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1. Introduction 
In Release 10, downlink MIMO has been enhanced to support up to 8-layer SU-MIMO transmission and dynamic SU-MU MIMO switching. For the 8 Tx case, the CSI feedback has been enhanced with a new dual-codebook structure that enhances CSI accuracy without much overhead by exploiting the long term channel correlation properties. UE specific reference symbols are provided for data demodulation, allowing arbitrary precoders to be used by the eNB for transmission. MU-MIMO operation (especially for 4 Tx) is considered by many network operators as critical to further increase the system capacity. The current 4 Tx codebook which has not been upgraded since Rel. 8 does not have sufficient accuracy for performing MU-MIMO transmission. 

DL MIMO enhancement has been targeted for the following scenarios

· Scenario A: Macro Cell (2Tx and 4Tx XPOL)

· Scenario B: Outdoor and/or indoor low power RRHs with coordination with the macro

· Scenario C: Outdoor small cells with localized antennas

with Scenarios A and C having the highest priority. In this contribution we consider possible codebook enhancement targeting Scenarios A and C. A possible approach for codebook enhancement is to design a new codebook either in a dual component feedback structure or with a single component structure as in the current 4 Tx codebook. Another possible way is by adding additional codewords to the current 4Tx Householder codebook. The additional codewords can be optimized taking into account the prioritized antenna configurations.
2. Codebook Structure 
In order to improve the performance of MU-MIMO in dynamic switching mode, the codebook must be enhanced for lower ranks; especially ranks 1 and 2. Since XPOL antenna configuration is most commonly deployed as indicated by the operators, the grid of beam approach, where a DFT precoder is used for co-polarized antenna part along with co-phasing factors to account for inter-polarization phase difference, is a good starting point. This aligns with the framework for 8 Tx codebook structure in Rel. 10.  However for large antenna spacing and in less correlated channels, we should also account for the magnitude difference across polarizations Similar to the 8Tx codebook design approach, the 4Tx codebook is constructed from a set of 2x1 DFT vectors. Define the 2x1 base DFT vector 
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The general structure for the rank 1 code vector takes the form 
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where 
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. Note that the resulting precoder may not have equal gain for all the antenna elements. However, it must also be noted that MU-MIMO precoding such as zeroforcing essentially results in an unequal gain precoder. For rank 2, the magnitude incorporated structure the form:
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2.1. Dual component feedback Structure

It might be useful to decompose the codebook into two sub-codebooks to take advantage of long term channel properties. The structure of the double component precoder for rank 1 can be written as:
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For rank 2, the precoder takes the form: 
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3. Simulation Results
In this section, we provide performance evaluation of Scenarios A and C1. The following table shows the gain achieved in Scenario C1 with a GOB codebook with magnitude information over the 4 Tx codebook
	4x2, 0.5 lambda, 
MUMIMO, Scenario C1
	(Cell Avg,  Edge Tput)

(bits/s/Hz)
	Gain over Householder codebook

(%)

	HHCB, 4 bits per subband
	3.8527/0.0983
	

	Single Component

GOB with magnitude,  6 bits per SB
	4.1768/0.1070
	8.4/8.9


Table 1: Scenario C1 performance for 4x2 XPOL with 0.5 lambda spacing with single component feedback

	4x2, 4  lambda, 

MUMIMO, Scenario C1
	(Cell Avg ,  Edge Tput)

(bits/s/Hz)
	Gain over Householder codebook

(%)

	HHCB, 4 bits per subband
	3.7078/0.0929
	

	Single Component

GOB with magnitude,  6 bits per subband
	4.0571/0.1016
	9.4/9.4


Table 2: Scenario C1 performance for 4x2 XPOL with 4 lambda spacing with single component feedback
In the following, we evaluate Scenario A performance with single and dual component feedback structure. We provide system level performance results for the two GOB codebooks in comparison to the householder codebook (HHCB).

