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1.
Introduction

This document presents detailed proposals for the HS-SCCH and HS-SICH channel structures for LCR TDD
. The same principles can be applied to HCR TDD as well.

2.
Proposed Channel Structures

2.1 HS-SCCH

This section describes the proposed channel structure for the HS-SCCH.

2.1.1
Information Fields

The HS-SCCH must carry the following information fields [1] :

1.
Transport-format and Resource related Information (TFRI)

· Resource Allocation
13 bits (as proposed in [2[)

· Modulation Format
1 bit

· Transport Block Set Size + Transport Channel Identity
6 bits

2.
Hybrid-ARQ-related Information (HARQ information)

· Hybrid-ARQ Process Number
3 bits

· Redundancy Version
2 bits

· New Data Indicator
1 bit

3.
UE Identification Information

· UE Identifier
10 bits

The UE Identifier information will be incorporated into the 16 bit CRC. Hence the HS-SCCH must carry a total of 26 information bits plus a 16 bit CRC, giving a total payload of 42 bits.

2.1.2
Information Field Coding and Multiplexing

It is proposed that only existing slot formats be used for the HS-SCCH. Since the HS-SCCH does not have a TFCI, but may optionally carry TPC and SS bits for the HS-SICH, this restricts the HS-SCCH to using either Slot Format 0 or Slot Format 5 (see [3]), which have payloads of 88 bits and 84 bits respectively. The normal rate matching algorithm can be used to adapt the encoded block size to the actual slot payload.

To simplify the decoding of the HS-SCCH for the UE, it is proposed to use the R99 coding and multiplexing chain as much as possible. To FEC code the information fields, there is a choice of either the convolutional or turbo coder. Simulations have shown that the performance of these is similar in this case, due to the small code block size, and hence convolutional coding is preferred as this is simpler for the UE to decode.

There are 2 available convolutional code rates; ½ rate and ⅓ rate. ½-rate coding yields an encoded block size of 100 bits, which can only be accommodated by Slot Format 5 with a puncture rate of 16 %. Simulations have shown the performance of this to be poor in the IndoorA environment for the required 1% BLER, and hence it is proposed to use 2 codes for the HS-SCCH. For the increased payload of 172 bits, ⅓-rate coding with 15 % repetition was found to give better performance.

The proposed channel coding scheme for the HS-SCCH thus looks as follows for Slot Format 5. Note that the field sizes are not to scale.
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Figure 1 : Proposed Coding and Multiplexing Scheme for the HS-SCCH 

The R99 chain can be used to encode and decode the HS-SCCH.

For HCR TDD, the same principles can be used. The only difference is the number of bits for the TFRI (see [2]) and the number of physical resources, which should be one code only.

2.1.3
HS-SCCH Performance

The performance of the proposed HS-SCCH channel structure was evaluated primarily for the IndoorA channel, as experience has shown that this is by far the most demanding environment in which the TDD system must operate. The results for a UE speed of 3 km/hour are shown in Figure 2 below. It can be seen that, when power control and transmit diversity are used, an Es/N0 of over 20 dB is required to meet a 1% BLER target. When power control and transmit diversity are applied, however, this reduces to a more reasonable 10 dB. The performance in the VehicularA channel was found to be better than that in the IndoorA channel.
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Figure 2 : HS-SCCH Performance in the IndoorA Environment at a Speed of 3 km/h

2.2 HS-SICH

This section describes the proposed channel structure for the HS-SICH.

2.2.1
Information Fields

The HS-SICH must carry the following information fields [1] :

1.
Acknowledgement of HS-DSCH Transmission

· ACK / NAK
1 bit

2.
Quality Indicator (as proposed in [4])

· Recommended Transport Block Set Size
6 bits

· Recommended Modulation Format
1 bit

Hence the total number of information bits to be carried by the HS-SICH is 8 bits.

2.2.2
Information Field Coding and Multiplexing

As for the HS-SCCH, it is proposed to use an existing slot format for the HS-SICH rather than define a new one. Since the HS-SICH does not require a TFCI, but may require TPC bits to power control the HS-SCCH, then Slot Formats 0 and 5 are suitable, with payloads of 88 and 84 bits respectively.

Error detection is important for both fields, and must be performed separately for both fields as an error in the Quality Indicator field should not cause the ACK/NAK field to be discarded. Since the field sizes are so small, it is proposed to use simple block codes for error detection, rather than the normal CRC. This would also allow the NodeB to optionally perform some error correction if errors were detected in either of the fields. Block coding will be used alone in preference to concatenated coding using either the convolutional or turbo coder, since no benefit is expected from this.

Since the ACK/NAK field contains only 1 bit of information, and must be coded separately from the Quality Indicator, then simple repetition coding is proposed for this field. For the Quality Indicator field, it is desired to use an existing R99 block coding scheme, rather than introducing a new one, and the only block coder specified for R99 is the TFCI coder. Directly coding the 7 bits of this field using the TFCI coder is one possibility, giving a (32, 7) block code. Another possibility, however, is suggested by the fact that using only the first 6 basis codes of the 2nd order (32, 10) Reed-Muller code yields a 1st order (32, 6) Reed Muller code with a minimum distance of 16. The R99 TFCI encoder and decoder can be used unmodified to encode and decode this code, though better decoding performance will be achieved using a reduced implementation of the decoder which recognises that only the first 6 basis sequences are being used (i.e. that the 4 MSBs are set to zero).

Hence it is proposed to code the 6 bits of the Recommended Transport Block Set Size separately from the 1 bit Recommended Modulation Format. This bit can be encoded using simple repetition coding to also give a minimum distance of 16. This scheme has the additional advantage that the Recommended Transport Block Set Size and Recommended Modulation Format fields can be separately decoded.

The proposed channel coding scheme for the HS-SICH thus looks as follows for Slot Format 5. Note that the field sizes are not to scale.
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Figure 3 : Proposed Coding and Multiplexing Scheme for the HS-SICH 

For Slot Format 0, the repetition coding on the ACK/NAK field would be extended to 40 bits.

3.
Conclusions

Channel structures have been proposed for the HS-SCCH and HS-SICH used by LCR TDD HSDPA. The principles can be also used for HCR TDD, the only difference being the number of bits for the TFRI coding and the number of physical resources for the HS-SCCH. It is proposed to include corresponding text proposals into TR25.858.

For HCR TDD, the same principles can be used with a little modification of the repetition factors.
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� 	The channel terminology is aligned with the current assumptions of RAN2, see draft CR for TS25.302. In TR25.858 these channels are named SCCH-HS and HICH, respectively.
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