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1 Introduction
MU-MIMO operation is considered by many network operators as important to further enhance system capacity. As agreed in the last RAN1 meeting, it is therefore worth studying further potential enhancement for MU-MIMO, which includes UE CSI feedback enhancement [1]. As per the RAN1#66 agreement, scenarios A and C are studied with a higher priority compared to scenario B in the DL MIMO SI, with the following motivations

· Single point transmission should be the focus of the DL MIMO SI 

· Coordination aspects have a lower priority in the DL MIMO SI

The feedback solution optimized for single point transmission (Scenarios A/C) can be further optimized for multi-point transmission (Scenario B) if it does not reduce the performance for single point transmission. 
In this contribution, we will show the system level simulation results of single point transmission in scenarios A, C1 and C2 for full buffer evaluation. The main focus of the discussion will be on the performance improvement provided by combination of double codebook and multi-component feedback, which are discussed in the companion contribution [2].
2 Performance Evaluation

A typical feedback report consists in RI/PMI/CQI assuming SU-MIMO transmission. This is the baseline report and can be denoted as the Rel-10 SU-MIMO report. For the enhanced CQI/PMI feedback for MU-MIMO, we propose two ways to enhance the dynamic switching, one is double codebook structure and another is multi-component feedback. In multi-component feedback, we can apply rank restricted SU-MIMO feedback and best-companion PMI/CQI. In rank restricted SU-MIMO feedback, the UE is constrained to report SU-MIMO feedback information but with a constrained on the maximum reported rank. In this way, the network will be able to obtain higher resolution feedback of the principal channel direction. For example, the low rank SU-MIMO PMI/CQI/RI feedback could be used to generate precoding information and MU-CQI predication at the network side for potential MU-MIMO operation. Best-companion PMI/CQI feedback can be used to provide enhanced feedback support for MU-MIMO. Essentially, the best-companion PMI tells eNB about the null-space of the particular UE and this information could be helpful in generating MU-MIMO precoding at the eNB. For a given number of interfering layers, the best companion CQI accounts for the inter-user interference assuming that the best companion PMI are used as the precoder for the interfering layers/users. In the proposal, the best companion PMI is orthogonal to the reported PMI (the classical SU-MIMO PMI), the CQI can be computed assuming that users are assigned on orthogonal precoders. In such scenario, the best companion PMI may not be reported but only the best companion CQI is reported. Hence on top of the classical SU-MIMO RI/PMI/CQI, an additional best companion CQI computed assuming orthogonal precoders are reported. 
In this section, we investigate the performance enhancement on dynamic SU/MU-MIMO switching when multi-component feedback and double codebook based precoding are used. We evaluated two cases, one case is when rank restricted SU-MIMO feedback is reported, and the other is when rank restricted best-companion CQI is reported. We assume in these evaluations that the number of co-scheduled layers assumed at the time of best-companion CQI computation is equal to the number of transmit antennas, i.e. 4.
The obtained results are consequently compared with SU/MU-MIMO dynamic switching with Rel-10 SU-MIMO report. Simulation assumptions are detailed in the Appendix. Performance evaluation results for dynamic SU/MU-MIMO switching in correlated channels with Rel. 10 4bit codebook vs. double codebook and multi-component feedback are provided. Based on the feedback information, dynamic SU/MU-MIMO switching can be enabled using the scheduling scheme described in [9]. The maximum layer of co-scheduled UEs is limited to 4 in dual-polarized antenna. Note that the results for scenarios C1 and C2 provided in the tables below are only for low power transmission points.
Table 1. Scenario A, 4x2 closely spaced dual-polarized (XX-X channels, 0.5λ antenna spacing).
	SU/MU-MIMO dynamic switching
	Cell Avg 
	50%ile of the user throughput CDF
	5%ile of the user throughput CDF

	Rel-10 SU-MIMO report
	2.114
	0.179
	0.058

	Enhanced CQI/PMI (Double CB with rank restricted feedback) 
	2.269 (7.35%)
	0.193 (8.27%)
	0.634 (8.38%)

	Enhanced CQI/PMI (Double CB with rank restricted best companion CQI)
	2.620 (23.94%)
	0.215 (20.22%)
	0.644 (10.09%)


Table 2. Scenario C1, 4x2 closely spaced dual-polarized (XX-XX-X channels, 0.5λ antenna spacing).
	SU/MU-MIMO dynamic switching
	Cell Avg 
	50%ile of the user throughput CDF
	5%ile of the user throughput CDF

	Rel-10 SU-MIMO report
	2.587
	0.378
	0.093

	Enhanced CQI/PMI (Double CB with rank restricted feedback) 
	2.753 (6.43%)
	0.418 (10.85%)
	0.101 (8.84%)

	Enhanced CQI/PMI (Double CB with rank restricted best companion CQI)
	2.874 (11.12%)
	0.430 (14.00%)
	0.936 (0.86%)


Table 3. Scenario C2, 4x2 closely spaced dual-polarized (XX-XX-X channels, 0.5λ antenna spacing).
	SU/MU-MIMO dynamic switching
	Cell Avg 
	50%ile of the user throughput CDF
	5%ile of the user throughput CDF

	Rel-10 SU-MIMO report
	3.155
	0.459
	0.110

	Enhanced CQI/PMI (Double CB with rank restricted feedback) 
	3.411 (8.12%)
	0.524 (14.08%)
	0.124 (12.42%)

	Enhanced CQI/PMI (Double CB with rank restricted best companion CQI) 
	3.745 (18.70%)
	0.590 (28.37%)
	0.125 (12.87%)


