
3GPP TSG RAN WG1 Meeting #48bis
R1-071562
St Julians, Malta, 26-30 March, 2007
Agenda Item:
7.9.1
Source: 

Samsung,

Title: 




Precoding for 4TX SU-MIMO 
Document for:
Discussion/Decision
1 Introduction
During the St Louis meeting a provisional 4 Tx antenna precoder was selected as a (virtual) antenna selection precoder. It was decided that the final decision on the precoder for 4 Tx antennas needs to be made during the March meeting in Malta. In this contribution we compare the link and system performance a couple of candidate precoders namely:
1. Rotated DFT precoder as defined in [1].
2. Householder Precoder (HHT) as defined in [2], as well as the Constant Modulus HH (CMHH).
3. Grassmanian Line Packing (GLP) Precoder as defined in [1].

We will concentrate on the 4x2 case since this is where the most precoding gains are available, but for reference we include the 1x2, 2x2 and 4x4 cases.

2 Summary & Conclusions

We summarize our findings as
1. Based on link simulations the vector type codebooks (GLP and HHT) perform better in the low geometry region, while the DFT matrix codebook perform better in the high geometry region.
2. Based on system simulations the vector type codebooks have a slight gain in total cell throughput compared to the DFT matrix codebook, however the gains are possibly within simulation error.
3. We can see in the performance summary in Table 4 that using a virtual antenna selection precoder (single fixed DFT precoder) for rank adaptation of  has only a 5% loss compared too much larger codebooks.
4. Performance of 4x2 CMHH with 1 Precoder matrix and CSS is 1.85bps/Hz, since the working assumption is Node B can restrict codebook size, this is identical to DFT matrix with a single precoder..
5. The simplest solution is to choose a single DFT precoder  (DFT1) with antenna selection. If the RS are precoded, then no calculation is necessary at the UE since it will only do antenna selection.

6. DFT 1 consists  purely of +/-1+/-j.This simplifies the precoded channel calculation.

7. With CQI errors or larger SB size (10RB) precoding gains go down

Therefore we believe that there is no significant difference in system performance between either the DFT, GLP or HHT codebooks, and would prefer to use the smaller and simpler (virtual) antenna selection precoder.
3 Link Simulations
3.1 Simulations Assumptions
The detailed link simulation parameters and assumptions are given in Table 1 and Table 2 respectively. 

Table 1 OFDMA parameters
	Parameter
	Assumption

	Bandwidth
	5 MHz

	Carrier frequency
	2.19 GHz

	OFDM sub-carriers
	301

	Carrier spacing
	15 kHz

	OFDM symbol duration
	1/14ms

	TTI duration
	14 OFDM symbols (1 ms)

	Number of RBs
	25 (0.18 MHz per RBs)

	MCS Levels
	QPSK (R = 1/3,2/5,1/2,3/5,2/3, 3/4,4/5)

16QAM (R = 1/2,3/5,2/3,3/4, 4/5)

64QAM (R = 3/5,2/3,3/4,4/5)


Table 2 Simulation assumptions
	Parameter
	Assumption

	Channel model
	Typical urban

	Rank/CQI/Precoder Feedback Granularity
	5 RBs

	Target BLER on first transmit
	10%

	Antenna configuration
	2 x 2/4x4/4x2

	Spatial correlation
	0.5 & 0.25

	Traffic model
	Full buffer traffic

	MIMO detector
	Linear MMSE

	UE speed
	3 km/h

	Feedback delay
	2 TTI

	Geometry
	0~20dB

	HARQ
	Chase combining (Max. ReTx: 6)


3.2 Simulations Results
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Figure 1 Throughput comparison of SU-MIMO with various codebooks, FBI=5bits, 4x2, spatial correlation=0.25
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Figure 2 Throughput comparison of SU-MIMO with various codebooks, FBI=5bits, 4x2, spatial correlation=0.5
4 System Simulations
4.1 Simulation Assumptions
The simulations assumptions are inline with the agreed scenario of spatial multiplexing for the scheduled traffic channels as is described in TR25.812, Case 1. The detailed simulations assumptions are summarized in Table 3. 
Table 3 System Simulation Assumptions

	Parameter
	Value

	Transmission  Bandwidth
	10 MHz

	NFFT
	1024

	Usable sub-carriers
	600

	Sub-carrier spacing
	15 kHz

	Subframe duration
	1ms

	Number of OFDM symbols per sub-frame
	10 (data) & 4 (control)

	ISD
	500m

	Resource Block size (RB)
	12 tones

	SubBand Sizes
	5RB’s 

	Channel Model
	SCM (Macro Urban)

