset of size  per rank
· 


The UE reports -bit bitmap or or  bit indicator to indicate the FD basis used for each layer 
· Alt5.6: Two-step FD basis subset selection where
· The 1st (intermediate) step uses an intermediate FD basis set of size-N3’ (N3’≤ N3) and the value of N3’ is either fixed or higher-layer configured
· 
The FD basis in this intermediate set is reported either by N3-bit bitmap or  bit indicator
· 
The 2nd step uses either N3’-bit bitmap or -bit indicator to indicate the FD basis used for each layer
· Alt5.7: Two-step FD basis subset selection where
· The 1st (intermediate) step uses an intermediate FD basis set of size-N3’ (N3’≤ N3) and the value of N3’ is indicated in UCI part 1
· 
The FD basis in this intermediate set is the union of FD basis for all layers, and is reported bybit indicator
· 
The 2nd step uses either N3’-bit bitmap or -bit indicator to indicate the FD basis used for each layer
· Alt5.8: 
· For RI > 2, two-step FD basis subset selection
· 
The 1st (intermediate) step uses an intermediate set of size-N3’ (N3’=) 
· Intermediate set is the union of FD basis for all layers, and is reported by size-N3 bitmap
· The 2nd step uses size-N3’ bitmap to indicate the FD basis used for each layer
· For RI < 3, FD basis subset selection indicator is per layer where it is a size- N3 bitmap



This contribution provides simulation results for FD basis subset selection according to some of the alternatives (Alt5.1, 5.2, and 5.6) in support of proposals made in the companion contribution [2].
Simulation results for FD basis subset selection
[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.
The performance-overhead trade-offs of the three FD basis subset selection alternatives (Alt5.1, 5.2, and 5.6) are compared. The results are provided in Figure 1 through Figure 6 for the following parameters. 
· Spatial compression: L = 4
· Frequency compression: M = 7 (i.e., )
· 
·  () and  ()
We can observe the following.
[bookmark: _Ref525829877]Observation 1: For FD basis subset selection,
· When N3 is small (e.g. R=1), 
· there is no noticeable difference in overhead saving between Alt5.1, 5.2, and 5.6
· Alt5.2 suffers from up to 1% performance loss
· Alt5.6 shows some performance gain over Alt5.1 in Rel.15 Type II overhead regime
· When N3 is large (e.g. R=2), there is ~12-24 bits overhead saving and slight performance gain with Alt5.2

	


[bookmark: _Ref4749078]Figure 1: Performance-overhead trade-off for FD basis subset selection

Figure 2: Performance-overhead trade-off for FD basis subset selection

[bookmark: _Ref7683594]Figure 3: Performance-overhead trade-off for FD basis subset selection




Figure 4: Performance-overhead trade-off for FD basis subset selection

Figure 5: Performance-overhead trade-off for FD basis subset selection

[bookmark: _Ref7684524]Figure 6: Performance-overhead trade-off for FD basis subset selection


In next evaluation, we analyse the performance loss and gain of Alt5.2 for small and large  values, respectively. We focus on two  values, i.e.,  and . We first study the distributions (PMF) of FD indices  The distributions for  and  are shown in Figure 7 and Figure 8, respectively for four layers (layer 0 – 3). We can observe that the distribution of FD indices is concentrated towards the two ends (the first few and the last few components), and this concentration is profound for  than for . Let  be the window-size to capture the more frequent FD indices in the two ends. Then, the probability of the FD components outside the window, that correspond to  FD indices in the middle, is approximately 10% for  and is approximately 5% for .
Observation 2:
· The FD index distribution is concentrated towards the two ends (the first few and the last few FD components)
· The concentration of FD indices increases as  increases, i.e., the distribution is more concentrated for  than for 
· For window-size , the probability of  FD indices in the middle being selected by the UE is ~10% and ~5% for  and , respectively.
[image: ]
Figure 7: FD index distribution for N3=13 (R=1, N_SB=13)
[image: ]
Figure 8: FD index distribution for N3=26 (R=2, N_SB=13)

