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1 Introduction

In RAN1 #60bis in Beijing, feedback enhancement and 8Tx codebook design have been treated and one WF is agreed as following:

· A precoder W for a subband is a function of two matrices W1 and W2, i.e. where W1 ( C1 and W2 ( C2. The codebooks C1 and C2 are codebooks one and two, respectively.
· W1 targets wideband/long-term channel properties
· W2 targets frequency-selective/short-term time channel properties
· For PUCCH, the feedback corresponding to W1 and W2 can be sent in different or the same subframe (unless it turns out that the payload is too large to ever send W1 and W2 in the same subframe on PUCCH).

· Periodic and aperiodic reports are independent

· For PUSCH: FFS

· FFS whether feedback corresponding to W1 and/or W2 may be switched off

Essentially the WF enables the suggested precoder to include two different components, where each component can be reported with different time periodicity. Such approach can better exploit time domain correlation however self-contained principle needs to be relaxed to some extent.
In this contribution we further discuss codebook design and feedback enhancement in Rel-10. We first present some general views, then we analyze several existing codebook design approaches in current standardization and give our preference.
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 design. Here we provide a rank 1 codebook design. The entries of this codebook are selected from 8-PSK alphabet. The exact codebook is shown in Appendix I.
LLS results of the codebook are shown in Fig. 1. The simulation assumptions are shown in Appendix II. 
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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 Moto’s codebook achieves almost the same performance but it is not nested while the proposed codebook is nested.

3.2 Double codebook design
The double codebook structure has been discussed in last two meetings, as shown in Fig. 3. The channel characteristic of DP antenna may be naturally exploited in the double codebook structure. To be concise, we refer the details of DP channel characteristics to [5].
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Fig.  3 8Tx correlated DP antenna configuration
3.2.1 Kronecker form

When the direction of the first antenna group and the direction of the second antenna group are highly correlated, the feedback for DP antenna can be described by Kronecker form, where the suggested precoding vector corresponds to the Kronecker product of channel direction and phase offset ([1 1]T or [1 -1]T), e.g., if the PMI (for both antenna group) corresponds to precoding vector v, and the suggested phase offset is [1 -1]T, then the suggested precoding vector corresponds to [vT  –vT]T. According to the framework of the agreed WF in RAN1 #60b, the phase offset (short term information) may be reported with less periodicity in time domain than the channel direction (long term information).
On top of Kronecker form, it is also possible to further decompose channel direction to long term component and short term component. Such approach may include production form and rotation form (details in Appendix III). Although we do see the performance gains, we also see some difficulty to finish the standardization of production form and rotation form in Rel-10 time frame (only three meetings left). 
3.2.2 PMI correlation between two antenna groups

In the above Kronecker form expression, we assume that the two antenna groups experience highly correlated PMI. This is related to the fact that if the antenna group experience the same channel covariance matrix. At this stage we have not seen convincing analysis on this aspect and we actually see diverging opinions. We believe some further investigation on this aspect is needed for good codebook design.
3.2.5 Other antenna configurations are not precluded for evaluation
Although 8Tx correlated DP antenna can be prioritized, other eNB antenna configuration needs to be considered as well. Possible configurations are 8Tx uncorrelated DP antenna and ULA 8Tx correlated antenna. To support correlated ULA 8Tx antenna, length-8 DFT vector can be included in the possible suggested precoding vectors.
One discussion point in RAN1 #60bis is the use of length-8 DFT vector for correlated ULA. In order to achieve sufficient spatial resolution (and good beamforming gain) for SU-MIMO, it is preferable to have 16 different beam directions in rank1 codebook. However, to enable 16 length-8 DFT vectors would require 16-PSK alphabet, which somehow increases complexity. In our understanding, it is likely a consensus that 8 of the 16 beam directions (with linear phase 0, 45, 90….) can be expressed by 8-PSK alphabet. The other 8 of the 16 beam directions perhaps can be well approximated by some 8-PSK based vectors although those vectors are not strictly DFT vectors. Such design may help to maintain 8-PSK alphabet and overlapped beam directions simultaneously.
4 Conclusions
Considering the tight time frame of Rel-10, we propose to focus on single codebook or Kronecker form of double codebook structure. MU-MIMO performance may be considered, i.e., strive increase the number of orthogonal vectors in rank1 codebook, subject that SU-MIMO performance is not degraded. A proposed single codebook is also shown in Appendix I.
Appendix I: Codebook

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:
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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

	UE antenna configuration
	2Rx dual polarized antenna

	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: Details of production form and rotation form 
Production form

It is also possible to use double codebook structure in reporting PMI of each individual antenna group. For example, for each antenna group, it has been proposed to use the production of (quantized) covariance matrix and one precoding vector to report suggested precoding vector, which corresponds to:
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where R corresponds to the (quantized) Cholesky decomposition of channel covariance matrix. Here, R1/2 can be reported using the first codebook (long-term/wideband), and v’ can be selected from on the second codebook (short-term/narrowband). 

