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1. Introduction

Since the dynamic switching between SU-MIMO and MU-MIMO is supported with transmission mode 9 introduced in Rel-10, its associated feedback also needs to be further enhanced in order to obtain reasonable performance gain. Therefore, feedback enhancements especially for MU-MIMO have been discussed for higher system throughput performance [2]-[5]. 
Two alternatives can be considered as an additional feedback for better support of SU-/MU-MIMO dynamic switching could be as follows:

· Alt-1: SU-MIMO based rank-1 or rank-2 PMI/CQI is reported additionally for MU-MIMO scheduling when higher rank PMI/CQI is reported.
· Alt-2: MU-MIMO based PMI/CQI is reported additionally for MU-MIMO scheduling independently from SU-MIMO PMI/CQI reporting.
In this contribution, we investigate two alternatives described above from the system level evaluation to see the benefit from the additional feedback targeting MU-MIMO transmission.

______________________________________________________________________________

2. Supporting of Dynamic SU-/MU-MIMO
So far, rank-1 PMI and CQI feedback calculated based on SU-MIMO transmission have been used for MU-MIMO scheduling in Rel-8/-9. Therefore, a huge CQI mismatch results in significant performance degradation since multi-user interference is not taken into account. Although SU-/MU-MIMO dynamic switching is also supported in dual-layer beamforming mode, no MU-MIMO specific feedback is used so that the MU-MIMO performance is not optimized. Since the maximum transmission rank is two in dual-layer beamforming, reasonably lower rank information for MU-MIMO scheduling is available if PMI/CQI feedback is configured. However, the maximum transmission rank is increased for transmission mode 9 up to 8 layers so that lower rank PMI/CQI may be used when a UE reports higher rank PMI/CQI for SU-MIMO scheduling. Therefore, the additional lower rank PMI/CQI feedback in case that a UE feeds back higher rank PMI/CQI has been proposed to support dynamic SU-/MU-MIMO scheduling (i.e., Alt-1).

As an another alternative, since the rank-1 SU-MIMO PMI/CQI doesn’t take the co-channel interference into account MU-MIMO based additional PMI/CQI reporting has been also proposed (Alt-2). As discussed, the Alt-1 only requires additional SU-MIMO PMI/CQI it could be a simpler approach from the specification effort perspective since the UE behavior to find appropriate PMI and its associated CQI could be the same with SU-MIMO feedback already specified. On the other hand, the Alt-2 requires additional UE behavior to define the MU-MIMO PMI/CQI calculation since it is different from SU-MIMO PMI/CQI calculation in order to take co-channel interference into account.
Therefore, the performance benefit of the MU-MIMO PMI/CQI seems to be investigated to see whether it can justify the additional specification effort and feedback overhead.
______________________________________________________________________________

3. System Performance Evaluation
In this section, system level evaluation to compare the performance of two alternative MU-MIMO feedback enhancements is provided. In this simulation, we assume only rank-1 CSI reporting for MU-MIMO scheduling and rank-1 SU-MIMO PMI/CQI reporting can be considered as Alt-1. Also, additional rank-1 MU-MIMO CQI reporting can be regarded as Alt-2.
The tables 1 and 2 show the MU-MIMO performance according to feedback schemes and antenna configurations. For MU-MIMO scheduling, it is assumed that a single layer is transmitted and the composite rank at eNB can be up to 4. For MU-MIMO PMI/CQI calculation, a UE find a preferred beam vector as similar with SU-MIMO and search nulling beam vectors assuming composite rank 4 (i.e., reference rank). Once preferred beam vector and nulling beam vectors are found, its associated CQI is calculated based on the precoder which is formed by one preferred beam vector and three nulling beam vectors in order to assume co-channel interference will transmitted into null space when an eNB uses ZF-beamforming. At the eNB transmitter, ZF-beamforming is used for both alternatives.
Table 1. 4x2 antenna configuration (MU-MIMO / max 4 layers)
	Feedback information
	Cross-polarized (4 λ)

Antenna
	Co-polarized (0.5 λ)
Antenna

	
	Average SE (bps/Hz)
	Cell Edge SE (bps/Hz)
	Average SE (bps/Hz)
	Cell Edge SE (bps/Hz)

	Rank-1 SU-MIMO PMI/CQI
	1.74
(0.0%)
	0.0281
(0.0%)
	2.29
(0.0%)
	0.0473
(0.0%)

