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1 Introduction

In the past RAN1 meetings, a number of contributions addressed the possible HS-SCCH design on the downlink (see e.g. [1]-[5]).  As scheduled non-precoded pilots were agreed at the last meeting, the HS-SCCH now needs extra capacity to support transmission of the extended rank and larger PCI.  The following agreements were made at the last meeting:
· 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
In this contribution we study different code rates for Part I while keeping the existing structure for part II. To this end, we also propose a puncturing pattern for each case. 
2 Discussion

2.1 Number of information bits in HS-SCCH 
To accommodate extended rank and precoding weight information, the possible number of information bits in HS-SCCH is summarized in Table 1.  For part II, the existing structures as that of Rel-7 are kept unchanged, and hence the number of bits is only different according to the number of transport blocks transmitted. 
For the extended part I, the precoding weight information has to be extended from 2 to 4 bits due to the agreed LTE MIMO codebook. The modulation scheme information field size may be either considered unchanged (i.e., by forcing the modulation order of the secondary block to be no larger than that of the primary block; see Table 14: Mapping of xms in [6] for more details), or relieved from such a restriction. The aforementioned two possibilities are listed as Option I and II, respectively, in Table 1.
In general, Option II is more flexible and has also been studied in [1]

 REF _Ref329960835 \n \h 
[3]

 REF _Ref329954934 \n \h 
[4]. We will therefore focus on Option II in the following and investigate a suitable channel coding rate for the HS-SCCH part I.

Table 1: Number of possible information bits in HS-SCCH
	
	4-branch DL MIMO HS-SCCH Option I
	4-branch DL MIMO HS-SCCH Option II

	Part I
	
	

	Channelization-code-set information
	7
	7

	Modulation scheme and number of transport blocks information
	4
	5

	Precoding weight information
	4
	4

	Total
	15
	16

	Part II
	1 codeword
	2 codeword
	1 codeword
	2 codeword

	Transport-block size information
	6
	12
	6
	12

	Hybrid-ARQ process information
	4
	4
	4
	4

	Redundancy and constellation version12
	2
	4
	2
	4

	Total
	12
	20
	12
	20


2.2 Channel coding and rate matching for part I
In current versions of the specifications, a rate 1/3 convolutional coding is used in part I of the HS-SCCH  (all types).  Since more information bits are now introduced in part I, which generally leads to a higher puncturing, it might be worth considering whether a rate 1/2 provides better performance when compared to rate 1/3 encoding.  In the following, we consider both the rate 1/2 and the rate 1/3 convolutional codes for part I, and leave the part II encoding unchanged.  We summarize the number of bits before and after rate matching for each case in Table 2:
Table 2: Summary of the rate matching for 4-branch DL MIMO HS-SCCH
	1TB
	2TB

	
	Code rate
	# bits before rate matching
	# bits after rate matching
	# bits before rate matching
	# bits after rate matching

	Part I
	1/3
	72
	40
	72
	40

	
	1/2
	48
	40
	48
	40

	Part II
	1/3
	108
	80
	132
	80


The puncturing pattern design may have a significant impact on the system performance.  For the new puncturing patterns needed for the cases under study, we extended the existing punctured pattern for HS-SCCH type 3 (refer Section 4.6B.6 in [6] for more details) as described below.
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Figure 1: Punctured pattern for HS-SCCH type 3 (part I) from 4.6B.6 [6]
Figure 1 shows the existing punctured pattern (rate matching) for HS-SCCH type 3. From the input sequence z1,1, z1,2, …, z1, 60 the bits z1,1, z1,2, z1,4, z1,6, z1,8, z1,12, z1,15, z1,18, z1,21, z1,24, z1,37, z1,40, z1,43, z1,46, z1,49, z1,53, z1,55, z1,57, z1,59, z1,60 are punctured to obtain the output sequence r1,1,r1,2…r1,40. We can observe that the punctured pattern can be characterized as rotational symmetry. That is, the pattern is unchanged if we apply a composition of reflections about the axis-x and axis-y (no specific order) to it. In addition, we observe from the punctured patterns of the part II from 4.6B.6 [6] that the head and tail bits are punctured more often than the bits in the middle.
Hence, by following the same concept, one possible punctured pattern for rate 1/3 convolutional code can be: z1,1, z1,2, z1,3, z1,4, z1,5, z1,6, z1,7, z1,8, z1,12, z1,15, z1,18, z1,21, z1,24, z1,27, z1,30, z1,33, z1,40, z1,43, z1,46, z1,49, z1,52, z1,55, z1,58, z1,61, z1,65, z1,66, z1,67, z1,68, z1,69, z1,70, z1,71, z1,72, and Figure 2 depicts the proposed punctured pattern.
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Figure 2: Proposed punctured pattern for rate 1/3 convolutional code
Similarly, the possible punctured pattern for rate 1/2 convolutional code can be: z1,1, z1,2, z1,4,, z1,6, z1,43, z1,45, z1,47, z1,48, and Figure 3 depicts the proposed punctured pattern.
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Figure 3: Proposed punctured pattern for rate 1/2 convolutional code
2.3 Simulation results
The rate 1/2 and rate 1/3 convolution codes with the puncturing patterns as described above are simulated in AWGN.  The detection thresholds for part-I have been optimized for a false alarm probability (PF) of 1% and 0.1% for each simulation point.  Both 1TB and 2 TBs cases are considered in the analysis.

Figure 4 shows the Error probability (PE) vs. Eb/No for PF = 1% for TB=1 and 2. For TB=1, rate 1/2 case requires about 2.8dB less than rate 1/3 case to reach the same PE = 0.1%.  For TB=2, rate 1/2 case requires about 1.8dB less than rate 1/3 case to reach PE = 0.1%.
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Figure 4: Error probability vs. Eb/No (dB) for TB=1 and 2
Figure 5 shows the Eb/No vs. miss probability (PM) when PF = 1% and 0.1%.  Although in general the rate 1/3 code generally achieves lower PM, the results show that both rate 1/2 and rate 1/3 code achieve PM below 0.1%  for practical Eb/No operating points.
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Figure 5: Miss probability vs. Eb/N0 (dB)
In view of the simulations results, we conclude that the rate 1/2 convolution code provides better performance under the same false alarm probability than the rate 1/3 convolution code.  While the miss probability may be larger for the rate 1/2 case, it is nonetheless extremely low for the expected operating point.  
3 Conclusion

On the basis of our analysis and simulation results, we propose that the 4-branch DL MIMO HS-SCCH design should employ rate 1/2 convolutional code: 
Proposal:   Adopt rate 1/2 convolution encoding for HS-SCCH part I.
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