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1. Introduction

In RAN1#69, the following agreements were made on 4-branch MIMO HS-SCCH:

Agreements:

· Extend Part I for HS-SCCH type 3 to accommodate extended rank and PCI

· Puncturing pattern and code rate for Part I is FFS

· For Part II, keep the existing structure as that of Release 7 MIMO

As stated in the agreements, design details of HS-SCCH part I is needed. In this paper, we first give the overall coding scheme for 4-branch MIMO HS-SCCH Part I. Then, the channel coding and rate matching schemes are discussed in detail. Proposed channel coding and rate matching are given based on link level simulation results.
2. Discussion
2.1 Coding for-4 branch MIMO HS-SCCH
As has been discussed in [1], 4-branch MIMO HS-SCCH Part I would add 2 bits in Modulation and 2 bits in PCI, based on HS-SCCH type 3. As a result, the new HS-SCCH Part I contains a total of 16 bits information:
-
Channelization-code-set information (7 bits): 








xccs,1, xccs,2, …, xccs,7
-
Modulation scheme, number of transport blocks information and layer number (5 bits): 

xms,1, xms,2, xms,3, xms,4, xms,5
-
Precoding weight information (4 bits): 










xpwipb,1, xpwipb,2, xpwipb,3, xpwipb,4
Part II of the 4-branch MIMO HS-SCCH would be kept the same as that of the HS-SCCH type 3.
The overall coding chain of HS-SCCH could the same as that for HS-SCCH type 3, which is illustrated in Figure 1:
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Figure 1 Coding chain of HS-SCCH

2.2 General changes in 4-branch MIMO HS-SCCH part I

Since the rank range and the PCI codebook size are increased, the following aspects need to be modified:
· The configuration of mapping of the modulation scheme, number of transport blocks and layer number xms,1, xms,2, xms,3, xms,4, xms,5 should be modified and one example of the mapping is given in Table A in Appendix.

· The configuration of the precoding weight information xpwipb,1, xpwipb,2, xpwipb,3, xpwipb,4 can reuse the LTE R8’s codebook, which is the current working assumption on codebook design.

· Since the maximum number of transport blocks supported by 4-branch MIMO is the same as 2-branch MIMO, the configuration of channelization code-set mapping xccs,1, xccs,2, …, xccs,7 can reuse the one designed for HS-SCCH type 3.

· The UE related configurations, UE identity mapping and UE specific masking for 4-branch MIMO HS-SCCH, can reuse the ones in HS-SCCH type 3.

· Since the number of bits in 4-branch MIMO HS-SCCH part I is increased, the multiplexing operation and CRC attachment operation of 4-branch MIMO HS-SCCH information need to be changed. 
· For multiplexing, the change can be:
x1,i = xccs,i

i=1,2,…,7

x1,i = xms,i-7

i=8,9,10,11,12
x1,i = xpwipb,i-12

i=13,14,15,16
· For CRC attachment, if 1 transport block is transmitted, a 16-bit CRC is calculated from x1,1, x1,2, …, x1,16, x2,1, x2,2, …, x2,12; if 2 transport blocks are transmitted, a 16-bit CRC is calculated from x1,1, x1,2, …, x1,16, x2,1, x2,2, …, x2,20. Other operations on CRC attachment are the same as the one in HS-SCCH type 3.
2.3 Channel coding and rate matching
Since the information bits in Part I is extended from 12 to 16, the channel coding and rate matching need to be modified. Since there are only 16 bits as the coding input for HS-SCCH Part I, convolutional coding (CC) should be used. According to the HS-SCCH Part I’s structure, there should be 40 bits after rate matching. For short code words, bits near the head and the tail of the frame have better protection than those in the middle. 
25.212 provides two configurations of CC, which are rate 1/2 and 1/3. We give the design options based on these coding rates:
· Option 1: Rate 1/3 CC
Since the number of input bits is 16, the number of output bits after 1/3 CC is 72. A rate matching pattern puncturing 32 bits out from 72 is needed. 2 examples of such pattern can be:
· Option 1a: 1,2,4,6,8,10,12,15,18,21,24,27,30,33,36,39,41,43,46,49,51,53,55,57,59,61,63,65,67,69,71,72
· Option 1b: 1,2,3,4,5,6,7,8,9,10,12,14,16,20,27,34,41,48,53,57,59,61,63,64,65,66,67,68,69,70,71,72
Figure 2 illustrates the bits that are punctured for Option 1a and Option 1b. A bit is punctured on the Bit Positions with value “1”. It can be seen that for Option 1a, bits are punctured evenly while for Option 1b, most of the head bits and tail bits are punctured.
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Figure 2 Rate matching pattern for Option 1a and Option 1b

