3GPP TSG-RAN WG1 #72bis                                                                                                       R1-130934
Chicago, USA, 15th – 19th April, 2013

Source:
Alcatel-Lucent Shanghai Bell, Alcatel-Lucent 

Title:
Codebook Structure and Details
Agenda Item:
7.2.2.1
Document for:
Discussion/Decision

1 Introduction

In RAN1#72 and RAN#59, the following working assumptions for 4Tx were agreed for further DL MIMO enhancement [1]. And details of codebook proposals from all companies were provided in email discussion [72-11] to facilitate discussion of codebook design for RAN1 #72bis.
Working Assumptions:

· A new aperiodic PUSCH feedback mode is supported in Rel.12 with following feedback

· CQI and rank feedback bit size as in PUSCH Mode 3-1 in Rel. 10

· A wideband PMI 

· 4Tx: FFS with the consideration of codebook enhancement in Rel. 12 not excluding 0 bit wideband PMI

· Per subband PMI(s)
· 4Tx: FFS with the consideration of codebook enhancement in Rel.12

· Use Rel.10 W= W1W2 codebook structure for 4 antenna feedback for DMRS based TMs

· The following are for further study and evaluation:

· Sub-band size

· Detailed W1 and W2 structures, e.g. W1 corresponds to a long term and/or wideband channel properties and W2 corresponds to a short-term and narrowband channel
· Additional information in the CSI reports for this new feedback mode

· For example CSI feedback enhancements targeted at improving MU performance 
In our previous contribution [2], a 4Tx W1W2 codebook was proposed to improve spatial granularity of PMI, and this codebook could flexibly and efficiently support a variety of antenna configurations with a single unified structure, i.e. closely-spaced and widely-spaced cross-polarized linear array (CLA) as well as uniformly spaced linear array (ULA). In this contribution, we give further details of the codebook, and compare it with the codebook proposals of other companies. The system level performance of the proposed codebook is also evaluated according to the agreed evaluation assumptions [3]. 
2 Codebook design for 4Tx antenna array
As agreed in the working assumptions, a two-stage codebook structure is proposed here with the form of 
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where W1 corresponds to long term and/or wideband channel properties, and W2 targets short-term and narrowband channel estimation. The two-stage codebook is proposed here for rank 1 and 2 to achieve enhanced spatial granularity of PMI feedback for various antenna configurations. For rank 3 and 4, legacy Rel. 10 4Tx codebook can be reused and in that case W1 is the identity matrix.
2.1 W1 codebook
The matrix W1 represents long-term and/or wideband channel information for antenna elements with the same polarization of a 4Tx antenna array. It can be shown with the following diagonal form:
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where N denotes the 2Tx DFT beam size as well as W1 codebook size.
2.2 W2 codebook
The design principle of W2 codebook is to support a variety of antenna array configurations with a single unified codebook structure without significantly increasing feedback overhead, such as closely spaced CLA/ULA and widely spaced CLA/ULA.
· For rank 1
The structure of rank-1 W2 codebook considers beam shift of one polarization with respect to W1 long term and/or wideband DFT beam, polarization beam shift with respect to another polarization, as well as co-phasing between two polarizations.
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where 

· 
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: Finer beam shift of one polarization with respect to W1 long term and/or wideband DFT beam feedback
· 
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: Polarization beam shift with respect to another polarization, e.g. independent beam shifts between two polarizations for widely spaced antenna array
· 
[image: image7.wmf]j
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: Co-phasing factor between two polarizations
· For rank 2

In rank-2 W2 codebook, layer 1 is the same as rank 1, including finer beam shift of one polarization with respect to W1 feedback, polarization beam shift with respect to another polarization, as well as co-phasing between two polarizations. For layer 2 design, differential beam shift is taken into account with respect to layer 1.
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where

· Layer 1 same as rank 1
· Layer 2: 

· 
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: differential beam shift of layer 2 with respect to layer 1

· 
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: differential co-phasing of layer 2 with respect to layer 1 

To maintain the unitary property for rank-2 W2 codebook, usually, 
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. For closely-spaced CLA, 
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 can be set to zero. To support widely-spaced CLA, 
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 and/or 
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 can be chosen as a non-zero value. Therefore 
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 or 
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 can be quantized into at least one bit to adapt to different antenna patterns.
This generic codebook structure has many benefits as listed below.

