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Performance of SCCH-HS with various coding options

1.0 Introduction

In the last WG1 meeting in Jeju, different coding options for the SCCH-HS were identified and documented in the WG1 TR [1].  In this contribution, the performance of these options are evaluated through link simulations.  Based, on the simulation study it is recommended that the two-step approach be used for control channels for HS-DSCH.  It is also recommended that the SCCH-HS be split into two parts with Part-1 and Part-2 being separately coded and rate matched to fit into the first slot and second + third slot of the Shared Control Channel respectively.

2.0  Structure of the downlink control channel

It was agreed in the last WG1 meeting that the Shared-Control-Channel information should be 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)

The SHCCH-HS uses a SF of 128 and the following coding options are simulated:

Case A: Alternative 1 + CRC Alternative 1

This scheme is illustrated in Figure 1, where the channelization code set (CCS) and modulation level with tail bits are sent in the first slot and the HARQ and CRC with tail is sent over the next two slots.  It may be noted that in this case the CRC (16 bits) is calculated over Part-1 + Part-2 and attached to the Part-2.
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Figure 1. Case A: Alternative 1 + CRC Alternative 1

Case B: Alternative 2 + CRC Alternative 1 

The scheme is shown in Figure 2.  In this scheme both the parts are jointly coded and rate-matched to fit into the three slots of the SCCH-HS.  By applying separate interleaving over the 1st slot and the next two slots respectively, this scheme also allows for extraction of the time-critical Part-1 information before the HS-DSCH TTI.  This scheme is similar to Case A except tail bits are not used in the first part.  Instead the first part is decoded without tail bits.   
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Figure 2. Case B: Alternative 2 + CRC Alternative 1 

Case C: Alternative 1 + CRC Alternative 2 

If slot 1 and slot2+slot3 is interleaved separately this is equivalent to Scheme A except for the number of bits.  Figure 3 illustrates this scheme.
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Figure 3. Case C: Alternative 2+CRC Alternative 1

Case D: Alternative 2 + CRC Alternative 2 but without tail bits for Part A

This case is shown in Figure 4 and similar to Case B.  It may be noted that separate interleaving can be applied over 1½ slot in lieu of 1st and 2nd+3rd slot but this case requires additional chip level buffering at the UE in the absence of HI bit, which in turn significantly increases the UE complexity.
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Figure 4. Case D: Alternative 2 + CRC Alternative 2 

3.0 Simulation Results

In this section, simulation results are presented for the cases described in Section 2 and all the performance results are compared at FER of 1e-02 with STTD on and power control off.  Short term performance is shown for the first part which includes the channelization code set (CCS) and modulation scheme(MOD) and for the entire TTI.  Figure 5 shows the performance for Case A.  It may be observed from the figure that the short term performance of Part A at various speeds are identical to each other while the TTI performance is approximately 1dB worse at slow values of vehicle speeds.  At high speeds, the TTI performance degrades by 1dB compared to slow speeds because of short interleaving depth
.   The performance of Case B is shown in Figure 6.   Due to absence of tail bits, the performance of Part A is approximately 2dB worse than Case B while the TTI performance is approximately 1dB better due to less puncturing  than Case A.  It may be noted from Figure 7 (which shows the performance of Case C) that the short term FER performance of Part A and TTI are close to each other.  However, both the 1st part and TTI performance of Case C is consistently worse than Case A or Case B.  Finally, it may be observed from Figure 8 that the performance of the first part is way worse than all the cases discussed because of the absence of tail bits.  

Figure 9 to Figure 12 shows the performance of Case A to Case D using R=1/2 convolutional code instead of R=1/3 convolutional code.  It may be observed from the figures that both the Part A and TTI performance is better than using R=1/3 convolutional code since there is no or less puncturing and more repetition involved when using R=1/2 convolutional code.   

4.0 Conclusions

Based on the simulation results, it is desirable to use Option A using R=1/2 convolutional code for the SCCH-HS design due to the following reasons:

1. High reliability for  Part A (CCS+Mod) decoding because of low Eb/No requirement.

2. TTI decoding is robust (1 dB more Eb/No requirement) because of 16 bit CRC.

3. At high speeds the Eb/No requirement is less than 3.5dB without fast forward power control on although the HS-DSCH is generally optimized at slow to medium values of vehicle speeds.
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Figure 5. Short-Term FER Performance for Case A.
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Figure 6.  Short-Term FER Performance for Case B.
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Figure 7.  Short-Term FER Performance for Case C.
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Figure 8. Short-Term FER Performance for Case D.
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Figure 9. Short-Term FER Performance for Case A, R=1/2.
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Figure 10.  Short-Term FER Performance for Case B, R=1/2.
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Figure 11.  Short-Term FER Performance for Case C, R=1/2.
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Figure 12. Short-Term FER Performance for Case D, R=1/2.










� The simulations were performed using ideal channel estimation.  The performance at high speeds will be further degraded due to channel estimation errors.
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