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Performance of the HS-SCCH  

1.0 Introduction

For each HS-DSCH TTI, each Shared Control Channel (HS-SCCH) carries HS-DSCH-related downlink signaling for one UE.  The number of HS-SCCH’s can range from a minimum of one HS-SCCH (M=1) to a maximum of four HS-SCCH’s (M=4).  The UE has the capability to simultaneously monitor 4 HS-SCCH’s.  The HS-SCCH comprises of two parts, Part-1 and Part-2.  The time-critical Part-1 is scrambled by a UE specific ID and the Viterbi decoder metric is used to determine whether the HS-SCCH is meant for that UE or not.  In this paper, the performance of Part-a of the HS-SCCH is evaluated with respect to its detection, false alarm and DTX probabilities under static and fading conditions.

2.0 Description of HS-SCCH

This coding scheme for HS-SCCH 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 as shown in Figure 2.   Further, Part-1 and Part-2 in this scheme is transmitted at the same power level.  
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Figure 1.  Coding Scheme for HS-SCCH
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Figure 2. CRC calculation

The post convolutionally encoded Part-1 is scrambled by the UE ID as shown in Figure 3.  The scrambler is based on a (32,10) block code specified in TS 25.212.  At the receiver, after descrambling by the UE specific ID, the metric of the maximum likelihood path during the Viterbi decoder process along with other metric like symbol error rate are used to form a basis for the validity of the Part-1 information.  This is required so that the Part 1 information is available before the start of HS-DSCH TTI.
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Figure 3.  Scrambling of Part-1 by UE Specific Scrambling Code

3.0 Performance of HS-SCCH Part-1

The following probabilities should be met in order to successfully decode the time critical Part-1 information and to ensure that the UE current drain is minimized:

Probability of the UE correctly decoding the HS-SCCH (Pdet) should be greater than 98-99%.

Probability of the UE correctly decoding the wrong HS-SCCH (Pfa) should be between 1e-02 and 1e-03.

Probability of the UE correctly decoding the HS-SCCH in the case the transmission was DTX’ed (Pdtx) should be between 1e-02 and 1e-03.

A couple of metrics like, a) zero’th state being the best state, b) percent difference in accumulated distance between the best and next best state, c) re-encoded symbol error rate less than a specified threshold, d) variance of the accumulated distance etc. were tested to see if the above criteria can be satisfied or not.  It was found that using criteria (a) and (c) the above requirements can be met at a reasonable Eb/No value. 

Figure 4 shows the FER vs. Eb/No performance of HS-SCCH (Part-1 and Part-2) without power control enabled for static and a flat fading channel (with STTD) at a vehicle speed of 3 km/hr.  It may be observed from the figure that to meet an FER of 0.1%
 the Eb/No requirement is approximately 13 dB for Part-1 under fading channel.  Figure 5and Figure 6 shows the Pdet, Pfa and Pdtx
 for the HS-SCCH Part-1 (with 4 HS-SCCH) when the following criteria were used to detect the presence of the correct HS-SCCH: Zero’th state being the best state and the re-encoded symbol error is less than a certain threshold.  Table 1 and Table 2 summarize the results.   It may be noted from the table that to achieve 98% detection probability while keeping the Pfa and Pdtx below 1e-03, the Eb/No operating points are approximately 7dB and 13dB respectively for AWGN and flat fading channel respectively.  Figure 7 and Figure 8 shows the Pdet, Pfa and Pdtx when only “re-encoded symbol error is less than a certain threshold” is used as an criteria.  It may be observed from these figures that the Pfa and Pdtx deteriorate if only criteria (c) is used.  
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Figure 4.  FER vs. Eb/No performance of  HS-SCCH
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Figure 5. .  Pdet, Pfa and Pdtx for an AWGN channel (using criteria (a) and (c))
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Figure 6. . Pdet, Pfa and Pdtx for an flat fading channel at 3 kmph with STTD (using criteria (a) and (c))

Table 1.  Summary of results -AWGN channel

	Eb/No
	N

(# sym err)
	Prob Detection
	Prob False Alarm

Incorrect UE
	Prob False Alarm

DTX

	7
	7
	9.75E-01
	8.00E-05
	3.20E-04

	7
	8
	9.82E-01
	8.00E-05
	1.12E-03

	7
	9
	9.85E-01
	8.00E-05
	4.96E-03

	9
	4
	9.85E-01
	0
	0

	9
	5
	9.96E-01
	0
	0

	9
	6
	9.98E-01
	0
	0

	9
	7
	9.99E-01
	0
	4.80E-04

	9
	8
	9.99E-01
	0
	1.52E-03


Table 2. Summary of results - Fading channel

	Eb/No
	N

(# sym err)
	Prob Detection
	Prob False Alarm

Incorrect UE
	Prob False Alarm

DTX

	13
	6
	9.72E-01
	8.00E-05
	1.60E-04

	13
	7
	9.80E-01
	8.00E-05
	1.68E-03

	13
	8
	9.85E-01
	8.00E-05
	7.60E-03

	15
	4
	9.78E-01
	0
	8.00E-05

	15
	5
	9.85E-01
	0
	8.00E-05

	15
	6
	9.90E-01
	0
	2.40E-04
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Figure 7. Pdet, Pfa and Pdtx for an AWGN channel (using criteria  (c) only)
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Figure 8. . Pdet, Pfa and Pdtx for an flat fading channel at 3 kmph with STTD (using criteria (c) only)

4 Conclusions

It was shown that the Part-1 information of the HS-SCCH can be reliable with respect to probability of detection, probability of false alarm and probability of DTX under both static and fading channel using criteria (a) and (c).   The Eb/No requirement under fading channel (w STTD and w/o power control) is approximately 13 dB to detect the Part-1 information reliably.

References
[1]
Motorola, “Performance of SCCH-HS with various coding options,” R1-02-0039, Espoo.

[2]
Ericsson, “HS-DSCH Related Downlink Signaling,” R1-02-0077, Espoo.

[3]
Motorola, “Modified Proposal for HS-SCCH,” R1-02-0414, Orlando.

[4]
3GPP TS 25.212, V5.0.0










� The Ec/No for 0.1% FER for AWGN channel are as follows:


Part1: Ec/No=3.65dB - 10*LOG10(3840000/(8/(0.000667))) = -21.4dB


Part2: Ec/No=2.8dB - 10*LOG10(3840000/(29/(2*0.000667))) = -19.6dB


Part1+Part2: Ec/No=3.6dB - 10*LOG10(3840000/(37/(3*0.000667))) = -19.57dB


� It may be noted that Pdtx vs. (1/Noise variance) or Ior/Ioc is plotted in this case since there is no data being transmitted. There is a difference of approximately 5dB between Eb/No values in other plots and the Ior/Ioc.
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