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Codebook Evaluation for IEEE802.16m SU-/MU-MIMO 
Jaewan Kim, Wookbong Lee and Bin-Chul Ihm
LG Electronics
Introduction
 In the previous Kobe meeting, it has been agreed that IEEE 802.16e based codebook and/or DFT based codebook will be used for the CL-MIMO in the IEEE802.16m system. In this contribution, we have compared the performances of IEEE802.16e codebook and DFT based codebooks for further discussion. 
SLS Evaluation Results of Proposed codebooks
Several kinds of codebook scheme have been proposed for the application of IEEE802.16m CL-MIMO. In this contribution, three codebooks, IEEE 802.16e codebook [1], phase-adapted DFT codebook [2], DFT based codebook [3], have been evaluated. 
Table 1. shows 4Tx closed loop single user MIMO (CL-SU-MIMO) performance. As you can see, IEEE 802.16e codebook seems to be more proper in uncorrelated channel with about 5% gain over other two DFT based codebooks for SU-MIMO. But it has the almost same performance as DFT-based codebooks with antenna spacing of 4
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. Moreover, it is worse than other codebooks in case of 0.5
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. Phase-adapted DFT codebook shows the best performance in case of 0.5
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with 4.2% relative gain.
Table 1 Performance comparison of 4Tx SU-MIMO
	Antenna spacing
	Spectral Efficiency (SE) /

Cell-edge User’s Throughput (CT)
	16e based codebook
	 DFT based codebook

	
	
	IEEE 802.16e codebook (6bit)
	Phase-adapted DFT codebook (4bit)
	DFT based codebook in [3] (4bit)

	Zero Correlation
	SE
	0%
	-5.6%
	-4.8%

	
	CT
	0%
	-8.3%
	-6%

	4
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	SE
	0%
	-0.8%
	-2%

	
	CT
	0%
	1.1%
	-1%

	0.5
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	SE
	0%
	4.2%
	2.3%

	
	CT
	0%
	8.7%
	5.5%


Table 2. shows 4Tx closed loop multi user MIMO (CL-MU-MIMO) performance with ZFBF algorithm. As you can see phase-adapted DFT codebook has the best performance among three codebooks. It has obtained about 3.9% (4
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case) and 12% (0.5
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 case) relative gain over IEEE 802.16e codebook, respectively. We can find out from the results that phase-adapted DFT codebook is the most suitable for MU-MIMO.
Table 2 Performance comparison of 4Tx MU-MIMO
	Antenna spacing
	Spectral Efficiency (SE) /

Cell-edge User’s Throughput (CT)
	16e based codebook
	 DFT based codebook

	
	
	IEEE 802.16e codebook (6bit)
	Phase-adapted DFT codebook (4bit)
	DFT based codebook in [3] (4bit)

	4
[image: image8.wmf]l


	SE
	0%
	3.9%
	2.6%

	
	CT
	0%
	5.2%
	3.4%

	0.5
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	SE
	0%
	12%
	6.4%

	
	CT
	0%
	14.4%
	8.4%


Conclusion
IEEE 802.16e codebook and DFT based codebooks have shown almost the same performance in SU-MIMO except for the case of uncorrelated channel. Phase-shifted DFT codebook has shown the best performance regardless of channel scenario in MU-MIMO. 
In general, MU-MIMO performs better than SU-MIMO. So, when we compare codebooks, we should focus on MU-MIMO performance comparison.
However, we should be very careful when we decide IEEE 802.16m codebook. First we need to decide how many codebooks (single or multiple) and how many codebook entities (4bit, 6bit or else) will be used.
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Simulation Assuptions

Table 3 Basic simulation assumption
	Parameter
	Assumption

	OFDM parameters
	10 MHz (1024 subcarriers)

	Channelization
	LLRU

	Number of total RUs
	48

	Number of PRUs in a subband
One PMI and CQI per a subband
	4

	Channel Models
	Extended Ped-B 

	Mobile Speed (km/h)
	3 km/h

	Number of MCS level
	24

QPSK 1/8, QPSK 1/6, QPSK 1/4, QPSK 1/3, QPSK 3/7, QPSK 1/2, QPSK 5/9, QPSK 5/8, QPSK 7/10, QPSK 3/4, 16QAM4/9, 16QAM1/2, 16QAM13/24, 16QAM5/8, 16QAM2/3, 16QAM3/4, 16QAM5/6, 64QAM3/5, 64QAM5/8, 64QAM17/25, 64QAM3/4, 64QAM5/6, 64QAM9/10, 64QAM14/15

	Channel Code
	CTC

	Antenna configuration
	4 transmitter, 2 receiver => [4Tx, 2Rx]

	MIMO receiver
	Linear Minimum Mean Squared Error (LMMSE)

	Channel Estimation
	Perfect channel estimation

	
	


 Table 4 System parameter assumption
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, wrap-around, 

3 sectors per site

	Distance-dependent path loss
	L=130.19 + 37.6log10(R), R in kilometers

	Inter site distance
	1.5km

	Penetration loss
	10dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 20 dB

	Total BS TX power
	46dBm 

	Minimum distance between MS and cell
	35 meters

	Target block error rate
	10 %

	HARQ
	Chase combining with maximum retransmission 4,

Asynchronous HARQ

	OFDM symbols per subframe
	6

	Scheduling Criterion
	Proportional Fair 

	Users per sector
	10

	Link Mapping
	RBIR

	Other Cell interference
	8 dominant interferers

	CQI feedback delay
	3 subframes

	CQI, PMI feedback method
	Whole 12 subband

	CQI, PMI feedback period
	Every frame

	Rank feedback period
	Every Superframe

	Channel Scenario
	Mandatory Scenario

(Zero correlated channel and 

Spatially correlated channel : 4
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 and 0.5
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antenna spacing)
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