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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: 20 bits: Channelization code set and modulation scheme (8 bits) + 12 CRC bits

Part-2: 20 bits: Transport-block-set size + Transport-channel identity and Hybrid-ARQ-related information (12 bits) + 8 CRC bits

The HSDPA current timing assumes 2-slot staggering between HS-SCCH and HS-PDSCH. This requires that the part 1 information be decoded after 1-slot. Since the number of information bits in part 1 and part 2 are the same. The part 1 decoding after 1-slot results in 4.0dB power imbalance between part 1 and part 2 with part 1 requiring more power [2]. A 3-slot staggering approach that solves the power imbalance problem was presented in [2]. In this paper, we compare the HS-SCCH coding performance for the case of 2-slot staggering and TTI-staggering approaches.
2 Coding for HS-SCCH

The HS-SCCH coding for 2-slot and 3-slott (TTI) staggering is given in Figure 1and Figure 2 respectively.
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Figure 1 HS-SCCH coding with 2-slot staggering
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Figure 2 HS-SCCH coding with TTI-staggering

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. The tail bits for part 1 are always set to 8. All results assumed STTD. 

3.1 Performance with equal power in part 1 and part 2

The results presented in this section assume constant power over the HS-SCCH TTI for both the 2-slot and TTI-staggering schemes. In both the cases we assume 8 tail bits for part 1.  The performance comparison is given in Figure 3 through Figure 6 for AWGN, 3.0, 30.0 and 120.0Km/h speed respectively. It can be seen that the TTI-staggering approach provides approximately 2.0dB gain over the 2-slot staggering scheme.
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Figure 3 Performance comparison of 3-slot (TTI) and 2-slot staggering in an AWGN channel
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Figure 4 Performance comparison of 3-slot (TTI) and 2-slot staggering in at 3Km/h
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Figure 5 Performance comparison of 3-slot (TTI) and 2-slot staggering in at 30Km/h
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Figure 6 Performance comparison of 3-slot (TTI) and 2-slot staggering in at 120Km/h
3.2 Performance comparison with unequal power in part 1 and part 2

The performance of TTI-staggering with 2-slot staggering is shown in Table 1. For the 2-slot staggering case, unequal power is used in part 1 and part 2. The average Ec/Nt is computed for 0.5% FER for part-1 and part 2. This results in 1% overall HS-SCCH error rate. Note that the TTI-staggering scheme still provides up to 0.4dB gain over 2-slot staggering case. Note that in the case of TTI staggering the part 1 and part 2 information can be sent in the first 1.5-slot part and the second 1.5-slot part of the TTI as shown in Figure 2. This allows keeping the power constant over the HS-SCCH TTI.

Table 1 Performance comparison of TTI-staggering and 2-slot staggering with unequal power in part 1 and part 2

	Speed
	TTI staggering average Ec/Nt
	2-slot staggering average Ec/Nt
	Gain with TTI staggering

	AWGN
	-19.5
	-19.3
	0.2dB

	3km/hr
	-19.4
	-19.2
	0.2dB

	30km/hr
	-14.2
	-13.8
	0.4dB

	120km/hr
	-13.1
	-12.7
	0.4dB


4 Conclusions

The HS-SCCH performance is compared for the case of 2-slot staggering between the HS-SCCH and HS-PDSCH and 3-slot (TTI) staggering between HS-SCCH and HS-PDSCH. The 2-slot staggering (which the current assumption) results in 4.0dB power imbalance between part-1 and part-2. When a constant power is assumed over the HS-SCCH TTI, the overall performance of 2-slot staggering is approximately 2.0dB worse compared to the TTI-staggering case. Note that with TTI staggering the part information can be decoded after 1.5-slots that results in equal distribution of information over the HS-SCCH TTI. 

The unequal power in part 1 and part 2 results in increased node-B complexity. When unequal power in part 1 and part 2 is allowed, the HS-PDSCH power cannot be kept constant over a TTI. This may result in performance degradation due to poor traffic/pilot power estimate for 16-QAM demodulation. Moreover, even when unequal power is allowed in part 1 and part 2, the performance of TTI-staggering is still better by approximately 0.4dB compared to 2-slot staggering. This degradation for 2-slot staggering result due to poor coding for part 1 information.

In the light of above considerations, we propose that the TTI-staggering be adopted for HS-SCCH and HS-PDSCH timing.

5 References

[1]  TR 25.858 v 0.2.0, December 2001.

[2] “HS-SCCH power imbalance and timing,” R1-02-0073, Lucent Technologies.

[3] “Impact of HS-SCCH overhead on HSDPA System capacity”, R1-01-0072, Lucent Technologies.

6 Text Proposal for TR 25.858
Timing relations for HS-DSCH-related downlink signalling

 REF _Ref523902811 \h 
 \* MERGEFORMAT  illustrates the timing structure for the HS-DSCH control signalling. The fixed time offset between the SCCH-HS information and the start of the corresponding HS-DSCH TTI equals (HS-DSCH-control (3*Tslot)
The time offset between the DL DPCH slot carrying the HI and the start of the SCCH-HS information can vary in the interval [0, Tslot] depending on the timing of the downlink DPCH.  It may be noted that the start of the HI overlaps with the first slot of the SCCH-HS Figure 4 illustrates the two extreme cases of the timing of DPCH vs SCCH-HS.
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Figure 8. Timing structure for HS-DSCH control signalling
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