1) This codebook design is compatible with the same diagonal matrix based W1 structure as Rel. 10 4Tx codebook. 
2) W1 is a diagonal matrix including identify matrix, so it may ease the design of rank 3 and rank 4, e.g. W1 is identity and W2 is legacy Rel. 10 4Tx codebook for rank 3 and 4.
3) The group of finer beams and beam overlapping is jointly determined by the design of W1 and the set of 
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 in W2. And it has great flexibility to support different granularity of beam group and beam overlapping. For example, W1 has 16 DFT beams with 
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 means no beam overlapping and 2 finer beam shifts for one polarization
b) 
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 means 1 beam overlapping and 2 finer beam shifts for one polarization
c) 
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d) 
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 means 3 beam overlapping and 4 finer beam shifts for one polarization
4) This codebook structure can easily support all antenna patterns, such as closely-spaced CLA, widely-spaced CLA and ULA. The codebook granularity for each type of antenna array is determined by the value selection of five angles 
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3 Relation with block-diagonal W1 based codebook
Codebook proposals in the email discussion [72-11] can be mainly categorized into two types according to the W1 codebook structure, namely diagonal based codebook and block-diagonal based codebook. Here our proposed codebook is a diagonal W1 based codebook structure, and each codebook proposal with the same type from other companies can be obtained with specific value selection of angles 
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. This section analyzes the relation of diagonal W1 based codebook with block-diagonal W1 based codebook.
Supposing that 
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, given the n-th W1 codeword and co-phasing 
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 in W2 codeword, the corresponding W codebook has the following form.
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 denote the selected 
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 values of 
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. 
Naturally the diagonal W1  based codebook can be reformulated as follows to generate the same W codebook, by listing all 
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 DFT beams into W1 due to beam shift  and converting the beam shift to W2 beam selection. Consequently the block-diagonal based codebook structure is formed equivalently.
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where 
[image: image42.wmf]i

e

 is a M x1 column selection vector, V is the group of 
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 DFT beams as follows:
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Obviously, the diagonal based codebook is actually equivalent to a block-diagonal based codebook. The beam selection in the block-diagonal based codebook can be converted to finer beam shift in diagonal based codebook, e.g. selecting specific 
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 from a given set of values. For example, 4 beams of a beam group in Rel. 10 8Tx are equivalent to 4 beam shifts (4 values of 
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) with respect to the first beam in the beam group. The beam group can also consist of orthogonal DFT beams by setting 
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 in addition to adjacent DFT beams. So the proposed two-stage codebook provides a generic structure which is fully compatible with Rel. 10 8Tx codebook design principle and is suitable for all kinds of 4Tx antenna array. 
4 Performance Evaluation
In this section, our feedback proposals including 4 Tx codebook enhancement and new PUSCH mode 3-2 are evaluated to show the throughput improvement for 4Tx DL MIMO, using the agreed simulation assumptions [3]. Scenario A with 20% outdoor/80% indoor UE distribution in full buffer model is evaluated and the performance results are listed in Table 1. Details of the simulation assumptions are given in the Appendix. 
In the simulations, two codebook candidates are evaluated both with 4-bit W1 and W2, and their W1 codebook is formed as diagonal matrix structure.

· Proposed codebook I

Consider a 4-bit diagonal W1 matrix, and 1-bit polarization beam shift and 3-bit co-phasing in W2 by selecting N=16, 
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. In this codebook, finer beam selection is not considered. The final W codebook includes 128 codewords for closely spaced CLA and 128 codewords for widely spaced CLA, of which 16 codewords are DFT codewords which are well suited for ULA.

· Proposed codebook II
Consider a 4-bit diagonal W1 matrix, and 1-bit finer beam shift, 1-bit polarization beam shift and 2-bit co-phasing in W2 by selecting N=16, 
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. In this codebook, two finer beam selections are supported with one beam overlapped. So the final W codebook includes 64 different codewords for closely spaced CLA and 64 different codewords for widely spaced CLA, of which 8 codewords are DFT codewords for ULA.
Table 1 4Tx performance enhancement in Scenario A

	MIMO Mode
	Feedback Mode
	Codebook
	Average Cell SE (bps/Hz/cell)
	50%ile user SE (bps/Hz/user)
	5%ile user SE (bps/Hz/user)
	Jain Index

