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IEEE 802.16m Amendment Text Proposal for 8Tx Codebook (AWD - 15.3.7.2.6.6.2.3)
Seunghyun Kang, Sunam Kim, Bin-Chul Ihm and Wookbong Lee
LG Electronics
1. Introduction

The current AWD has 8Tx codebook of 4bit size per rank which provisions enough beamforming gain for highly correlated case. When applying this 8Tx codebook for uniform linear array and cross polarized antenna, we can observe that several entries of the codebook for rank 2 does not play a role as shown in Figure 1. The last 8 entries of codebook for rank 2 are identified as unimportant entries through SLS. This contribution suggests the new entries of codebook for rank 2 to enhance the performance of SU-MIMO. 
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Figure. 1 Codebook matrix selection ratio when using AWD codebook for rank 2 under ULA and XPOL. 

In Figure 1, XPOL type 1 and 2 means the two types for antenna indexing as shown in Figure 2.
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Figure. 2 Two types of antenna indexing for XPOL. 

2. Proposed 8Tx Codebook

We propose to replace the entries 8~15 of codebook for rank 2 with the following matrices:
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	Binary index
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	Base matrix
	C(8,2,4,m)

	1000
	8
	
[image: image4.wmf](

)

8:,:,4

V


	1 2

	1001
	9
	
	3 4

	1010
	10
	
	5 6

	1011
	11
	
	7 8

	1100
	12
	
[image: image5.wmf](

)

8:,:,5

V


	1 2

	1101
	13
	
	3 4

	1110
	14
	
	5 6

	1111
	15
	
	7 8


3. Performance comparison

For XPol type 2, the base matrices were modified as below:
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Figure 3 compares the selection ratio of the codebook matrices through the SLS based on the following simulation assumptions.

	Bandwidth
	10MHz (TDD)
	Antenna Configuration
	ULA, XPol

	ISD
	1.5km
	Antenna Spacing at BS
	0.5 λ

	Fading Channel
	Ped-B 3km/h
	# of Rx at MS
	2

	Center frequency
	2GHz
	Rank adaptation
	No. Only rank 2 used.
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(a) ULA                          (b) XPol type 1                       (c) XPol type 2
Figure. 3 Selection ratio of codebook matrices under several antenna configuration

The last 8 entries of the current codebook for rank 2 do not play important roles in both ULA and XPol antenna configuration as shown in Figure 3 while the proposed 8 entries show great contribution for XPol case. Figure 3 implies the block diagonal matrices or their permuted version are more proper base matrices for XPol configuration. Table 1 proves this implication in terms of sector throughput. The proposed codebook gives the amazing gain in XPol case without increasing feedback overhead whilst keeping the performance in ULA case. 
	Antenna configuration
	Codebook
	Average sector throughput
	Cell edge user throughput

	ULA
	AWD
	1.95 (100%)
	0.77

	
	Proposed
	1.95 (100%)
	0.77

	Xpol type 1
	AWD
	1.25 (100%)
	0.42

	
	Proposed
	2.94 (235%)
	0.86

	Xpol type 2
	AWD
	2.68 (100%)
	0.78

	
	Proposed
	2.94 (108%)
	0.86


Table 1. Throughput comparison through SLS
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5. Text proposal for inclusion in the 802.16m amendment
 [Remedy 1]
 Insert the following two matrices at line 43 page 254 of section 15.3.7.2.6.6.2.3.1 SU-MIMO base codebook
---------------------------------------------------   Text Start  ---------------------------------------------------
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----------------------------------------------------   Text End  ----------------------------------------------------
[Remedy 2] 
Replace Table 701 with the following table.
---------------------------------------------------   Text Start  ---------------------------------------------------

	Binary index
	m
	Base Matrix
	C(8,2,4,m)
	Base Matrix
	C(8,3,4,m)
	C(8,4,4,m)
	C(8,5,4,m)
	C(8,6,4,m)
	C(8,7,4,m)
	C(8,8,4,m)

	0000
	0
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	1 3 5
	1537
	12357
	123567
	1234567
	12345678

	0001
	1
	
	2 6
	
	2 4 6
	2648
	12468
	124568
	1234568
	n/a

	0010
	2
	
	3 7
	
	2 3 7
	3726
	23467
	234678
	1234678
	n/a

	0011
	3
	
	4 8
	
	1 4 8
	4815
	13458
	134578
	1234578
	n/a

	0100
	4
	
	5 3
	
	3 5 7
	5372
	23567
	234567
	2345678
	n/a

	0101
	5
	
	4 6
	
	4 6 8
	6481
	14568
	134568
	1345678
	n/a

	0110
	6
	
	2 7
	
	2 6 7
	7264
	24678
	124678
	1245678
	n/a

	0111
	7
	
	8 1
	
	1 5 8
	8153
	13578
	123578
	1235678
	n/a

	1000
	8
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	1 2 3
	1234
	12345
	123456
	1234567
	12345678

	1001
	9
	
	3 4
	
	1 2 4
	1246
	12456
	124567
	1245678
	n/a

	1010
	10
	
	5 6
	
	2 3 4
	2437
	23478
	123478
	1234578
	n/a

	1011
	11
	
	7 8
	
	1 3 4
	1348
	13478
	134678
	1234678
	n/a

	1100
	12
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	1 2
	
	5 7 8
	3578
	23578
	235678
	1235678
	n/a

	1101
	13
	
	3 4
	
	6 7 8
	4678
	14678
	145678
	1345678
	n/a

	1110
	14
	
	5 6
	
	5 7 6
	5678
	35678
	345678
	2345678
	n/a

	1111
	15
	
	7 8
	
	5 6 8
	1568
	13568
	123568
	1234568
	n/a
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