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1 Introduction

As described in [1], the HS-DSCH-related downlink signaling is based on a two-step approach. An HS-DSCH Indicator (HI) on the associated downlink DPCH points to the HS-SCCH (the Shared Control Channel) that carries the remaining HS-DSCH-related downlink signaling. 

Also according to [1], the HS-SCCH transmission consists of two parts:

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

· Part-2 (2nd slot + 3rd slot): Remaining part of Transport-format and HARQ-related information (12 information bits)

In one proposal, referred to as Scheme-1 below, a 16 bits CRC is calculated over Part-1 + Part-2 and attached to Part-2. After CRC attachment, Part-2 thus consists of 28 information bits.

In [2], a somewhat different structure for the HS-SCCH transmission is proposed. With this proposal, referred to as Scheme-2 below, a 12 bits CRC (CRC-1) is calculated over Part-1 and attached to Part-1. In addition, an 8 bits CRC (CRC-2) is calculated over Part-1 + Part-2 and attached to Part-2. After CRC attachment, Part-1 and Part-2 thus consist of 20 bits each.  The main argument for this proposal is that it allows for HS-DSCH operation without HI. 

This paper discusses the benefits/drawbacks of these schemes from a performance and complexity point-of-view.

2 Performance

2.1 Performance of HS-SCCH transmission

Figure 1 compares the Eb/N0 performance of Scheme-1 and Scheme-2. In both cases, rate-1/3 coding is applied
 followed by rate matching. The performance is illustrated for two cases, basically covering two extremes: 

· AWGN channel. This case indicates the performance at low speed when HS-SCCH power control is able to compensate for fading on the radio channel.

· Flat-fading channel with constant fading during the HS-DSCH sub-frame. This case indicates the performance at mid-speed when HS-SCCH power control is not able to compensate for the fading at the same time as the fading is not sufficiently fast to provide significant time diversity.
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Figure 1 Performance comparison Scheme-1 (+, red) and Scheme-2 (o, blue)


As can be seen, the HS-SCCH performance is degraded by approximately 2 dB at BLER=1% for Scheme-2, compared to Scheme-1. There are two reasons for this performance degradation: 

· A limited number of channel bits for Part-1. This implies a high coding rate, including a significant amount of puncturing for Part-1, which impacts the coding gain.

· An assumption of constant HS-SCCH transmission power during each 2 ms sub-frame, i.e. equal power for Part-1 and Part-2. This implies unnecessary high energy (too good performance) for Part-2. 

To reduce the performance degradation one can:

· Modify the HS-SCCH structure such that Part-1 and Part-2 cover 1.5 slot each, see Figure 2 (Scheme-2a). 

· Allow for different power levels of Part-1 and Part-2 (Scheme-2b)
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Figure 2 Modified HS-SCCH structure to allow for extended Part-1

Fundamentally, using constant power over a sub-frame for the HS-DSCH-related downlink signaling is desirable. However, even with constant power for the HS-SCCH transmission, the total power for the HS-DSCH-related downlink signaling will vary over a sub-frame, due to the transmission of the HI. Actually, if the HI can be avoided by allowing for varying HS-SCCH power, the overall variations in the power for the HS-DSCH-related downlink signaling may very well be reduced, compared to a structure that requires the HI, see Figure 3. This is due to the high Eb/N0 requirement and short duration of the HI transmission. 
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Figure 3
As can be seen from Figure 4, with either Scheme-2a or Scheme-2b there is no significant loss in terms of Eb/N0 performance, compared to Scheme-1. Still, due to the larger number of information bit , the Scheme-2a/b will require somewhat higher HS-SCCH transmission power. However, this may be compensated for by the possibility to avoid the HI, see further Section 2.2 below.
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Figure 4 Performance comparison Scheme-1 (+, red), Scheme-2a (o, blue), and Scheme-2b (*, green)

2.2 Performance of HI transmission

The HI should be able to indicate up to four configured HS-SCCH and should allow for DTX. This means that the HI signaling constellation consists of five points as illustrated in Figure 5, where one or several of the constellation points P1, …, P4 are not valid alternatives if less than four HS-SCCHs are configured. 
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Figure 5 HI constellation

Due to the lack of coding gain, the HI Eb/N0 requirement will be significantly higher compared to the HS-SCCH. The Eb/N0 requirement also depends on whether the P0 constellation point is taken into account in the detection or not, as well as the HI error-rate requirements.

