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1. Introduction

In RAN1 #61bis meeting, the Rel-10 feedback issues related codebook and UE reporting procedure were discussed and the following conclusion was taken as a progress:

· It is noted that the cosigning companies of R1-104169 have agreed that there are significant gains for enhanced feedback schemes that are based on the cited WFs.

· It is noted that the cited WFs are already agreed including the case of 4 tx and the focus will be on making the way forward more concrete for 4 tx.

· It is noted that 4 tx is the priority.

So far, a lot of proposals for increasing feedback accuracy have been discussed to enhance LTE-A MU-MIMO performance. The proposals can be categorized by feedback codebook enhancement and additional MU-MIMO specific feedback. The former focuses on higher resolution of the feedback codebook so that finer spatial channel quantization could be provided, and the latter tries to give additional information for MU-MIMO pairing to minimize co-channel interference and CQI mismatch [1]-[18]. In this contribution, we further discuss on feedback codebook enhancement and additional MIMO specific feedback to improve MU-MIMO performance in release-10. To see the benefit of the new feedback proposals for better support MU-MIMO in Rel-10, we evaluate the performance of the feedback schemes in system level.

______________________________________________________________________________

2. Feedback Enhancement for 4Tx in release-10

· Feedback Codebook Enhancement
Although the release-8 codebook is well designed to use universally regardless of the antenna configuration and the spatial correlation, the performance of the low rank is not fully optimized due to coarse beam resolution. Therefore, to further enhance the performance of the low rank transmission and/or MU-MIMO transmission, new feedback codebooks that can provide finer beam resolution in lower rank with reasonable feedback overhead have been proposed so far.

On the other hand, considering the release-10 specification timeline, it is desirable to reuse release-8 feedback framework as much as possible to minimize the specification effort. In addition, if a new feedback codebook is introduced in LTE-A specification, it is very important to maintain a feedback overhead comparable as that of LTE release-8 since a codebook design should not require much additional specification efforts in terms of uplink physical control channel or UE reporting procedures.
Proposals for feedback codebook enhancement for 4Tx can be categorized by adaptive codebook, differential codebook and GoB-based codebook. The adaptive codebook transforms a base codebook (i.e. release-8 codebook) into a transformed codebook to further increase spatial correlation so that beamforming gain can be enhanced. To reduce the excessive overhead of covariance matrix feedback, the covariance matrix is estimated and averaged over the whole frequency band in a long duration, and quantized so that a limited number of bits for the covariance matrix feedback are used. The differential codebook adopts phase diagonal matrix to refine beams formed by a base codebook in frequency / time domain [2]. Since the wideband beam is adjusted by subband phase diagonal matrices, the finer beam granularity is provided with the even less feedback overhead compared to that of release-8 codebook assuming frequency selective precoding. The last one is a GoB structure which was proposed for 8Tx feedback codebook design [1] to provide a unified precoding structure optimized for both cross-polarized and co-polarized antenna configurations at the same time so that reasonable performance could be obtained irrespective of the antenna configurations with even less feedback overhead as well compared to  that of release-8 codebook under the frequency selective precoding assumption. 
When it comes to feedback overhead, differential codebook and GoB structure based codebook rather than adaptive codebook can have an advantage of reduced feedback overhead, which are enable to reuse release-8 feedback framework while keeping fine beam granularity for MU-MIMO. 
· CQI accuracy enhancement for MU-MIMO
In release-8, the simple SDMA-based MU-MIMO is employed with rank-1 SU-MIMO feedback reuse so that the MU-MIMO performance is limited from the inaccurate feedback. If an eNB scheduler uses rank-1 SU-MIMO feedback for MU-MIMO transmission, SU-MIMO based CQI should be recalculated at eNB transmitter without the co-channel interference information so that the CQI mismatch may result in huge MU-MIMO performance degradation. To further enhance MU-MIMO performance, MU-MIMO based CQI which is calculated based on the assumption of MU-MIMO transmission can be considered. 
For MU-MIMO based CQI calculation, a reference rank can be provided by an eNB so that a UE calculated the MU-MIMO based CQI by assuming that the composite transmission rank of MU-MIMO transmission is the same as the reference rank. In this case, the CQI is calculated with the preferred beam vector with nulling beam vector(s) within the reference rank which implies that a UE assumes one beam is used for the UE and the other beams are used for other UEs. The reference rank can be fixed or semi-statically configured by higher layers.
______________________________________________________________________________