	SU/MU-MIMO
	PUSCH 3-1
	Rel. 10 4Tx codebook
	2.64 (Baseline)
	0.20
	0.045 (Baseline)
	0.63

	
	PUSCH 3-2
	Rel. 10 4Tx codebook
	2.69 (2%)
	0.20
	0.047 (4%)
	0.63

	
	
	Proposed codebook I
	2.82 (7%)
	0.20
	0.047 (4%)
	0.60

	
	
	Proposed codebook II
	2.80 (6%)
	0.20
	0.048 (7%)
	0.61


For frequency granularity refinement of PMI feedback from wideband PMI (PUSCH mode 3-1) to subband PMI (PUSCH mode 3-2), DL MIMO with Rel. 10 4Tx codebook has only 2% gain on average cell SE and 4% gain on 5%ile user SE respectively. Therefore introducing PUSCH mode 3-2 alone gives a limited improvement in the system performance. When both the new codebook and PUSCH mode 3-2 are employed, the system performance can be further improved up to 7% at average cell SE and 7% at cell edge SE.  

Therefore the following proposals are suggested:

Proposal 1: Finer spatial granularity should be introduced for the 4Tx PMI feedback, by means of the proposed codebook. 
Proposal 2: 4Tx codebook enhancement should support a variety of antenna configurations with a single unified structure , including closely-spaced and widely-spaced cross-polarized antenna array, and uniformly spaced linear array.
Proposal 3:  Sub-band PMI feedback via PUSCH mode 3-2 should be adopted.
Proposal 4: One of the two codebook proposals given in section 4 should be adopted. 
5 Conclusion
In this contribution, we introduce the details of codebook structure, and analyze its compatibility with legacy Rel.10 4Tx and 8Tx codebook, and the equivalence with other companies’ codebook proposals. Furthermore, evaluation is performed on feedback proposals including 4Tx codebook enhancement and PUSCH mode 3-2 according to the agreed evaluation assumptions. Simulation results showed that only introducing PUSCH 3-2 mode has very limited performance gain on 4Tx DL MIMO. 4Tx codebook should also be enhanced together with PUSCH 3-2 mode for obvious throughput improvement of DL MIMO. Therefore following proposals are suggested:

Proposal 1: Finer spatial granularity should be introduced for the 4Tx PMI feedback, by means of the proposed codebook. 
Proposal 2: 4Tx codebook enhancement should support a variety of antenna configurations with a single unified structure including closely-spaced and widely-spaced cross-polarized antenna array, and uniformly spaced linear array.
Proposal 3:  Sub-band PMI feedback via PUSCH mode 3-2 should be adopted.
Proposal 4: One of the two codebook proposals given in section 4 should be adopted. 
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Appendix
System simulation assumptions
	Parameter
	Values used for evaluation

	Performance metrics
	· Cell average spectrum efficiency, 5%ile and 50%ile user spectrum efficiency

· Jain Index 

	Deployment scenarios
	Scenario A

	Traffic modeling
	Full-buffer model

	Outdoor-indoor ratio
	20% outdoor/80% indoor UE distribution

	Number of UEs per sector
	10 UE per macro cell with uniform distribution

	System bandwidth
	10 MHz 

	Transmission mode
	TM10 with single CSI process

	Network synchronization
	Synchronized

	Antenna configuration
	For eNB: 4Tx with 2 columns, cross-polarized on each column, closely-spaced ( X X

For UE: 2Rx cross-polarized ( +

	Feedback scheme (e.g. CQI/PMI/RI)
	5ms feedback period and 5ms delay between feedback and transmission
PUSCH 3-1, PUSCH 3-2

	MIMO mode
	SU/MU-MIMO: dynamic rank 1 or 2 selection in SU-MIMO, rank 1 per UE in MU-MIMO, and dynamic switching between SU-MIMO and MU-MIMO

	Maximal number of co-scheduled UE
	2

	Channel estimation
	non-ideal modeling of channel estimation on CSI-RS, orthogonal DM-RS

	SU/MU switching
	Dynamic UE selection with non-ideal modeling of orthogonal DMRS

	Feedback error
	0.1% bit error rate

	Receiver type
	MMSE-IRC receiver at the UE 

	Control channel and reference signal overhead
	Fixed 0.3063

	Link adaptation
	Non-ideal, with outer-loop control 
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