We then study the power ratio , where
·  is the (sum) power of the  FD components in the middle that are outside of the window, and
·  is the (sum) power of the  FD components inside of the window.
The CDF of the power ratio is shown in Figure 9. We can observe the following.
Observation 3: For window-size , the probability that the  FD components outside of the window has more power than the  FD components inside the window is ~15-20% and ~5-8% for , and , respectively.
[image: ]
[bookmark: _Ref8554008]Figure 9: CDF of power ratio for N3=13 and 26
Conclusions
In this contribution, simulation results are provided for three FD basis subset selection alternatives (Alt5.1, 5.2, and 5.6). The observations made are summarized as follows. 
· For FD basis subset selection,
· When N3 is small (e.g. R=1), 
· there is no noticeable difference in overhead saving between Alt5.1, 5.2, and 5.6
· Alt5.2 suffers from up to 1% performance loss
· Alt5.6 shows some performance gain over Alt5.1 in Rel.15 Type II overhead regime
· When N3 is large (e.g. R=2), there is ~12-24 bits overhead saving and slight performance gain with Alt5.2
· The FD index distribution is concentrated towards the two ends (the first few and the last few FD components)
· The concentration of FD indices increases as  increases, i.e., the distribution is more concentrated for  than for 
· For window-size , the probability of  FD indices in the middle being selected by the UE is ~10% and ~5% for  and , respectively.
· For window-size , the probability that the  FD components outside of the window has more power than the  FD components inside the window is ~15-20% and ~5-8% for , and , respectively.
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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 



N3'=9,R=1

R15:TypeII, R34:TypeI, L={2,4}	265	605	1	1.0257356155043096	Alt5.1	379	579	779	1.0641117541129779	1.0872248544504082	1.1031872300994807	Alt5.2	371	571	771	1.0640068535063028	1.087749357483784	1.0913509449796317	Alt5.6	377	577	777	1.0646012902774622	1.0911586272007272	1.0939210098431735	Worst case overhead


Avg. UPT




N3'=10,R=1

R15:TypeII, R34:TypeI, L={2,4}	265	605	1	1.0257356155043096	Alt5.1	379	579	779	1.0641117541129779	1.0872248544504082	1.1031872300994807	Alt5.2	375	575	775	1.068167910904418	1.0823294928055667	1.0930293546864345	Alt5.6	380	580	780	1.0652132104830672	1.0925747853908421	1.0937986258020524	Worst case overhead


Avg. UPT




N3'=11,R=1

R15:TypeII, R34:TypeI, L={2,4}	265	605	1	1.0257356155043096	Alt5.1	379	579	779	1.0641117541129779	1.0872248544504082	1.1031872300994807	Alt5.2	379	579	779	1.0641292375474238	1.0821371750266622	1.0917530639718867	Alt5.6	382	582	782	1.0696015525289786	1.0934139902442435	1.0991660401769323	Worst case overhead


Avg. UPT




N3'=9,R=2

R15:TypeII, R34:TypeI, L={2,4}	265	605	1	1.0257356155043096	Alt5.1	391	591	791	1.0597933458048499	1.085476511005822	1.0979072328968302	Alt5.2	368	568	768	1.0639893700718568	1.0883263108204975	1.0947252478276832	Alt5.6	385	585	785	1.0664020840253858	1.0835358497823313	1.0906516076017971	Worst case overhead


Avg. UPT




N3'=10,R=2

R15:TypeII, R34:TypeI, L={2,4}	265	605	1	1.0257356155043096	Alt5.1	391	591	791	1.0597933458048499	1.085476511005822	1.0979072328968302	Alt5.2	372	572	772	1.0597059286326205	1.0923999510463835	1.096036505411123	Alt5.6	390	590	790	1.0577827508435758	1.0873996887948667	1.0940084270154029	Worst case overhead


Avg. UPT




N3'=11,R=2

R15:TypeII, R34:TypeI, L={2,4}	265	605	1	1.0257356155043096	Alt5.1	391	591	791	1.0597933458048499	1.085476511005822	1.0979072328968302	Alt5.2	376	576	776	1.061541689249436	1.0856688287847265	1.0893578334528033	Alt5.6	394	594	794	1.0578352011469132	1.0875395562704337	1.0958267041977725	Worst case overhead


Avg. UPT
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