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1 Introduction

In the previous #80 meeting [1], RAN1 agreed on 4 categories of baseline schemes for standard-transparent EBF/FD-MIMO. In this contribution, we employ as a baseline “category 2” (virtual sectorization using one or more beamformed CSI-RS resources) and utilize as a CSI feedback enhancement the new type of MU-CSI feedback proposed in [2] — MUI (Multi-user/UE interference Indicator) feedback. We provide initial evaluation results to investigate the impact of MUI feedback on the EBF/FD-MIMO performance. 
2 Preliminaries 
2.1 Review of MUI feedback 

The key idea of MUI is to assist the eNB to accurately estimate MU-CQI to avoid the foregoing difficulty in calculating MU-CQI at the UE side. The additional feedback that we introduce is the information of multi-user/UE interference. In this contribution, we review only the rank-1 CSI case. For more details, refer to [2].
We assume here the eNB has Q active antennas and all UEs are equipped with two receive antennas. The eNB co-schedules up to S layers for MU-MIMO. For rank-1 SU-MIMO, UE k maps the post or effective (i.e., taking its receiver algorithm into account) SNR, denoted by
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, into CQI (expressed as one of 4-bit MCS levels) as follows.
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where 
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 is the 2×M channel matrix, 
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 is the rank-1 PMI of UE k, 
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is the receive combiner that depends on 
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 is the noise plus inter-cell interference term. Let L denote the number of co-scheduled/companion PMIs (co-PMI for short) to be potentially co-scheduled with the own PMI of UE k. With respect to co-PMI l, we define MUI as the interference-to-noise ratio (INR) denoted by 
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 (hence also known as INR feedback) 
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Therefore, MUI is obtained in a similar way to the CQI calculation. 
With this MUI feedback, the eNB can reliably estimate MU-CQIs of a variety of possible UE/PMI combinations. For example, in case of co-scheduling 2 UEs, the eNB estimates 
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 from CQI and MUI, respectively, and then the MU-CQI of UE k under the assumption of pairing with PMI a can be estimated as follows
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where we assumed the equal power allocation between 2 UEs. In a similar way, the eNB can reliably estimate MU-CQI for the more general case where up to S UEs are co-scheduled. For example, for M = 8, L = 7, and S = 4, the eNB can estimate MU-CQIs of up to 
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 MU hypotheses for UE k, using 1 CQI and 7 MUIs reported from the UE. With arbitrary three INRs, the eNB can compute
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Compared with the MU-CQI scheme requiring 7 MU-CQIs per UE for co-scheduling 2 UEs, the MU-MIMO performance gain provided by the proposed MUI feedback would be significant. We call this property of MUI feedback flexible scheduling. Finally, MUI feedback can be implemented as a 2-bit power (or CQI) offset relative to the wb effective SNR (or wb CQI).
2.2 Codebook subset restriction for MU-MIMO
Assuming the large number of antenna ports with high UE density, which is the typical case of EBF/FD-MIMO, we need to consider a codebook subset restriction. By disabling some codewords, we can reduce the SU/MU-CSI feedback overhead and even improve the MU-MIMO performance with limited feedback. In the following, we provide a simple method for the codebook subset restriction. 
Following the notations and examples in [3], we present our codebook subset restriction for the rank-1 case of Rel-10 8-Tx codebook as follows:
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By imposing the above restriction, we can see that the resulting
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 consists of orthogonal precoding vectors (PMIs), and so the other
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does. 
3 Feedback Overhead 
The uplink feedback overhead for 10 MHz bandwidth downlink is captured in Table 2 for wideband (wb) MU-CSI feedback compared with PUSCH 3-1. For example, let N = 4 and L = 2N 
[image: image18.wmf]-

1 = 7, implying that we utilize only 7 predetermined co-PMIs according to the codebook subset restriction in Section 2 for MU-MIMO hypotheses. For MU-CSI schemes, we use wb PMI and wb CQI for SU-MIMO to enable SU/MU-MIMO dynamic switching. In this case, another wb PMI (for MU-MIMO) resulting from the subset restriction in Section 2.2 consumes log22N = 3 bits. We also assume that wb MU-CQI is reported as 2-bit offsets to wb CQI. In the following table, MUI and MU-CQI schemes uses a single set of SU-CSI feedback along with C (number of CSI-RS processes) times MU-CSIs, while the baseline consumes C sets of SU-CSI feedback.
Table 1: Feedback overhead comparison (T=9 subbands; N=4 TXRUs, L=7 co-PMIs, C=3 CSI-RS processes) 
	Feedback schemes
	RI
	PMI
	CQI
	MU-CQI 
	MUI
	Total