· Option 2: Rate 1/2 CC
The number of output bits after rate 1/2 CC is 48. A rate matching pattern puncturing 8 bits out from 48 is needed. 2 examples of such pattern can be:
· Option 2a: 1, 7, 13, 19, 25, 31, 37, 43
· Option 2b: 1,2,4,8,42,45,47,48
It can be seen that Option 2a is punctured evenly. Option 2b is the pattern used for HS-SCCH type 1 Part I, where most of the head bits and the tail bits are punctured.
3. Link level simulations
The link level simulation is conducted in AWGN channel. 50000 simulations are performed for each point. HS-SCCH type 3 Part I is considered as the baseline performance. FER is the frame error rate for HS-SCCH Part I.
[image: image3.emf]-18 -17.5 -17 -16.5 -16 -15.5 -15

10

-4

10

-3

10

-2

10

-1

10

0

Ec/Ior (dB)

FER

HS-SCCH Part 1 FER

 

 

type 3

1/2 cc, Option 2a

1/2 cc, Option 2b

1/3 cc, Option 1a

1/3 cc, Option 1b


Figure 3 HS-SCCH Part I FER vs. Ec/Ior
From Figure 3, it can be seen that the curves for Option 1a, Option 1b and Option 2a are overlapped. Option 2b is about 0.2 dB better than the other 3 options. Normally, 1/3 CC provides better performance than 1/2 CC. However, Option 1a/1b punctures almost half of the encoded bits, and this would degrade the performance quite a bit. For Option 2a and 2b, it can be seen that puncturing more bits in the head and tail provides better performance.
According to the simulation results, we propose:
Proposal 1: 1/2 convolutional coding is adopted for the 4-branch MIMO HS-SCCH Part I.
Proposal 2: Rate matching pattern in HS-SCCH type 1 Part I is adopted for the 4-branch MIMO HS-SCCH Part I.
4. Conclusions
In this paper, we discussed the design of channel coding and rate matching for 4-branch MIMO HS-SCCH Part I. Link level simulation results have shown that rate 1/2 with HS-SCCH type 1 rate matching pattern performs better than rate 1/3. Based on the simulation results, we propose:
Proposal 1: 1/2 convolutional coding is adopted for the 4-branch MIMO HS-SCCH Part I.
Proposal 2: Rate matching pattern in HS-SCCH type 1 Part I is adopted for the 4-branch MIMO HS-SCCH Part I.
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6. Appendix
Table A. Bit Mapping for 4 Branch MIMO HS-SCCH Part I
	Index (binary)
	Modulation of CW1
	Modulation of CW2
	Layer number 

	11101
	64QAM
	64QAM
	4

	11100
	
	
	3

	11011
	
	
	2

	11010
	64QAM
	16QAM
	4

	11001
	
	
	3

	11000
	
	
	2

	10111
	64QAM
	QPSK
	4

	10110
	
	
	3

	10101
	
	
	2

	10100
	64QAM
	n/a
	1

	10011
	16QAM
	64QAM
	4

	10010
	
	
	3

	10001
	
	
	2

	10000
	16QAM
	16QAM
	4

	01111
	
	
	3

	01110
	
	
	2

	01101
	16QAM
	QPSK
	4

	01100
	
	
	3

	01011
	
	
	2

	01010
	16QAM
	n/a
	1

	01001
	QPSK
	64QAM
	4

	01000
	
	
	3

	00111
	
	
	2

	00110
	QPSK
	16QAM
	4

	00101
	
	
	3

	00100
	
	
	2

	00011
	QPSK
	QPSK
	4

	00010
	
	
	3

	00001
	
	
	2

	00000
	QPSK
	n/a
	1
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