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1 Introduction
It has been agreed that the LTE-Advanced DL will support 8Tx antenna configuration and in order to achieve the full potential capacity gain by the 8-Tx antenna MIMO channel, closed-loop precoding will be applied facilitated by codebook based feedback. In previous meetings, several companies gave their codebooks for 8Tx antenna configuration [1][2][3] and these codebooks can be applied both to SU-MIMO and MU-MIMO. Since at least the rank 1 codebook will be used for feedback when users are scheduled in MU-MIMO, we have evaluated the channel quantization accuracy of different proposed rank 1 codebooks by its ISR (Interference Suppression Ratio). Although the precoded DM-RS leaves room for different vendor specific implementations of MU-MIMO precoding, the performance is highly related to how well the UE can quantize and feed back the channel. Therefore it is motivated to study the ISR for MU-MIMO feedback purposes.

Furthermore, we have compared MU-MIMO performance with different codebooks in a system simulator.
2 Interference suppression ratios for different codebooks 
ISR was used as the metric of feedback accuracy in [4]. For a particular channel realization h, the metric is calculated as follows. 
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In equation (1), 
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 is the principal eigenvector corresponding to maximum eigenvalue of channel transmit covariance matrix, which is defined by 
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where K is the total number of sub-carriers, 
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 is the channel matrix of the ith sub-carrier and N  is the number of transmit antennas. For wideband ISR, R is averaged over the whole bandwidth whereas for sub-band ISR, R is averaged over each sub-band only.       
We use ISR as the metric of codebook quantization accuracy.  If g matches h exactly (ideal beamforming), the ISR is infinite meaning that a transmitter could in theory use Zero Forcing transmission and perfectly reduce the interference to zero. In practice, a constant module codebook is expected where each codebook vector element has the same amplitude. This will make the ISR different from the ideal (infinity). 
However we can study the ideal phase matching but constant modulus precoding vector, as
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where  
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as in equation (3) we obtain an ISR that can be seen the upper bound of a constant modulus codebook.
Fig.1 to Fig.2 shows the ISR of different codebooks and the simulation parameters are shown in the appendix.
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In above figures, “Non uniform DFT” means codebook is from [1], “uniform DFT” is the conventional DFT codebook.  And the procedure to get size 16 8×1 “AA” codebook is as below:
1.  Obtains the 8 element 4×1 DFT codebook. They are A1 , A2, A3, A4, A5, A6, A7, A8. Where Ai (1≤i≤8) is a 4×1 vector. 

2.  Then, construct the size 16 8×1 “AA” codebook as
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3 System level simulation for different codebooks
The system level simulation parameters are found in the appendix. In this section, the performance of Samsung’s, Motorola’s, the “AA” 4bit codebook, ideal phase and ideal beamforming are compared in the MU-MIMO scenario. 
Table 1 throughput Comparison

	
	“AA”
	Samsung
	Motorola
	Ideal phase
	Ideal beamforming

	Cell average throughput
	100%
	82.95%
	95.72%
	130.13%
	135.92%

	Cell edge throughput
	100%
	81.09%
	95.77
	125.57%
	132.17%



In Table 1, we use “AA” codebook as a reference and see that the Motorola’s and Samsung’s codebook has about  4% and 17% loss for cell average throughput respectively. It also shows that there is a very large loss between the 4bit codebook and ideal feedback. The large loss motivates to reduce quantization error further in the MU-MIMO scenario by using a larger codebook size than the 4 bit studied here. Comparing ideal phase precoding with ideal beamforming, the loss is less than 5%. It shows that constant modulus codebook can offer enough improvement if it is well designed. 
Proposal 1: Codebook should be larger than 4 bits, at least for the codebook ranks commonly used in MU-MIMO

Proposal 2: The studied codebooks should be constant modulus

4 Larger PMI payload signalling over PUCCH  
For Rel.8 PUCCH-based feedback, channel quality information (CQI) is encoded using a (20, A) code in format 2/2a/2b, where A is the number of bits for the channel quality information. The code words of the (20,A) code are a linear combination of  the 13 basis sequence defined in [5] and it can support up to 13 CQI  bits. For normal CP, there are 11 channel quality information bits at most. They are used in Rel.8 as 4 bits for wide-band CQI, 3 bits for spatial differential CQI and 4 bits for PMI (precoding matrix indication) respectively. In the following we will discuss how many PMI bits can be supported if the Rel.8 (20,A) code is used. 
For normal CP in format 2/2a/2b and extended CP when CQI/PMI is not multiplexed with ACK/NACK 

· If each MU-MIMO UE is restricted to single layer transmission

· 7 bit PMI can be supported if PUCCH payload is restricted to 11 bits.
· 9 bit PMI can maximally be supported (since total number of bits should ≤ 13).