3. Performance Evaluation
In this section, we provide the system level simulation performance according to feedback codebook and CQI types for MU-MIMO performance enhancement. 
In this simulation, we assume release-8 codebook and four different types of multi-granular feedback codebook (i.e. adaptive codebook, differential codebook, GoB codebook and GoB with vector selection codebook) 
· For adaptive codebook, covariance matrix is employed for a W1 (long-term/wideband) codebook and release-8 HH codebook is adopted as a W2 (short-term/subband) codebook. For quantization of covariance matrix, 4bit quantization is performed on all elements in upper triangular part of R and 1bit quantization is performed for diagonal part of R, which results in 28bits overhead. Also, since quantized covariance matrix is reported every 100ms in this simulation, average feedback overhead is 1.4 bits every 5ms. 
· For differential codebook, release-8 HH codebook is a W1 (long-term/wideband) codebook and phase diagonal matrix is used as a W2 (short-term/subband) codebook. In this simulation, we assume 2-bits to compose phase diagonal matrix as shown in [2].  
· GoB structure proposed in [2] can be naturally extended for 4Tx codebook. A DFT precoder of size 4 can be formed using two DFTs of size 2 combined with size 2 outer matrix. To obtain exact 4Tx DFT matrix, we employ that relative phase between upper and lower DFT matrix in the block diagonal matrix is multiplied to lower DFT matrix [19]. The block diagonal matrix is a W1 (long-term/wideband) codebook and release-8 2Tx codebook is employed for a W2 (short-term/subband).
Also, in order to investigate the benefit of MU-MIMO based CQI for MU-MIMO transmission, we assume 2 types of CQI reporting (i.e. SU-MIMO based CQI only reporting, SU-MIMO based CQI and MU-MIMO based CQI reporting together). For MU-MIMO based CQI calculation, it is assume that maximum 4 layers are multiplexed and nulling vectors for interference cancelation are searched at UE side.
Details of the simulation assumptions are listed in the Table 1.
Table 1. System level simulation assumptions

	Parameter
	Assumption

	Number of cells 
	57

	Deployment model
	Hex grid, 3 sector sites

	Inter site distance
	200 m

	Average number of UEs per cell
	10

	Traffic model
	Full buffer

	UE speeds of interest
	3 km/h

	Bandwidth
	10 MHz

	Carrier frequency
	2.5 GHz

	Control OFDM symbols per RB pair
	3

	Max number of HARQ retransmissions
	5

	Channel model
	ITU Urban Micro

	Pathloss model
	128,1 + 37,6 log10(R) dB, (R in km)

	Transmit power
	40 W

	BS antenna configuration
	Two closely spaced ±45° cross-poles with 0.5 λ separation

	
	ULA with 0.5 λ separation and vertical polarization

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

	UE antenna configuration
	2 Rx: 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%

	Number of RBs per subband
	6 RBs

	Frequency granularity for CQI reporting
	6 RBs

	Feedback delay
	5 ms

	CQI reporting periodicity / frequency granularity
	5 ms / Subband

	Covariance matrix / frequency granularity
	100 ms / Wideband

	PMI reporting periodicity / frequency granularity
	W1
	5 ms / Wideband

	PMI reporting periodicity / frequency granularity
	  W2
	5 ms  / Subband

	RI reporting periodicity
	20 ms

	Feedback codebook for 4Tx transmission
	Single CB
	Release-8 HH

	
	Adaptive CB
	Covariance matrix + Release-8 HH

	
	Differential CB
	Phase diagonal matrix + Release-8 HH [2]

