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1 Introduction

For each HS-DSCH TTI, each Shared Control Channel carries HS-DSCH-related downlink signalling for one UE. 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)

Two different alternatives for CRC attachment and two channel coding alternatives are described in TR 25.858 [1] (also see Table 1). In this paper we compare the HS-SCCH coding alternatives with single and two convolution coders assuming TTI-staggering (2.0ms) between HS-SCCH and HS-DSCH 5. With TTI-staggering part-1 information is available after 2 slots leaving 1-slot for UE processing before the start of HS-PDSCH TTI.

Table 1 HS-SCCH CRC and coding alternatives

	CRC alternative 1 (single CRC) and coding alternative 1 (two coders)
	Alternative 1.1

	CRC alternative 1 (single CRC) and coding alternative 2 (single coder)
	Alternative 1.2

	CRC alternative 2 (two CRCs) and coding alternative 1 (two coders)
	Alternative 2.1

	CRC alternative 2 (two CRCs) and coding alternative 2 (single coder)
	Alternative 2.1


The performance of coding alternative 1 and coding alternative 2 is at 1% FER is compared in Table 2. For CRC alternative 1, the scheme with single coder provides 0.7-1.0dB performance improvement over the scheme with 2 coders. For CRC alternative 2, the performance of the two coding alternatives is similar.

Table 2 Performance comparison of HS-SCCH CRC and coding alternatives

	
	AWGN
	3.0Km/h
	30.0Km/h
	120.0Km/h

	Gain of alternative 1.2 over alternative 1.1
	0.7dB
	0.9dB
	1.0dB
	0.9dB

	Gain of alternative 2.2 over alternative 2.1
	-0.1dB
	0.0dB
	0.4dB
	0.0dB


It is also interesting to look at the performance of the two coding alternatives when a UE does not need to decode part-1 before the start of HS-PDSCH TTI. This will, for example, be the case when only a small number of codes is allocated to HS-DSCH (e.g. 5 codes). Then UEs may not need to decode the part-1 before the start of HS-DSCH TTI because with minimum UE capability of 5 codes, all UEs can receive the whole HS-DSCH transmission on all codes. Similarly, the high-end UEs (15 codes UE capability) may not need to decode the part-1 before the start of HS-DSCH TTI. Note that all UEs with UE code capability greater than the codes allocated to HS-DSCH may not need to decode the part-1 before the start of HS-PDSCH TTI. Therefore both part-1 and part-2 can be decoded after the whole HS-SCCH TTI has been received. In this case, the scheme with single coder provides further improvement over the scheme employing separate coders for part-1 and part-2 as shown in Table 3.

Table 3 Performance comparison when early decoding of part-1 info is not needed

	
	AWGN
	3.0Km/h
	30.0Km/h
	120.0Km/h

	Gain of alternative 1.2 over alternative 1.1
	1.0dB
	1.2dB
	1.3dB
	1.6dB

	Gain of alternative 2.2 over alternative 2.1
	0.7dB
	0.7dB
	0.8dB
	1.0dB


Note that with a single coder it is also possible to correct errors in part-1 after the whole HS-SCCH TTI has been received. For example, if the part-1 early decoding indicated 10 codes HS-DSCH transmission. After receiving the whole TTI, part-1 info turned out to be 5 codes that are sub-set of the 10-codes. Then the UE can simply keep the 5 codes transmission while discarding the other 5 codes.  Note that part-1 info decoded after the whole HS-SCCH TTI is more reliable than that obtained with early decoding.

2 Coding for HS-SCCH

2.1 CRC Alternative 1

2.1.1 Channel coding Alternative 1 (1.1)
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Figure 1 HS-SCCH coding for alternative 1.1

2.1.2 Channel coding Alternative 2 (1.2)
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Figure 2 HS-SCCH coding for alternative 1.2

2.2 CRC Alternative 2

2.2.1 Channel coding Alternative 1 (2.1)
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Figure 3 HS-SCCH coding for alternative 2.1

2.2.2 Channel coding Alternative 2 (2.2)
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Figure 4 HS-SCCH coding for alternative 2.2

3 Simulation Results

The simulations were performed for AWGN, 3, 30 and 120 Km/h speeds. The HS-SCCH is power controlled based on the Channel quality indication (CQI). The CQI delay is assumed to be 3-slots. The HS-SCCH power is unchanged during a TTI. All results assumed STTD. 

3.1 Performance with early decoding at 2-slots

The performance for CRC alternative 1 and coding alternatives 1 and 2 is given in Figure 5. It can be seen that the coding alternative 2 using a single coder provides 0.7-1.0dB better performance compared to the coding alternative 1. The performance for CRC alternative 2 is compared in Figure 6. The performance of the two coding alternatives in this scheme is similar with coding alternative 2 (single coder) better by 0.4dB at 30.0Km/h speed.
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Figure 5 Performance comparison of alternative 1.1 and 1.2
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Figure 6 Performance comparison of alternative 2.1 and 2.2

3.2 Performance comparison without early decoding

The performance comparison for the case where part-1 information is not needed before the start of HS-DSCH TTI, the coding alternative 2 (single coder) is 1-1.6dB better for CRC alternative 1 and 0.7-1.0dB better for CRC alternative 2 respectively (see Figure 7 and Figure 8).
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Figure 7 Performance comparison of alternative 1.1 and 1.2 without early decoding
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Figure 8 Performance comparison of alternative 2.1 and 2.2 without early decoding

3.3 Performance comparison of the CRC alternatives

The performance comparison of the two CRC alternatives for coding alternative 1 is given in Figure 9. It can be seen that the CRC alternative 2 (with two CRCs) needs roughly 1.0dB more power compared to a single CRC scheme. Note with CRC alternative 1 some power will be needed for HI as well that is not considered in this comparison. 
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Figure 9 Performance comparison of CRC alternative 1 and alternative 2 for coding alternative 2

4 Conclusions

A detailed performance comparison of two CRC alternatives and two coding alternatives is provided. Following conclusions can be drawn from these results:

· For CRC alternative 1 (single CRC), the coding alternative 2 using a single coder provides 0.7-1.0dB better performance compared to the coding alternative 1. For CRC alternative 2, the performance of the two coding alternatives is similar except at 30.oKm/h where with coding alternative 2 (single coder) is better by 0.4dB.

· When part-1 information is not needed before the start of HS-DSCH TTI, the coding alternative 2 (single coder) is 1-1.6dB better for CRC alternative 1 and 0.7-1.0dB better for CRC alternative 2 respectively. Note that in some cases, a scheme using single coder can also correct errors in the part-1 info.

· CRC alternative 2 (with two CRCs) needs roughly 1.0dB more power compared to a single CRC scheme. Note with CRC alternative 1 some power will be needed for HI as well which was not considered.

The selection of a CRC and coding alternative depends upon the decision on HI and staggering time between HS-SCCH and HS-PDSCH. Based on the results presented in this contribution, we propose the following:

If TTI-staggering (2.0ms) proposal is accepted for HS-SCCH timing:

· CRC alternative 1 with coding alternative 2 (single coder) can be used in the presence of HI.

· CRC alternative 2 with coding alternative 2 (single coder) can be used in the absence of HI.

If the staggering between HS-SCCH and HS-PDSCH is kept unchanged at 2-slots:

· CRC alternative 1 with coding alternative 2 (single coder) can be used in the presence of HI.

Not that with 2-slot staggering, CRC alternative 2 leads to 4.0dB-imbalance [2] between part-1 and part-2 power and is thus not recommended.
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