	Rank-1 SU-MIMO PMI/CQI and MU-MIMO CQI 
	1.87
(7.5%)
	0.0294
(4.6%)
	2.35
(2.6%)
	0.0480
(1.4%)


Table 2. 8x2 antenna configuration (MU-MIMO / max 4 layers)
	Feedback information
	Cross-polarized (4 λ)

Antenna
	Co-polarized (0.5 λ)
Antenna

	
	Average SE (bps/Hz)
	Cell Edge SE (bps/Hz)
	Average SE (bps/Hz)
	Cell Edge SE (bps/Hz)

	Rank-1 SU-MIMO PMI/CQI
	1.95

(0.0%)
	0.0331

(0.0%)
	3.07

(0.0%)
	0.0636

(0.0%)

	Rank-1 SU-MIMO PMI/CQI and MU-MIMO CQI 
	1.99
(2.1%)
	0.0334

(0.9%)
	3.09

(0.6%)
	0.0655
(3.0%)


From the simulation results, it is observed that MU-MIMO CQI provides significant gain compared to SU-MIMO PMI/CQI only feedback since link adaptation performance is improved by reducing of CQI mismatch. As compared with SU-MIMO PMI/CQI only feedback, 7% average sector throughput gain and up to 10% cell edge performance gain is observed by additional MU-MIMO CQI feedback.
______________________________________________________________________________

4. Conclusions

In this contribution, two alternatives were discussed and evaluated in system level. The discussions and observations can be summarized as follows:
· Two alternatives for MU-MIMO scheduling were discussed.

· Alt-1: SU-MIMO based rank-1 PMI/CQI is reported additionally for MU-MIMO scheduling when higher rank PMI/CQI is reported.

· Alt-2: MU-MIMO based PMI/CQI is reported additionally for MU-MIMO scheduling independently from SU-MIMO PMI/CQI reporting.
· Additional MU-MIMO based CQI feedback may gives up to 7% average sector throughput gain and 10% cell-edge UE performance gain.

· Although it requires additional UE behavior to define MU-MIMO based PMI/CQI calculation in the specification, the gain from MU-MIMO based PMI/CQI feedback for better supporting of SU-/MU-MIMO dynamic switching may justify the specification effort. 
______________________________________________________________________________
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Appendix
Table 1. System level simulation assumptions

	Parameter
	Assumption

	Number of cells 
	57

	Deployment model
	Hex grid, 3 sector sites

	Average number of UEs per cell
	10

	Traffic model
	Full buffer

	Bandwidth
	5 MHz

	Channel model
	ITU Urban Micro,

	Antenna configuration
	4Tx-2Rx, 8Tx-2Rx

	BS antenna configuration
	ULA with 0.5 λ separation and vertical polarization

	
	Two closely spaced ±45° cross-poles with 4 λ separation

	UE antenna configuration
	ULA with, 0.5 λ separation

	
	Cross-polarized 0°/90°, 0.5 λ separation

	Receiver 
	MMSE with no inter-cell interference suppression

	Scheduler
	Proportional fair in time and frequency

	Channel estimation
	Perfect channel estimation

	Outer-loop link adaptation
	Yes

	Target BLER
	10%

	Max number of HARQ retransmissions
	5

	PUSCH

Feedback

Mode 3-1
	Number of RBs per subband
	4 RBs

	
	CQI reporting periodicity / frequency granularity
	5 ms / Subband

	
	PMI reporting periodicity / frequency granularity
	5 ms / Wideband

	PUSCH

Feedback

Mode 3-2
	Number of RBs per subband
	4 RBs

	
	CQI reporting periodicity / frequency granularity
	5 ms / Subband

	
	PMI reporting periodicity / frequency granularity
	5 ms / Subband

	Feedback delay
	5 ms

	RI reporting periodicity
	20 ms

	Feedback codebook 
	4 Tx
	Release-8 HH

	
	8 Tx
	Agreed feedback codebook [6]

	Transmission mode 
  
	MU-MIMO : ZF beamforming, Rank-1 per UE, Max 4-Layer pairing

	CQI reporting type
	SU-MIMO based CQI only
SU-MIMO based CQI and MU-MIMO based CQI

	Overhead
	PDCCH
	3 OFDM symbols

	
	CRS
	2-Tx pattern

	
	DMRS
	12 REs per RB for rank-1 and 2

24 REs per RB for rank-3 to 8
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