1. GOB 33:   3 bits for DFT, 2 bits for polarization phase, 1 bit for polarization amplitude   
2. GOB 34:  3 bits for DFT, 2 bits for polarization phase, 2 bits for polarization amplitude
	4x2 MIMO, MUMIMO,

0.5 lambda, Scenario A
	(Cell Avg,  Edge Tput)

(bits/s/Hz)
	Gain over Householder codebook

(%)

	HHCB, 4 bits per SB
	(2.6085, 0.0987)
	

	Double Component

GOB33, 3 bits WB, 3 bits SB
	(2.7502, 0.1005)
	(5.4, 1.8)

	Double Component

GOB34, bits WB, 4 bits SB
	(2.7694, 0.1011)
	(6.2, 2.4)

	Single Component

GOB33,  6 bits per SB
	(2.7918, 0.1036)
	(7.0, 5.0)

	Single Component

GOB34, 7 bits per SB
	(2.8084, 0.1044)
	(7.7, 5.8)


Table 3: Performance of 4x2 XPOL with 0.5 lambda spacing with single and dual component feedback

	4x2 MIMO, MUMIMO,

4 lambda, Scenario A
	(Cell Avg ,  Edge Tput)

(bits/s/Hz)
	Gain over Householder codebook

(%)

	HHCB, 4 bits per SB
	(2.3774, 0.0885 )
	

	Double Component

GOB33, 3 bits WB, 3 bits SB
	(2.4115, 0.0911)
	(1.4, 2.9)

	Double Component

GOB34, 3 bits WB, 4 bits SB
	(2.4245, 0.0896)
	(2.0, 1.2)

	Single Component

GOB33,  6 bits per SB
	(2.5274, 0.0951)
	(6.3, 7.5)

	Single Component

GOB34, 7 bits per SB
	(2.5406, 0.0950)
	(6.9, 7.3)


Table 4: Performance of 4x2 XPOL with 4 lambda spacing with single and dual component feedback
Based on the results above, it can be clearly seen that
1. The current 4 Tx codebook is not well suited for MU-MIMO. More than 5% gain can be obtained by using a grid of beam structure with magnitude information for the two polarizations. 

2. Further, a dual codebook structure may not be optimal for the four lambda antenna spacing since the performance gain over the current 4Tx codebook with a dual codebook is not considerable. This is expected since four lambda antenna spacing results in a less correlated channel for which a dual codebook structure is not valid. 

4. Conclusions

We conclude that significant gain can be achieved for MU-MIMO in both Scenarios A and C1 with improved codebooks that capture the difference in relative power of the two polarizations in dual polarized antenna configuration.  Further, a two-component feedback approach for the codebook design will not provide performance benefits for four lambda antenna spacing, which is a prioritized configuration. 
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6. Appendix: 

6.1. Simulation Assumptions

	Parameter
	Assumption

	Antenna Configuration
	4 Tx eNB 0. 5 & 4 lambda XPOL 

2 Rx at UE 0.5 & 4 lambda  XPOL

	Deployment Model 
	Scenario A and C1 as per 36.819

	Traffic Model
	Full Buffer

	Duplex method 
	FDD 10MHz

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

	UE Feedback
	Implicit 

	Feedback Granularity
	Wideband CQI/PMI report 

Subband CQI/PMI  1 Subband=5RBs

	Feedback Impairments
	Reporting period: 5 ms for PMI/CQI.   

Delay: 5 ms

	DM-RS
	Ideal

	CSI-RS 
	Ideal 

	Scheduler Type
	Proportional fair

	MUMIMO Precoder
	Zeroforcing

	Scheduling
	Based on the chordal distance between the precoders

	HARQ Scheme
	Chase Combining 

	Maximum number of retransmissions
	3

	OLLA
	On with Target BLER=20% and warm-up time=1s

	Inter-cell interference modelling
	6 strongest interfering cells are explicitly modelled.
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