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1 Introduction

Several proposals for coding of the HSDPA Shared Control Channel (HS-SCCH) have been made (see [2] for a comprehensive list of the proposals). In order to evaluate the performance of each of the proposals, it is necessary to use appropriate metrics, failing which one may arrive at erroneous conclusions. In this document, we show that the appropriate metric is the power fraction, or, equivalently, the Ec/Nt, required to achieve a certain overall FER target for the HS-SCCH. 

2 HS-SCCH Structure

As mentioned in [2], for each HS-DSCH TTI, each Shared Control Channel (SCCH) carries HS-DSCH-related downlink signalling for one UE. The information carried on the Shared Control Channel is given in Table 1.

Table 1 HS-SCCH Information

	
	SCCH Field
	Size

[bits]

	Transport-format and Resource related Information (TFRI)
	Channelization code set
	7

	
	Modulation
	1

	
	Transport block set size and transport channel identity
	6

	Hybrid-ARQ-related Information (HARQ information)

	Hybrid-ARQ process number
	3

	
	Redundancy version
	2

	
	New-data indicator
	1


The Shared-Control-Channel information is split into two parts:

· Part 1: Channelization code set and modulation scheme (8 bits)

· Part 2:  Transport-block-set size + Transport-channel identity and Hybrid-ARQ-related information ([12] bits)

2.1 CRC attachment

Two methods are currently under consideration for CRC attachment to the HS-SCCH. For convenience, we shall consider only one of the two in this document, namely one in which a CRC of length 16 bits is calculated over Part 1 + Part 2 and appended to Part 2. UE identity is implicitly included in the calculation of CRC (for alternative 1) and CRC1 (for alternative 2). 

2.2 Channel coding

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

Two schemes are currently being considered for encoding the HS-SCCH information:

· Scheme 1: Parts 1 and 2 are separately encoded using the R’99 convolution coder. The encoded Part 1 bits are rate matched to fit into the first slot of the HS-SCCH, while the encoded Part 2 bits are rate matched to fit into the second and third slots of the HS-SCCH. This alternative allows for direct extraction of the time-critical Part 1 information before the start of the HS-DSCH TTI.
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Figure 1 HS-SCCH encoding for Scheme 1.

· Scheme 2: Parts 1 and 2 are jointly encoded using the R’99 convolution coder, and then rate matched to fit into the three slots of the HS-SCCH. Various options are available here for rate matching, depending upon when one wants to start decoding the time-critical Part 1 information bits. The details of one possible method are shown in Figure 2 below. (One other possible method for rate matching for Scheme 2 is presented in the Appendix.) For the design shown in Figure 2, decoding of the time-critical Part 1 information can be done by early decoding or “back-tracing” of the trellis after the 1st slot of the HS-SCCH is received. 
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Figure 2 A possible method of rate matching for Scheme 2. In this case, decoding of the time critical information, i.e., Part 1, starts after the 1st slot of the HS-SCCH is received.

3 Evaluation of the Two Schemes

It was decided in the RAN1 meeting in Jeju that one of the two schemes described in Section 2.2 would be adopted after an evaluation of their performance. In this document we discuss briefly the appropriate method of evaluating the performance of each scheme.

3.1 Ec/Nt vs Eb/No
Conventionally, FER vs Eb/No is used to study the performance of different coding schemes. However, for the HS-SCCH, the power fraction necessary to achieve a certain overall FER is of interest. As has been shown in [3], performance differences of 0.5 to 1 dB in Eb/No for the HS-SCCH can often translate to a significant difference in the available power fraction for the HS-DSCH. So, FER vs Ec/Ior can provide more insight into the performance of the two schemes. If we assume that the transmit power at Node-B is a constant for the duration of the transmission of a HS-SCCH frame, then, equivalently, we can look at FER vs Ec/Nt. (See [4] for a discussion on why it may not be possible to vary the transmit power at Node-B during the transmission of a HS-SCCH frame.) We also remark that inclusion of tail bits in calculating the required Eb/No can result in a misinterpretation of the performance of two schemes. For example, in Scheme 1 above, the Eb/No required to achieve a certain FER for Part 1 information is 3 dB lower if tail bits are included than when tail bits are not included. Since Scheme 2 does not attach any tail bits to Part 1, a cursory study of the performance of the two schemes can yield misleading conclusions. 
3.2 Overall FER