	PUSCH 3-1 (baseline)
	C
	C8  
	C(4+2T)
	—
	—
	93

	MUI
with 2-bit offset 
	1
	8+3
	4+4
	—
	2CL
	62

	1-bit MUI 
	1
	8+3
	4+4
	—
	CL
	41

	MU-CQI
with 2-bit offset (S = 2)
	1
	8+3
	4+4
	2CL
	—
	62

	MU-CQI
with 2-bit offset (S = 3)
	1
	8+3
	4+4
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From Table 1, we can see that the wb MUI schemes require a less CSI feedback overhead than PUSCH 3-1, assuming 3 CSI-RS processes. Bearing this overhead comparison in mind, we will compare the performance of wb MU-CSI schemes with that of SU-CSI (i.e., PUSCH 3-1) for 8 and 16 TXRUs in the following section. 
4 Preliminary Simulation Results

This section presents preliminary system-level simulation results. For ease of simulations, we used only full-buffer traffic model and PUSCH 3-1 mode for the baseline scheme based on SU-CSI. We used 2 bits quantization for both MU-CQI and MUI with differential encoding. The codebook subset restriction in Section 2 was used to improve MU-MIMO performance. Remaining simulation assumptions are given in Appendix. In the following tables, #1, #2, and #3 mean 1, 2, and 3 CSI-RS processes, respectively.
Table 2: Evaluation results for 8(M)×4(N)×2 antenna configuration in 3D-UMi

	Feedback schemes
	Cell average throughput (bps/Hz)
	Median UE throughput (bps/Hz)
	5% UE 
throughput (bps/Hz)

	PUSCH 3-1 SU-MIMO (baseline)
	#1
	2.286 (0%)
	0.120 (0%)
	0.042 (0%)

	
	#2
	2.363 (0%)
	0.131 (0%)
	0.042 (0%)

	
	#3
	2.421 (0%)
	0.129 (0%)
	0.029 (0%)

	wb 2-bit MUI 
	#1
	2.660 (16%)
	0.148 (24%)
	0.047 (11%)

	
	#2
	3.105 (31%)
	0.174 (34%)
	0.056 (31%)

	
	#3
	3.402 (41%)
	0.195 (52%)
	0.033 (11%)

	wb MU-CQI 

(S = 2)
	#1
	2.460 (8%)
	0.136 (14%)
	0.045 (7%)

	
	#2
	2.867 (21%)
	0.158 (22%)
	0.052 (23%)

	
	#3
	2.833 (17%)
	0.172 (34%)
	0.036 (22%)


Table 2 shows the evaluation results of MUI and MU-CQI schemes for 8×4×2(X-pol) antenna configuration with 1/2/3 CSI-RS processes, compared to SU-MIMO. We can see that the proposed MUI feedback provides additional 10~24% gain, compared to MU-CQI feedback. This is because MUI allows up to 8 layers to be co-scheduled so that high-order MU-MIMO gain is obtained thanks to the increased spatial separation using 3D BF. In contrast, MU-CQI can provide accurate link adaptation up to 2 layers. Even if we show here only SU-MIMO with PUSCH 3-1, notice that the wb MU-CQI feedback scheme is expected to outperform SU/MU-MIMO with SU-CSI only due to MCS mismatch. 
Table 3: Evaluation results for 8(M)×4(N)×2 antenna configuration in 3D-UMa

	Feedback schemes
	Cell average throughput (bps/Hz)
	Median UE throughput (bps/Hz)
	5% UE 
throughput (bps/Hz)

	PUSCH 3-1 SU-MIMO (baseline)
	#1
	2.027 (0%)
	0.110 (0%)
	0.041 (0%)

	
	#2
	1.953 (0%)
	0.103 (0%)
	0.018 (0%)

	
	#3
	1.901 (0%)
	0.103 (0%)
	0.028 (0%)

	wb MUI 
	#1
	2.474 (22%)
	0.146 (33%)
	0.054 (33%)

	
	#2
	2.531 (30%)
	0.150 (45%)
	0.023 (27%)

	
	#3
	2.754 (45%)
	0.161 (56%)
	0.041 (44%)

	wb MU-CQI 

(S = 2)
	#1
	2.316 (14%)
	0.130 (18%)
	0.054 (33%)

	
	#2
	2.350 (20%)
	0.129 (25%)
	0.019 (7%)

	
	#3
	2.422 (27%)
	0.139 (34%)
	0.036 (28%)


