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1 Introduction

In the last WG1 meeting several contributions about channel coding and error detection for HS-SCCH were presented. In [1], TFCI block coding was proposed for the first part of HS-SCCH (channelisation codes + modulation scheme) and punctured rate 1/3 convolutional code for the second part. In [2], a single rate 1/3 convolutional code was proposed for the whole HS-SCCH block using either unequal puncturing or splitting of tail bits. In [3], RS codes were proposed for HS-SCCH encoding. In all above proposals, a 16 bit CRC calculated over the whole HS-SCCH block was assumed. In [4], separate CRCs were proposed for the first and second part of the HS-SCCH block as well as convolutional coding with two sets of tail bits. The conclusion from the last WG1 meeting as reported in the TR [5] is that convolutional coding will be used for channel coding. However, two possible alternatives with separate or joint coding for the two parts are presented in the TR. Also, for the CRC there are two alternatives: a 16 bit UE specific CRC over the whole block or a 12 bit UE specific CRC over the first part and an 8 bit CRC at the end over the whole block. In this contribution, these alternatives are discussed and a proposal is made.

2 Error detection

In the joint HSDPA AdHoc it was agreed that a 16 bit UE specific CRC (implicit 16 bit UE id) would be used on HS-SCCH. However, in [4] it was proposed to have two CRCs: a 12 bit CRC for the first part with an implicit 10 bit UE id and an 8 bit CRC for the second part. Furthermore, it is claimed that this structure has a slightly better performance than the structure with a 16 bit CRC.

It is not explained in [4] whether the second CRC is calculated only over the second part of the HS-SCCH block or over the whole block. If the second CRC is calculated over the whole block (as propose in the TR) then it is true that the first part gets fairly good protection against undetected errors (although it is not self evident that two CRCs of length 12 and 8 together have better error detection capability than a single 16 bit CRC). Therefore, the false alarm rate in the UE id detection is small enough for a 10 bit UE id (which has not been defined by WG2). 

However, the undetected error probability of the HARQ and some TF parameters may be too high since they are only protected with the 8 bit CRC. An undetected error in the HARQ parameters typically causes incorrect combining, either the combining is done on top of some other HARQ process or a wrong redundancy version is assumed, which also corrupts the contents of the soft buffer. Recovery from this kind of soft buffer corruption may take some time and typically the block originally in the soft buffer is lost (and has to be retransmitted by the RLC layer). Thus an undetected error in the HARQ parameters is even worse than a NAK->ACK error since in addition to lost block it causes extra MAC-HS retransmissions.

From undetected error probability point of view a single 16 bit CRC is desirable. Also, the 16 bit UE id defined at higher layers can directly be used with a 16 bit CRC.

3 Channel coding

According to the TR [5], the channel coding of HS-SCCH is based on Rel99 convolutional coding. There are, however, given two alternatives for the coding. In addition, there are two CRC alternatives leading to at least four different combinations. Here we consider the two CRC alternatives separately.

CRC alternative 1

In this alternative, part 1 contains 8 bits and part 2 contains 28 bits (including 16 bit UE specific CRC). For this alternative the single convolutional code approach may be applicable if the first half of the encoded bits are interleaved separately from the second half. Assuming 8 tail bits, there are in total 44 input bits to the convolutional encoder. Furthermore, assuming equal puncturing over the whole TTI (Rel99 rate matching), half of the input bits, i.e., 22 bits, will be transmitted during the first half of the TTI. Therefore, the early back-tracing could start approximately after two constraint lengths and the first 8 bits could be decoded with fairly good reliability. Addition of a few tail bits after the first part (as proposed in [2]) would improve the performance. This alternative results into a code rate of 11/30.

With this alternative only 8 bits from one HS-SCCH need to be decoded (since the HI is always sent on DPCH), therefore, half a slot processing time is deemed sufficient.

CRC alternative 2

In this alternative, part 1 contains 20 bits (8 bits + 12 bits CRC) and part 2 also 20 bits (12 bits + 8 bit CRC). However, as explained above, a 12 bit CRC might be required for the latter part, too, resulting into 24 bits for the part 2. Now the part 1 bits form (approximately) a half of the whole block and assuming equal error protection for all bits requires also (approximately) half of the encoded bits. Therefore, the transmission of the part 1 requires one and a half slots and there is only half slot left for the decoding. In this case early back-tracing without tail bits is not possible. Therefore, a two code approach is required (or equivalently a single code with two sets of tail bits after both parts). Note that rate matching can still be done once for the whole block, see Figure 1.

In summary, part 1 consists of 8 info bits + 12 bits CRC + 8 tail bits = 28 bits and part 2 consists of 12 info bits + 8 (or 12) CRC bits + 8 tail bits = 28 (or 32) bits and results into a code rate of 1/2.

With this alternative (if the HI is not transmitted) in total 80 bits (112 with tail bits) from four HS-SCCHs need to be decoded (with 256 state Viterbi) during half a slot which cause much higher processing load than CRC alternative 1. This corresponds to the same peak processing load as with 336 kbit/s data rate (112 bits/0.333 ms), i.e., 25 times more than with 12.2 kbit/s speech.
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Figure 1 Channel coding for HS-SCCH

Figure 1 shows the channel coding for HS-SCCH and is applicable for all CRC and coding alternatives when equal error protection is assumed for both parts. The convolutional encoding and rate matching can be carried out once for the whole block by simply adding an appropriate number of tail bits (Tail-1) after Part-1.

4 Conclusions

Channel coding and CRC alternatives have been discussed. The CRC alternative 1 with a single 16 bit UE specific CRC calculated over the whole HS-SCCH block is preferred since it has better error detection for all bits, it requires less info bits and therefore provides better error correction and finally requires much less processing in the UE. Therefore, it is proposed that the CRC alternative 1 is adopted with a single convolutional code approach and included in the TR. Text proposal is given in the annex.
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CRC attachment

CRC (16 bits) is calculated over Part-1 + Part-2 of HS-SCCH and attached to Part-2. 
· 
· 
UE identity (16 bits) is implicitly included in the calculation of CRC. 

Channel coding

Channel coding for the HS-SCCH is based on release 99 convolutional coding:

· 
· Part-1 and Part 2 are jointly coded and rate-matched to fit into the three slots of the SCCH-HS. The rate matching is applied equally to all HS-SCCH slots. By applying separate interleaving over, e.g., the first 1½ slots, this scheme also allows for extraction of the time-critical Part-1 information before the HS-DSCH TTI, e.g., by early back-tracing of the trellis-decoding process. The decoding performance of the Part-1 can be improved by adding some tail bits (Tail-1) after Part-1, see Figure 4. The number of Tail-1 bits is FFS. The number of Tail-2 bits is 8.  
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Figure 4 Channel-coding for HS-SCCH
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CRC alternative 1: �Part-1: Channelization-code set + modulation scheme (8 bits)



Part-2: Transport-format + Transport-channel ID + HARQ-related information + CRC (28 bits)







CRC alternative 2: �Part-1: Channelization-code set + modulation scheme +CRC1 (20 bits)



Part-2: Transport-format + Transport-channel ID + HARQ-related information + CRC2 (20 bits)
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