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1 Introduction

In past several RAN1 meetings, several agreements have been made on feedback and 8Tx codebook design. It is agreed that codebook includes two components; one for long-term/wideband information, while another for short-term/narrowband information. In last meeting, it is also agreed that a suggested precoder is expressed as a matrix multiplication of two matrices. 
In this contribution we further discuss codebook design and feedback enhancement in Rel-10 following the previous agreements in [5], [6], and [7]. We first present some general views, then we propose codebook design for single code approach and double codebook approach, respectively..
2 General Views on Codebook Properties
The 4Tx codebook in Rel-8 has many good properties, such as finite alphabet, constant modulus, and nested. In the following text, we give our preference on codebook properties. 
First, we have the following proposals:

1. Codebook properties: 

1) Finite alphabet is needed

· To reduce UE complexity

2) Constant modulus is preferably inherited

· At least a subset of the codebook needs to satisfy constant modulus.  eNB can configure (e.g., codebook subset restriction) UE to use that subset of the codebook.
3) Need to show performance gain if deviate from the nested property

· Consider if nested up to rank 4 (or 2) is sufficient
2. Unified codebook design over different antenna configurations

1) Correlated dual polarized antenna may be prioritized

2) Other antenna configurations are not precluded for evaluation
In addition to the above properties, one different requirement from Rel-8 4Tx codebook design is the need to better support MU-MIMO. Here, we note that, if a UE suggests, e.g., v0 as a precoding vector, if v0 is orthogonal to more vectors in the codebook, then there is a larger possibility that eNB pair this UE with other UEs. Therefore, we propose
3. Codebook property in support of MU-MIMO operation

1) Strive to increase the number of orthogonal precoding vectors (for rank1)  in the codebook

· Conditioned that SU-MIMO performance is not degraded

3 Codebook Designs
3.1 Single Codebook Design
There have been many codebook designs in the category of single codebook Here we provide our codebook design up to rank two. The entries of this codebook are selected from 8-PSK alphabet. This codebook is designed based on Kronecker structure. In other words, each rank1 precoding vector (and precoding vector for each layer of rank2 precoding matrix) corresponds to a combination of 1) direction of each polarization and 2) phase offset between two polarizations. The details of the codebook are shown in Appendix I.
3.1.1 Link Level Simulation

LLS results of the codebook are shown in Fig. 1. The simulation assumptions are shown in Appendix II, which is aligned with codebook simulation assumption in R1-102508 
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Fig. 1 LLS results for correlated DP (rank-1)
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Fig. 2 LLS results for correlated DP (rank adaptation, up to rank 2)
The proposed codebook achieves reasonable performance for both rank1 and rank adaptation (up to rank2). We note that CB in [4] achieves almost the same performance but it is not nested while the proposed codebook is nested.
3.1.2 System Level Simulation
In addition to LLS, we also conducted system level simulation with respect to different codebooks. The SLS simulation is in Appendix III. Both the LLS and SLS simulation assumptions are intended to be aligned with codebook simulation assumptions in R1-102508. The system throughput comparison is as following:
	System throughput (Mbps)
	5MHz
	10MHz

	
	Co-pol UE antenna
	Cross-pol UE antenna
	Co-pol UE antenna
	Cross-pol UE antenna

	Panasonic
	14.89
	15.59
	29.51
	30.91

	CB in [4]
	14.76
	15.54
	29.29
	30.85

	CB in [2]
	14.73
	15.41
	29.26
	30.60

	CB in [1]
	14.76
	15.30
	29.21
	30.35


Based on the above SLS results, the proposed codebook still achieves the best performance with respect to various UE antenna configuration and system bandwidth.
3.2 Double codebook design
In last meeting, we have shown our preference to a simple double codebook design, Kronecker based double codebook. The Kronecker based double codebook includes two components: base vector and phase offset. For an instance, if the base vector for both polarizations are v, and the phase offset is θ, then the precoding vector (for rank1 or one layer of rank 2) corresponds to: 
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, where v denotes a 4x1 column vector (base vector). As discussed in the agreed way forward R1-103332, Kronecker form suits the RAN1 agreement on matrix multiplication form of codebook.
Directly applying Kronecker form in double codebook structure, long-term component (W1) would correspond to base vector, while short-term component (W2)would correspond to phase offset, because in general phase offset changes more frequently (in time or frequency) than base vector. Note that that Kronecker form can be expressed by either W1W2 or W2W1 form. 