Observations: 

· The dynamic switching between SU/MU-MIMO with double codebook structure and rank restricted feedback provides around 7% in cell average and 8~14% gain in 50ile of the user throughput over SU/MU-MIMO based on Rel-10 SU-MIMO report with DP antenna configuration, full buffer traffic model in all scenarios.
· The dynamic switching between SU/MU-MIMO with double codebook structure and rank restricted best companion feedback provides around 11~23% gain in cell average and 14~28% gain in 50ile of the user throughput over SU/MU-MIMO based on Rel-10 SU-MIMO report with DP antenna configuration, full buffer traffic model in all scenarios.
· Rank restricted best companion CQI outperforms rank restricted feedback. This observation was made over full buffer traffic model where the probability of MU-MIMO is relatively high and can be extended for highly loaded traffic conditions. The main reason for this performance gain was due to the consideration of multi-user interference in calculation of the best companion CQI.
3 Conclusion
In this contribution, we studied the performance gain achievable by combining double codebook structure and rank restricted best companion CQI for dynamic SU/MU-MIMO switching in scenarios A, C1 and C2 for full buffer evaluation. 

For single point transmission, the combination of double codebook and rank restricted best companion CQI feedback shows:
· The dynamic switching between SU/MU-MIMO with double codebook structure and rank restricted feedback provides around 7% in cell average and 8~14% gain in 50ile of the user throughput over SU/MU-MIMO based on Rel-10 SU-MIMO report with DP antenna configuration, full buffer traffic model in all scenarios.
· The dynamic switching between SU/MU-MIMO with double codebook structure and rank restricted best companion feedback provides around 11~23% gain in cell average and 14~28% gain in 50ile of the user throughput over SU/MU-MIMO based on Rel-10 SU-MIMO report with DP antenna configuration, full buffer traffic model in all scenarios.
· Rank restricted best companion CQI outperforms rank restricted feedback. This observation was made over full buffer traffic model where the probability of MU-MIMO is relatively high and can be extended for highly loaded traffic conditions. The main reason for this performance gain was due to the consideration of multi-user interference in calculation of the best companion CQI.
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Appendix: Simulation assumptions
Table 7. System Level Simulation assumptions
	Parameter
	Value

	General
	A : Reuse the macro part of the baseline simulation case for scenario 4 in TR36.819, unless otherwise stated in this table
C1/C2 : Reuse the assumptions from scenario 3/4 in the CoMP SI with configuration 4b of TR36.814, unless otherwise stated in this table

	Duplex method
	FDD

	Bandwidth
	10 MHz

	Network synchronization
	Synchronized

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Users per sector
	10 (Scenario A), 30 (Scenario C : Configuration 4b)

	Traffic model

	Full-buffer 

	Handover margin
	1dB

	Downlink transmission scheme
	4x2 multi-layer SU/MU-MIMO dynamic switching based on SU-MIMO RI/PMI/CQI report / MU-MIMO CQI/PMI enhancement reporting

	Downlink scheduler
	Proportional Fair scheduling in the frequency and time domain. 
Exhaustive search is performed with the MU-MIMO PF metric obtained as the sum of the PF metric of the co-scheduled UEs.

	Downlink link adaptation


	CQI and PMI 5ms feedback period

	
	6RB frequency granularity of PMI/CQI

	
	6ms delay total (measurement in subframe n is used in subframe n+6)

	
	No PMI feedback error 

	
	MCSs based on LTE transport formats [36.213]

	
	4-bit Quantized CQI per CW

	codebook
	Rel. 8 4 bit 4Tx codebook, additional 3 bits for double codebook structure

	Allocation
	Localized

	Total number of RB in one subframe
	50

	scheduling unit
	1 subband = 6 consecutive RBs depending on the reporting mode

	Downlink HARQ
	Maximum 3 re-transmissions,

	
	Chase combining, non-adaptive, synchronous.

	
	no error on ACK/NACK

	
	8 ms delay between re-transmissions

	Downlink receiver type
	MMSE based on DM RS of serving cell 

	Data Channel Estimation
	Ideal channel estimation on CSI RS and DM RS. 

	PAPR
	No constraint on per-antenna power imbalance 

	Antenna configuration
	Macro node: 
Cross-polarized: +/- 45 degrees, 0.5 wavelength separation
Low-power Tx Points : 

Cross-polarized: +/- 45 degrees, 0.5 wavelength separation
UE:
VH polarized, 0.5 wavelength separation
ideal antenna calibration

	Control Channel overhead, Acknowledgements etc.
	LTE: L=3 symbols for DL CCHs

Overhead of DM RS: 12 REs/RB/subframe

Overhead of CSI RS: 4 sets of CSI RS every 5 ms and 1RE/port/RB (This is, in 4 Tx antenna case, 4 REs/RB per 5ms)

Overhead of 2-ports CRS, 6 MBSFN subframes in one radio frame

Total overhead : 0.3871

	BS antenna downtilt
	3D: 12 deg

	Feeder loss
	0dB

	Channel model
	ITU UMa for Macro, and ITU UMi for low-power Tx-point, 3km/h

	Link error prediction technique
	MIESM (RBIR)

	
	Non-ideal link adaptation (i.e. non-ideal CQI). Outer-loop control based on ACK/NACK report.

	Intercell interference modeling
	rank 2 transmission in interfering cells

	
	CQI calculated based on MMSE receiver assuming identity covariance matrix for the interferers