This double codebook structure can be easily extended to 8Tx DP antenna. The suggested precoding vector corresponds to:
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one more bit is needed to report the phase offset in the above equation. In this form, v’ and phase offset can be reported using finer time/frequency granularity than R1/2
We note that a direct production form seems does not satisfy finite alphabet and constant modulus property. Therefore, if production form is pursued, we need to find some method to make it satisfy finite alphabet and constant modulus property. Production form also needs to standardize a codebook to report the quantized covariance matrix, which seems require a certain amount of standardization effort.

One possible way to reduce the standardization effort is to make the matrix R1/2 downloadable, in which case the design of R1/2 becomes an eNB implementation issue. However we see some difficulty in RAN4 testability for downloadable codebook, therefore currently we have some reservation on the downloadable codebook approach.
Rotation form
Another double codebook structure to report PMI of each individual antenna group is rotation form. For correlated antenna array, typically the instantaneous PMI fluctuates around the centre PMI. Therefore, one natural approach is to separately report the centre PMI (using coarse time/frequency granularity), and report the fluctuation (using finer time/frequency granularity). Using rotation form, the suggested precoding vector corresponds to:
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Here vector d corresponds to the centre PMI (using the first codebook), while vector v’ corresponds to the fluctuation (using the second codebook). The method is called rotation form because it is similar to the rotated DFT codebook design method.

The rotation form can be easily extended to correlated 8Tx DP antenna as well. The suggested precoding vector corresponds to
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Similar to production form, one bit is needed to report phase offset.

It should be noted that the rotation form can easily satisfy finite alphabet and constant modulus property. Actually if both the first codebook (d) and second codebook (v’) satisfy finite alphabet and constant modulus, the suggested precoding vector satisfies finite alphabet and constant modulus.

However, the rotation form would need to standardize a new codebook to report the fluctuation of PMI. Such codebook has not been sufficiently discussed in RAN1. Therefore it seems not easy to finish the standardization of rotation form in Rel-10 time frame.
Reference:

[1] R1-100890, CATT, “Codebook design for 8Tx DL MIMO”, RAN1 #60, San Francisco, USA, Feb, 2010.

[2] R1-101170, Samsung, “8Tx Codebook Design for Channel Feedback in support of DL SU-MIMO in LTE-A”, RAN1 #60, San Francisco, USA, Feb, 2010.

[3] R1-101170, ZTE, “DL Codebook Design for 8 Tx MIMO in LTE-A”, RAN1 #60, San Francisco, USA, Feb, 2010.
[4] R1-101462, Motorola, “Codebook for 8Tx DL SU-MIMO for LTE-A”, RAN1 #60, San Francisco, USA, Feb, 2010.
[5] R1-101742, Ericsson, ST-Ericsson, “Further refinements of feedback framework”, RAN1 #60b, Beijing, China, Apr, 2010.



























































































PAGE  
3GPP
6/7

_1332244586.unknown

_1332244924.unknown

_1332245000.unknown

_1333892121.unknown

_1333892182.unknown

_1333892246.unknown

_1333892295.unknown

_1333892324.unknown

_1333892274.unknown

_1333892214.unknown

_1333892147.unknown

_1333891911.unknown

_1333891995.unknown

_1333892051.unknown

_1333892085.unknown

_1333891948.unknown

_1333891862.unknown

_1333891873.unknown

_1333891851.unknown

_1332244975.unknown

_1332244988.unknown

_1332244961.unknown

_1332244858.unknown

_1332244888.unknown

_1332244898.unknown

_1332244869.unknown

_1332244715.unknown

_1332244772.unknown

_1332244832.unknown

_1332244820.unknown

_1332244746.unknown

_1332244647.unknown

_1331548261.unknown

_1331622830.unknown

_1331732276.unknown

_1332244561.unknown

_1331624029.unknown

_1331624667.unknown

_1331624735.unknown

_1331622865.unknown

_1331548346.unknown

_1331622795.unknown

_1331548317.unknown

_1331548197.unknown

_1331548233.unknown

_1331548050.unknown