The overall error requirement for the HS-DSCH-related downlink signaling is assumed to be 1%.  For the two-step approach this is the combined error rate for the HI and the HS-SCCH. Due to the larger number of HS-SCCH bits and corresponding overall larger HS-SCCH energy, the error rate for the HI should be significantly lower than that for the HS-SCCH, e.g. 0.1%. For an AWGN channel, this implies an Eb/N0 requirement of more than 6 dB, see e.g. [2]. Thus the energy needed for the two HI bits is of the same order as the energy needed for the four additional HS-SCCH bits of Scheme-2a or Scheme-2b. 

As the HI is assumed to be implemented by means of puncturing of the DCH (“symbol stealing”), HI transmission will also have a negative impact on the DCH performance. According to [3], this performance degradation may be as high as 1.5 dB in some cases. Applying a non-fixed HI position within the DPCH slot can reduce thi performance degradation [3]. However, this will make the implementation of the HI significantly more complex.

As a conclusion, it does not seem to be a performance degradation but rather a potential performance gain in using Scheme-2a or Scheme-2b (without HI), compared to Scheme-1 (with HI). On the other hand, Scheme-2 (one-slot/two-slot split and equal power of Part-1 and Part-2) seems to imply a noticeable performance loss compared to Scheme-1.

3
Complexity aspects

3.1
Node B complexity

From a Node-B complexity point-of-view, the possibility to operate HS-DSCH without HI is beneficial. This is especially the case if the HI does not have a fixed position within the DPCH slot, as proposed in [3]. 

3.2
UE complexity

Single configured HS-SCCH

Even with HI, the UE must be able to continuously decode one HS-SCCH. Thus, with a single configured HS-SCCH, the HI does not provide any benefits in terms of UE complexity. 

Multiple configured HS-SCCH

In case of multiple configured HS-SCCH, HS-DSCH operation without HI implies an increase in UE complexity as the UE must be able to decode up to four HS-SCCH (Part-1 only) in parallel. Assuming 20 bits to be decoded in one slot, this corresponds to 30 kbps per HS-SCCH and a maximum of 120 kbps for four HS-SCCH. Compared to the current assumption that the UE should be able to decode a single HS-SCCH and a 64 kbps DCH in parallel to the HS-DSCH, this implies an increase in the overall UE decoding requirements. 

One possibility would be to require that the UE should be able to decode two HS-SCCH in parallel, corresponding to (60 kbps. This would imply that HI would only be required in case of more than two configured HS-SCCH. 

4
Conclusions

In case of a single configured HS-SCCH, the possibility to operate HS-DSCH without HI is beneficial from both a capacity (no power wasted on the HI and no DCH performance loss due to symbol stealing) and Node-B complexity point-if-view. At the same time, possibility for HS-DSCH operation without an HI implies no additional UE complexity as the UE must anyway be able to decode one HS-SCCH. Thus the specification should at least allow for HS-DSCH operation without HI when only a single HS-DSCH is configured. Note that this is possible regardless of Scheme-1 or Scheme-2 is used for the HS-SCCH transmission.

In case of multiple configured HS-SCCH, the possibility to operate HS-DSCH without HI is once again beneficial from a Node B complexity point-of-view. Also, it seems to be a potential benefit in terms of capacity to operate HS-DSCH without HI also in this case. One the other hand, there is a negative impact on the UE complexity as the UE must then be able to decoded multiple (up to four) HS-SCCH in parallel.

One possibility is to require that the UE should be able to decode a maximum of two HS-SCCH in parallel. This would mean that, in case of more than one configured HS-SCCH, HI transmission must be used while, for one or two configured HS-SCCH, HI transmission could be avoided. 
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� The performance may be slightly better if rate-1/2 coding is used. However, our investigations indicate that the difference is relatively small (a fraction of a dB at most). 
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