Based on the agreement in last meeting, a natural selection of base vectors is linear phase vectors. To ensure correlated ULA performance, the phase shifts for the base vectors can be [0 22.5 45 67.5 90 …..337.5]. There are totally 16 different phase shifts, which means there are totally 16 base vectors. The detailed W1 codebook (set of base vectors) are shown in Appendix IV.
For codebook W2 (phase offset component), a natural selection is to use a two bit codebook [1 -1 j –j]. However, it should be noted that the phase offset part can cause large overhead because it is reported more frequently in time and/or frequency. For example, for a 20MHz system with 8PRB feedback granularity, there are 13 subbands. If W2 takes 2 bits, there are totally 26 bits to be reported for W1 alone, which is difficult to be transmitted in PUCCH. If W2 is transmitted in PUSCH only, then the effectiveness of double codebook structure is much reduced.
Therefore, a possible selection of W2 is to use 1 bit codebook [1 -1]. However, such selection may cause performance degradation. Ideally we can use 1 bit to feedback phase offset information [1 -1 j –j]. Here we spot a phenomenon that there are strong correlations between base vectors. For correlated DP antenna at eNB, 8 different beam directions are sufficient (16 different beams are required for correlated ULA antenna). Therefore, we may associate beam direction with phase offset reporting. More specifically, if v0 is reported, the reported phase offset is 1 or -1, if v1 is reported, the reported phase offset is j or –j. Such staggered structure (as shown in Table 2) can report additional phase offset information without additional overhead, especially when there is phase offset continuity between subbands.
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2bit W2 codebook

1bit W2 codebook: Alt 1

1bit W2 codebook: Alt 2 (staggered)


Table 2: Possible double codebook designs (■codepoint not in codebook, ■ codepoint in codebook)
It should also be noted that alt 2 one bit codebook performs better than alt1 one bit codebook in case of correlated ULA antenna, because alt2 includes 16 different direction beams with maximum array gain while alt 1 does not.
3.3 Codebook Above Rank 2
In general the transmission up to rank2 can be optimized for correlated DP antenna (and possibly also correlated ULA). For transmission rank higher than two, it is possible to optimize the codebook for uncorrelated DP antenna, because independent MIMO fading channel is more feasible for higher rank transmissions. With uncorrelated DP antenna, it is possible to set W1 to be an identity matrix. Based on the above analysis, we also propose 
· For rank 1 and 2, optimize codebook for correlated DP

· FFS how to consider correlated ULA

· For transmission rank greater than 2, optimize codebook for uncorrelated DP

· FFS if W1 is set to be identity matrix

· FFS if codebook can be separately nested, i.e., codebook rank 1 and 2 are nested, while codebook rank 3~8 are nested.

4 Conclusions
Considering the tight time frame of Rel-10, we propose to focus on single codebook or Kronecker form of double codebook structure. A proposed single codebook with link level and system level numerical results is shown. A double codebook approach with staggered Kronecker structure is proposed as well.
Appendix I: Detailed Single Codebook Design
We define the following vectors. Here the right column corresponds to the phase of the actual vector. For example, [0 45 90 135] corresponds to vector [1  (1+j)/sqrt(2)   j   (-1+j)/sqrt(2)]. We believe expressing the precoding vector in terms of phase is good for a better communication between companies. 
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The rank 1 codebook can be expressed as:

	Index
	Rank 1 CB (/sqrt(8))
	Index
	Rank 1 CB (/sqrt(8))
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The rank2 codebook can be expressed as:
	Index
	Rank 1 CB (/sqrt(2*8))
	Index
	Rank 1 CB (/sqrt(2*8))
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Appendix II: Link Level Simulation Assumption
	Parameter
	Assumption

	Carrier frequency
	2.0GHz

	System Bandwidth
	5MHz

	Transmission bandwidth
	25RB

	Channel modelling
	  Urban Macro, 3GPP Case-1 SCME High Spread

	UE  Mobility
	3km/h

	eNB antenna configuration
	Half wavelength spaced dual polarized 8Tx antenna

	eNB antenna orientation
	-45/45 degree

	UE antenna configuration
	2Rx dual polarized antenna

	UE antenna configuration
	Fixed 0/90 degree

	UE LoS AoD
	[-60 60]

	Link adaptation
	AMC

	HARQ
	Chase Combining

	DMRS Channel estimation
	Ideal

	Receiver
	MRC (for rank 1), MMSE (for rank 2)

	CSI-RS Channel estimation
	Ideal

	PMI/CQI feedback delay
	5ms

	PMI/CQI granularity
	Wideband


Appendix III: System Level Simulation Assumption

	Parameter
	Assumption

	System bandwidth
	5MHz, 10MHz

	eNB antenna configuration
	8Tx half wavelength spaced dual polarized

	UE dropping per sector
	Uniform

	UE LoS AoD (per sector)
	[-60 60]

	UE antenna configuration
	Co-pol (half wavelength), dual-polarized (0/90 degree)

	Number of cells
	57

	Deployment model
	Hex grid, 3 sector sites

	Inter-site distance
	500m

	Traffic model
	Full Buffer

	Average number of UEs per sector
	5

	Control OFDM symbol
	3

	Scheduler
	PF in time and frequency

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

	UE Receiver
	No ICI cancellation function

	Transmit power
	20 W for 5MHz, 40W for 10MHz


Other SLS assumptions, if not mentioned here, are aligned with LLS assumptions

Appendix IV: W1 Codebook (set of base vectors)  
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