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1. Introduction

This contribution discusses the signaling of the High Speed Shared Control Channel (HS-SCCH) when no HI bit is considered on the associated dedicated channel.

In the current HSDPA FDD system concept, the UE reads the High Speed Downlink Shared Channel (HS-DSCH) Indicator (HI) bits in the associated dedicated channel in order to identify the related HS-SCCH.  However use of HI may introduce the following concerns: puncturing of the associated DL DPCH and HI reliability. The removal of HI from the HSDPA specification has been supported by many companies. If HI is absent, a UE may need to monitor up to four HS-SCCHs, which causes the increment of the UE complexity. That is, the UE may find its control message on any one of up to four channelization codes.  

2. Alternatives evaluated
There are two basic approaches, physical layer signaling and in-band signaling.  Generally, physical layer signaling requires shorter processing time while in-band signaling would tend to be more reliable.

Furthermore, for in-band signaling, the existing working assumption is that the UE monitors the set of HS-SCCH channels potentially assigned to it, to finds the one addressed to it.  . 

Current FDD HS-SCCH bit is mapping to 120 bits. For each HS-DSCH TTI, each HS-SCCH carries HS-DSCH-related downlink signaling for a UE. The UE can be aware of up to 4 HS-SCCHs but more than 4 HS-SCCHs can be configured per cell. In case multiple HS-SCCHs are configured for a UE, the downlink DPCH carries an HS-DSCH Indicator (HI). The HI is used to point to the HS-SCCH for the scheduled user.

According to TR25.858, the following information is carried on the HS-SCCH

	Parameter
	Number of information bits

	TFRI
	Channelization code set
	7 bits

	
	Modulation
	1 bit

	
	Transport block set size
	6 bits

	HARQ
	HARQ process identifier
	3 bits

	
	New data indicator
	1 bit

	
	Redundancy version 
	2 bits

	CRC UE ID
	10 bits


The HS-SCCH information is split into two parts:

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

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

Figure 1 illustrates the CRC attachment for HS-SCCH. Figure 2 shows an example of the current HS-SCCH bit mapping.
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Figure 1. CRC attachment for HS-SCCH
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Figure 2: An example of Current FDD HS-SCCH bit mapping

2.1. Alternative 1: "HS-SCCH Identification using Reed Muller UE ID"

This alternative uses a combination of physical layer and in-band signaling to permit a faster and less power consumptive process for the UE to determine its applicable HS-SCCH message.. The (32,10) Reed Muller encoder is used to encode 10 bit UE ID, which is used for HS-SCCH detection. The 40 bits information field is then encoded using R99/R4 ½ rate convoluational coding and is mapped by the rate matching process to fill 120 channel bits.

Figure 3 shows the proposed HS-SCCH bit mapping for Alternative-1. Although we do not need Nt bits (intermediate Tail bits used to apply separate convolutional coding to Part1+CRC-1), because the UE is identified at very first stage HS-SCCH identification using physical layer signaling. However, we considered both case with and without Nt bits, to avoid further reliability discussion.
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Figure 3. The proposed HS-SCCH bit mapping for alternative one (Nt=0) – Alternative 1
The UE may then, with high reliability select only the channel intended for it using the decoding process shown in the Figure 4. The UE only detects the part 2 of all 4 HS-SCCHs and compare it against the known value given its UE ID would have been sent. This is very fast process. 
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Figure 4.  Processing Chain

2.2. Alternative 2: "HS-SCCH Identification using Reed Muller UE ID and Reed Muller  for Part-1

Similarly in Alternative-1 above, this Alternative 2 proposes to use a combination of combination of physical layer and in-band signaling. In addition to using Reed Muller UE ID used also in alternative 1, we will use Reed Muller (32, 8) coding for Part-1. This means physical layer signaling is used for Part-1. Also we use only one CRC (including UE ID). Figure 5 shows proposed HS-SCCH bit mapping for Alternative 2. Note that this alternative does not require Nt (intermediate Tail bits).
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Figure 5. The proposed HS-SCCH bit mapping for alternative one (Nt=0) – Alternative 2
2.3. Comparison of results

Figure 6 shows the performance of the proposed alternative 1 scheme shown in figure 2 and the current scheme specified in TR25.858  as shown in figure 1has been evaluated under an AWGN channel.
Figure 7 and Figure 8 show the block error rate of Part-1 and Part-2 of the HS-SCCH payload, respectively, using the current scheme in Figure 2 and the proposed alternative-2 scheme in figure 3. From Figure 6, it can be seen that  the proposed scheme gains about 0.8 dB in SNR required for 10-2 block error rate of Part-1 over the current scheme. However it is observed in Figure 7 that the block error rate of Part-2 of the proposed scheme is higher than that of the current scheme.

It shall be noticed that the proposed scheme will require less processing delay than the current scheme, since the former uses physical layer signaling, while the latter uses in-band processing.

Figure 9 shows the block error rate the HS-SCCH payload, using the current scheme in TR25.858 and the proposed alternative-2 scheme. From the figure it can be seen that the performance of the proposed scheme is very close to that of the current scheme.
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Figure 6. Performance of the current scheme in TR25.858 and the proposed Alternative-1 scheme
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Figure 7. Part-1 block error rate vs. SNR, using the current scheme in TR25.858 and the proposed Alternative-2 scheme
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Figure 8.  Part-2 block error rate vs. SNR, using the current scheme in TR25.858 and the proposed Alternative-2 scheme
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Figure 9.  FDD HS-SCCH block error rate vs. SNR, using the current scheme in TR25.858 and the proposed Alternative-2 scheme

3. Conclusion

Alternative 2 is recommended for adaptation.
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