· If each MU-MIMO UE can support rank>1 transmission
· 6 bit PMI can be supported with at most total PUCCH payload ≤ 13 bits in normal CP scenario.    

For extended CP, when CQI/PMI is multiplexed with ACK/NACK. 

· If each MU-MIMO UE is restricted to single layer transmission
· 6 bit PMI can be supported if PUCCH payload is restricted to 11 bits.
· 8 bit PMI can maximally be supported.
· If each MU-MIMO UE can support rank>1 transmission
· Only 4 bit PMI is supported. If a larger PMI size, the current (20,A) code can not support it .
If larger CQI payload is transmitted because of larger PMI sizes, there is performance loss compared with smaller payload. This will affect coverage on PUCCH. In [6], an improved CQI channel coding method is suggested, which only does row permutation of the current (20,A) coding matrix. Using CQI improvement method in [6], the increased CQI payload with the same coverage as the smaller CQI payload in Rel.8 is expected.

From this analysis, we see that the current PUCCH codec can support larger PMI sizes in most scenarios.
5 Conclusions
In this contribution, both a simple ISR analysis and a system level evaluation for MU-MIMO with different codebooks are given. From the simulation result, it seems that codebook with “AA” structure has better performance than that of others in MU-MIMO scenario.  And from the simulation, the gap between 4 bit codebook and ideal feedback (ideal beamforming or ideal phase feedback) is large. It seems from the discussion that a larger PMI payload size is supported with backward compatible signalling with Rel.8.  We therefore propose that: 
Proposal 1: Codebook should be larger than 4 bits per rank, at least for the codebook ranks commonly used in MU-MIMO
Proposal 2: The studied codebooks should be constant modulus
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Appendix: 

System simulation parameters
	Parameter
	Assumption

	Cellular Layout
	 19 sites, 3 sectors per site

	Simulation scenarios
	Case1 in TR25.814

	Load
	Average 10 UE per sector

	Bandwidth
	10MHz

	Channel model
	SCM

	UE speeds of interest
	3km/h

	antenna configuration
	8×2 cross-polarization antenna

BS:0.5 Lambda  MS:0.5 Lambda

	Traffic model
	Full buffer

	Scheduler
	Proportional Fair

	MU-MIMO
	Maximum paired MU-MIMO user number is 2, and one layer per user


	Subband size
	5 RB

	HARQ
	Maximum 4 transmission 

	Transmitter precoding algroithm
	ZFBF

	Receiver algorithm
	MMSE 
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Fig.3 8×2 cross polarized antenna configuration













































































_1315139905.unknown

_1315140663.unknown

_1315316704.unknown

_1315637847.unknown

_1315638325.unknown

_1315641507.doc
		[image: image2.jpg]\
)

LHUAWEI








		文档名称

		文档密级







[image: image1.png]CDF

09

08

07

08

05

04

03

02

01

subband ISR

— Samsungidbit)
— AAUbi)

~— Non uniform DFT(4bit)
—— uniform DFT(4bit)
— Motorolaabit)

—— ideal phase

6 8 10 12 14 1 18 20






                                    Fig.[image: image2.jpg]2













		2009-9-28

		华为机密，未经许可不得扩散

		第1页, 共1页








_1315638869.vsd
Port1


Port5


Port8


Port4


Port7


Port3


Port6


Port2


Fig.3 8×2 cross polarized antenna configuration



_1315637898.unknown

_1315555733.unknown

_1315555942.unknown

_1315140722.unknown

_1315140783.unknown

_1315140816.unknown

_1315316562.unknown

_1315140808.unknown

_1315140735.unknown

_1315140698.unknown

_1315140578.unknown

_1315140611.unknown

_1315140652.unknown

_1315140591.unknown

_1315139967.unknown

_1315140564.unknown

_1315140570.unknown

_1315140524.unknown

_1315139944.unknown

_1315139670.unknown

_1315139755.unknown

_1315139856.unknown

_1315139897.unknown

_1315139823.unknown

_1315139702.unknown

_1315139746.unknown

_1315139692.unknown

_1315139362.unknown

_1315139410.unknown

_1315139648.unknown

_1315139393.unknown

_1315139311.unknown

_1315139350.unknown

_1315139302.unknown