	
	GoB CB
	Down scaled and modified from GoB codebook [16]

	Transmission mode 
	SU-MIMO
	Rank adaptation – up to Rank-2

	
	  MU-MIMO
	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


From table 2 and table 3, system level performances for 4Tx are shown. In table 3, we can see the SU-MIMO performance according to feedback codebook types under three types of antenna configuration (i.e. cross-polarized with 0.5 λ, co-polarized with 0.5 λ and cross-polarized with 4 λ).
Table 2. 4x2 antenna configuration (SU-MIMO) – WB W1 and SB W2

	Feedback codebook
	Cross-polarized (0.5 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)

	Release-8 HH CB
	2.01 (0.00%)
	0.0650
	1.95 (0.00%)
	0.0771

	Adaptive CB
	2.00 (-0.50%)
	0.0634
	2.01 (3.00%)
	0.0814

	Modified GoB CB
	2.00 (-0.50%)
	0.0644
	1.94 (-0.50%)
	0.0763


In SU-MIMO case, we can see that release-8 HH codebook and proposed codebooks with higher resolution have very similar performance. On the other hands, in perspective of feedback overhead, multi-granular feedback can provide a benefit of overhead reduction.
In table 3, we can see the MU-MIMO performance according to feedback codebook and CQI types under three types of antenna configuration.
Table 3. 4x2 antenna configuration (MU-MIMO) – WB W1 and SB W2

	CQI Type
	Feedback codebook
	Cross-polarized (0.5 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)

	SU-MIMO based
CQI
	Release-8 HH CB
	1.96 (0.00%)
	0.00708
	2.36 (0.00%)
	0.112

	
	Adaptive CB
	2.04 (4.00%)
	0.0733
	2.58 (9.32%)
	0.120

	
	Modified GoB CB
	2.04 (4.00%)
	0.0736
	2.55 (8.05%)
	0.113

	SU-MIMO and 
MU-MIMO Based CQI
	Release-8 HH CB
	2.08 (6.00%)
	0.0719
	2.52 (6.78%)
	0.117

	
	Adaptive CB
	2.16  (10.00%)
	0.0792
	2.69 (13.98%)
	0.120


In MU-MIMO case, we can see that multi-codebook based precoder provides performance enhancement since eNB can enjoy sufficient multi-user pairing from codebook with higher resolution.  According to antenna configuration, 4~9% performance improvement is obtained compared to release-8 HH codebook. 
Also, from the simulation result, we can observe that MU-MIMO based CQI provides significant gain compared to SU-MIMO based CQI by reducing CQI mismatch. As compared with SU-MIMO based CQI only reporting, 6~7% performance gain is obtained by additional MU-MIMO based CQI reporting. Especially, when MU-MIMO based CQI is employed, performance difference between release-8 HH codebook and adaptive CB is about 4~7%.

Observation: no performance improvement is observed in SU-MIMO mode while the 4~9% system level performance gain is observed in general when the enhanced feedback codebook or MU-MIMO based CQI is employed in MU-MIMO mode. However, considering the increment of UE implementation complexity and test cases, it should be further investigated that whether the 4~9% gain is reasonable.
______________________________________________________________________________

4. Conclusions

In this contribution, we discussed on feedback enhancement for 4Tx in release-10. From the discussions and simulation result, we may conclude as follows:
· From the simulation result, we see that enhanced codebook and more accurate CQI provide 4~9% performance gain for MU-MIMO transmission.

· Even though enhanced feedback provides performance gain, considering increment of the UE implementation complexity and test cases, we slightly prefer to reuse release-8 feedback for release-10.
· However, if an introduction of a new codebook is necessary in release-10 LTE-A specification, feedback overhead as well as UE implementation complexity and test case increment should be carefully considered. An enhanced 4Tx feedback design which is analogous to 8Tx feedback framework could be an efficient design way from the viewpoint of minimized specification effort. 
______________________________________________________________________________
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