Table 3 shows that the MUI feedback provides similar gain for UMa scenario as well. 
Table 4: Evaluation results for 4(M)×8(N)×2 antenna configuration in 3D-UMi

	Feedback schemes
	Cell average throughput (bps/Hz)
	Median UE throughput (bps/Hz)
	5% UE 
throughput (bps/Hz)

	PUSCH 3-1 SU-MIMO (baseline)
	#1
	2.623 (0%)
	0.147 (0%)
	0.051 (0%)

	
	#2
	2.564 (0%)
	0.135 (0%)
	0.049 (0%)

	
	#3
	2.555 (0%)
	0.140 (0%)
	0.045 (0%)

	wb MUI 
	#1
	3.434 (31%)
	0.208 (41%)
	0.072 (41%)

	
	#2
	4.083 (59%)
	0.235 (73%)
	0.074 (53%)

	
	#3
	3.898 (53%)
	0.231 (65%)
	0.066 (47%)

	wb MU-CQI 

(S = 2)
	#1
	2.964 (13%)
	0.172 (17%)
	0.061 (20%)

	
	#2
	3.115 (21%)
	0.185 (37%)
	0.064 (32%)

	
	#3
	2.964 (16%)
	0.178 (27%)
	0.061 (38%)


Table 5: Evaluation results for 4(M)×8(N)×2 antenna configuration in 3D-UMa

	Feedback schemes
	Cell average throughput (bps/Hz)
	Median UE throughput (bps/Hz)
	5% UE 
throughput (bps/Hz)

	PUSCH 3-1 SU-MIMO (baseline)
	#1
	2.184 (0%)
	0.122 (0%)
	0.050 (0%)

	
	#2
	2.051 (0%)
	0.113 (0%)
	0.035 (0%)

	
	#3
	2.001 (0%)
	0.110 (0%)
	0.030 (0%)

	wb MUI 
	#1
	2.969 (36%)
	0.172 (42%)
	0.066 (33%)

	
	#2
	2.803 (37%)
	0.167 (48%)
	0.036 (5%)

	
	#3
	2.944 (47%)
	0.170 (54%)
	0.038 (26%)

	wb MU-CQI 

(S = 2)
	#1
	2.606 (19%)
	0.152 (25%)
	0.059 (19%)

	
	#2
	2.438 (19%)
	0.139 (23%)
	0.042 (20%)

	
	#3
	2.480 (24%)
	0.142 (28%)
	0.039 (30%)


From Tables 4 and 5, we observe that the MUI feedback can provide larger additional gain (20~36%) over the MU-CQI feedback in the wide array case.
5 Conclusion
Observations : 

· Assuming beamformed CSI-RS based FD-MIMO, the wideband MUI feedback scheme achieves a significant performance gain compared to the wideband MU-CQI feedback as well as SU-MIMO with PUSCH 3-1.
Based on our initial evaluation results and observations, we present the following proposals: 

Proposals: 

· Consider MU-CSI feedback as an enhancement to realize high-order MU-MIMO gain. 
· More than 4 columns still deserve more attention in 3D beamforming. 
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A
Appendix

Table A: Evaluation assumptions.

	Parameter
	Value

	Scenarios
	3D-UMa (ISD 200m), 3D-UMi

	Frequency
	2GHz

	Bandwidth
	10MHz (50RBs)

	eNB Antenna configurations
	1) (M,N,P, Q)=(8,4,2,8/16/24)
2) (M,N,P, Q)=(4,8,2,16/32/48)
Cross-polarization: +/-45 degrees

	UE configurations
	Speed:  3km/h

	
	2 Rx with X-polarized: 0/+90 degrees

	Scheduler
	PF 

	Down-tilt
	1) 1 CSI-RS process:  102 
2) 2 CSI-RS processes: 80, 105 
3) 3 CSI-RS processes: 75, 105, 115

	Traffic load
	Full Buffer

	Number of UEs per cell
	15  

	Transmit Mode
	Dynamic SU/MU: rank-adaption

	Receiver
	Non-Ideal DMRS channel estimation and interference estimation, detailed guidelines according to Rel. 12 [71-12] assumptions 

	
	MMSE-IRC receiver aligned with phase 1, detailed guidelines according to Rel. 12 [71-12] assumptions

	Hybrid ARQ
	Maximum 4 transmissions

	CSI Feedback 
	SU-MIMO: PUSCH 3-1 

MU-MIMO: wideband PMI/CQI/MUI/MU-CQI

Periodicity: 5 ms 

	DM-RS enhancement
	Transparent DM-RS enhancement [4]

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB 

	UE attachment
	Based on RSRP from CRS port 0 aligned with Phase-1

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB
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