The FER for Parts 1 and 2 of the two schemes (where the rate matching for Scheme 2 is done according to Figure 2) as a function of Ec/Nt over an AWGN channel is shown in Figure 3 below. For convenience, we shall restrict ourselves to the AWGN channel in this document. A detailed analysis of the performance of the two schemes over a fading channel, as also the AWGN channel, is presented in [5]. Note that the Ec/Nt required to achieve an FER of 1% for Part 1 is 2 dB lower than that required to achieve the same performance in Scheme 2.  But, the Ec/Nt required to achieve an FER of 1% for Part 2 is approximately 2.5 dB higher than the corresponding requirement for Part 1 in Scheme 1. This difference in Ec/Nt requirements will be referred to as imbalance in the sequel. (See [4] for a discussion on the effect of imbalance on power requirements for the HS-SCCH.) Although, the Ec/Nt required to achieve a certain desired FER on the HS-SCCH will eventually depend on the worse of the two FERs, it is difficult to derive any conclusion on the performance of the two schemes from Figure 3. 
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Figure 3 FER for Parts 1 and 2 for the two schemes vs Ec/Nt.

In fact, the performance metric of interest should be the probability that the HS-SCCH is in error, or, the overall FER vs Ec/Nt. Note that the HS-SCCH will be in error if either Part 1 or Part 2 is in error. One may be tempted to evaluate the overall FER from the FER vs Ec/Nt curves for Parts 1 and 2 for each of the two schemes by assuming that an error event for Part 1 is independent of an error event for Part 2. This assumption is certainly true for Scheme 1 over an AWGN channel, since the two parts are encoded independently (see Section 2.2). However, this assumption is not justifiable for Scheme 2 because the two parts are encoded together in this scheme. As a result, the error events can be correlated. Consequently, even if the FER for both Part 1 and Part 2 are identical for the two schemes, the overall FER need not be identical
. Figure 4 below plots the overall FER for the two schemes as a function of Ec/Nt, and this plot reflects the true performance of the two schemes. 
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Figure 4 Overall FER for the two schemes vs Ec/Nt.

4 Conclusions

In order to analyze the performance of the two schemes under consideration for HS-SCCH coding, the appropriate criteria is the overall FER of the HS-SCCH vs Ec/Nt. Note that the HS-SCCH is in error whenever Part 1 or Part 2 is in error. Furthermore, we have shown in Section 3, it is difficult to derive any conclusions about the performance of any of the two schemes by simply looking at the FER for each of the two parts of the HS-SCCH.
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6 Appendix

As mentioned in Section 2, rate matching for Scheme 2 can be accomplished in many ways depending on when one wants to start decoding Part 1 information bits. In Figure 5 below, we show one manner of rate matching where decoding of Part 1 starts after 60 coded bits, i.e., 1.5 slots, have been received. The performance of this version of Scheme 2 over the AWGN channel is presented in Figure 6 below. 
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Figure 5 Rate matching for Scheme 2 if decoding of Part 1 can start after 60 coded bits, i.e., 1.5 slots, have been received.

[image: image6.emf]1.00E-04

1.00E-03

1.00E-02

1.00E-01

-24 -23 -22 -21 -20 -19 -18

Ec/Nt in dB

Overall FER

Scheme 1: Overall FER Scheme 2: Overall FER


Figure 6 Overall FER for the two schemes vs Ec/Nt. Scheme 2 is as described in Figure 5 above. 


































� For example, if the channel is independent from one slot to another, as is the case in the AWGN channel, then there is a positive correlation between the FER of Part 1 and Part 2 in Scheme 2. In such cases, the true overall FER for Scheme 2 is lower than that obtained by making the independence assumption mentioned above.
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