	Antenna spacing
	10*Lambda

	Mobile Speed
	3 Km/Hr

	Target FER
	1%

	MCS Levels
	QPSK: 1/3, 2/5, ½, 3/5, 2/3, ¾, 4/5

QAM16:  ½, 3/5, 2/3, ¾,4/5
QAM 64: 3/5, 2/3, 3/4, 4/5

	HARQ
	Chase Combining, max 6 transmissions

	UE’s per Cell
	2,10

	5 Bit quantizations
	-7 to 23 dB in 1dB increments

	Receiver
	MMSE-IRC

	Number of TXxRX antenna configurations
	4x4, 2x2, 1x2 

	SubBand size for CQI reporting, Rank adaption, Precoder selection and scheduling
	5RB’s

	Channel Estimation
	Ideal

	CQI Reporting
	Every 5 TTI, delayed by 3 TTI, per SubBand

	CodeBook Size
	4bits

	Scheduler
	Round Robin


4.2 Simulation Results
In Figure 3 we plot the cell-edge throughput vs. the offered traffic in bps/Hz. We can see that there is no significant performance difference between the DFT, GLP and the Householder precoders. In Figure 4 we plot the CDF’s for the User Throughput for the different precoders. Once again we cannot see a significant difference between the 3 precoders. In Table 4 we summarize the cell throughput for the different precoders. The legend meanings are:
· 1PC = single fixed precoder matrix with column selection for rank adaptation (3bits)
· 16PC = 16 precoder matrices in addition to column selection for rank adaptation (8bits)
· CSS = Column Subset Selection

· FCS = Fixed Column Selection. 

a. For HHT & CMHH (Constant Modulus HHT): Rank 1: Column 1. Rank2: Columns 1 & 4. 
b. For GLP: Rank 1: Column 1. Rank2: Columns 1 & 3  

Table 4 Summary of Cell throughput in bps/Hz and relative Gain compared to 1x2 baseline at 10 users/Cell
	
	1x2 Base
	HHT 16 CSS
	DFT 16 CSS


	GLP 16 CSS
	DFT 1 CSS
	CMHH 1PC

CSS

	THP
	1.4544
	1.9688
	1.9547
	1.9869
	1.8441
	1.85

	Gain
	1.0000
	1.3537
	1.3440
	1.3662
	1.2679
	1.28
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6 Appendix GLP-SVD-optimized codebook
6.1 Codebook

The design of this matrix codebook is an improved version of the vector-matrix codebook used in [1] and is based on the following procedure:

- use a GLP vector codebook as first columns of the matrix codebook.

- design the columns 2 to 4 such that the matrices are unitary and the chordal distance for rank 2 subset is the largest. 

The codebook is given hereunder for 16 matrices.

Rank 1 codebook is obtained by taking the first column out of each matrix.

Rank 2 codebook is obtained by taking column 1 and 2 out of each matrix.

Rank 3 codebook is obtained by taking column 2 to 4 out of each matrix

Rank 4 is obtained by taking the 16 matrices.

Hence there are 16 precoders per rank. This makes a 5bits codebook for 4x2 MIMO and 6bits codebook for 4x4 MIMO.

6.2 Achievable Chordal distance 
Chordal distance achieved by choosing the first column of the 4x4 unitary codebook: 
	Rank 1
	N=1

	TI’s codebook
	0.8671

	TI’s constant modulus (CM)
	0.8202

	GLP-SVD-optimized codebook
	0.8671


Chordal distance achieved by choosing the last 3 columns of the 4x4 unitary codebook:

	Rank 3
	N=3

	TI’s codebook
	0.8671

	TI’s constant modulus (CM)
	0.8202

	GLP-SVD-optimized codebook
	0.8671


Chordal distance achieved by choosing columns (1,2), (1,3) or (1,4) of the 4x4 unitary codebook:
	Rank 2
	(1,2)
	(1,3)
	(1,4)

	TI’s codebook

	0.4225
	0.3308
	0.6582

	TI’s constant modulus (CM)
	0
	0
	0

	GLP-SVD-optimized codebook
	0.8606
	0.6692
	0.6026


The best column subset is (1,2) for GLP-SVD-optimized codebook and (1,4) for TI’s codebook. For TI’s CM, it doesn’t matter as the minimum chordal distance is equal to 0.

Hence, both TI’s and GLP-SVD-optimized achieve the optimal chordal distance for rank 1 and rank 3 (0.8671). For rank 2, GLP-SVD-optimized achieves very close to optimal chordal distance (0.8606 instead of 0.8671) and outperforms significantly TI’s and TI’s CM codebooks.
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Figure 3 Cell edge throughput vs. Total Cell throughput
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Figure 4 User Throughput CDFs
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