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1. Introduction

According to TR 25.858 [1] the Shared Control Channel of a UE which is using HSDPA is signalled on the downlink DPCH by an HS-DSCH Indicator (HI). The HI consists of two information bits that indicate the Shared Control Channel that carries the HS-DSCH-related signalling for the corresponding UE. The HI is transmitted in every third slot. If no Shared Control Channel carries HS-DSCH-related signalling to the UE, the HI is not transmitted (DTX). If the HI is transmitted as one QPSK symbol, the possible signalling points are as infigure 1.
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Figure 1. Example of coding of HI. Pi indicates Shared Control Channel #i (i ({1, 2, 3, 4}). P0 indicates that no Shared Control Channel carries HS-DSCH-related signalling information to the UE. 

In this paper we analyse the performance of HI coding based on QPSK symbols. Two improvements will be evaluated. The improvements may also be applied to other HI codings.

2. HI Performance

HI Error Rates

Simulations have been performed in order to study HI performance in detail.

In the simulations the UEs have been assumed to receive an SHCCH during 100/51% of all TTIs. This figure corresponds to a packet call size of 25 kBytes and 5s time between packet calls at a data rate of 2Mbps. The parameters are in line with average data traffic model parameters of TR 25.848 [2]. All SHCCHs have been assigned equally likely to a given UE. So, the a priori probabilities of sending 
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 have been assumed to be (50/51, ¼*1/51, ¼*1/51, ¼*1/51, ¼*1/51).

HI detection at the UE has been done by nearest neighbour decision, i.e. that 
[image: image5.wmf]i

P

 has been decided to have been transmitted, which was nearest to the received symbol in symbol space.

Simulations have been done in an AWGN environment.

Figure 2 shows the simulation results. Total error rate, false alarm rate (
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 received) and mixing error rate (
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 received) are shown as a function of symbol energy to noise power spectral density ratio 
[image: image16.wmf]0

s

EN

.


[image: image42.png]ermor rate

‘tatal ermor rate
false alarm rate
missed detection rate
mixing error rate

8, 9,

Es/ND




Figure 2. HI transmission error rates using nearest neighbour decision.
The total error rate is dominated by high false alarm rates. Since false alarms are sufficiently detected by CRC checking, false alarm rates as well as total error rates are less relevant to HI performance. Instead the crucial errors are missed detection and mixing error.

Figure 3 shows the relevant rate of missed detection and mixing errors given non-vanishing HIs have been transmitted. According to [3] this missed detection and mixing error rate is targeted at 1/300. From figure 3 it can be seen that this error rate is achieved at about 12.2dB 
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Figure 3. Rate of missed detection and mixing error for non-vanishing HI transmissions.
HI On/Off Detection

Error rates of figure 3 are dominated by missed detection. Avoiding missed detection will improve HI performance significantly. This can be done by 


always assuming non-vanishing HI symbols at the receiver and always checking CRCs to detect false alarms. Figure 4 compares error rates with and without HI on/off detection. Without on/off detection receivers always assumed non-vanishing HIs (no DTX, no 
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 transmission assumed).

Not using on/off detection yields a gain of about 2.8 dB at a target error rate of 1/300.
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Figure 4. HI error rates with and without on/off detection.

3. SHCCH Assignment to UEs

In the previous section SHCCHs have been assigned to UEs by chance. Therefore all SHCCHs have been used equally likely for a given UE, resulting in equal a priori probabilities of transmitted non-vanishing HI symbols.

The performance of HI transmission can be greatly improved if a priori probabilities of non-vanishing HI symbols are different. MAP detection can be used, which takes into account a priori probabilities.

MAP Detection

Let 
[image: image21.wmf]i

p

, 
[image: image22.wmf]0,,4

i

=

K

 denote the a priori probabilities of HI symbols 
[image: image23.wmf]04

,,

PP

K

 and 
[image: image24.wmf](

)

pxi

 the conditional probabilities of receiving HI symbol 
[image: image25.wmf]x

 given the 
[image: image26.wmf]i

-th symbol has been sent. With knowledge of 
[image: image27.wmf]i

p

 and 
[image: image28.wmf](

)

pxi

 the MAP detector determines HI symbol 
[image: image29.wmf]max

i

 with highest a posteriori probability 
[image: image30.wmf](

)

max

pix

:


[image: image31.wmf](

)

{

}

(

)

(

)

{

}

(

)

{

}

(

)

{

}

max

argmax

argmax,/

argmax,

argmax

ì

ì

ì

i

ì

ipix

pixpx

pix

pxip

=

=

=

=×

14243

14243

14243

14243


MAP detector performance equals nearest neighbour performance if all a priori probabilities 
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 are the same. Performance improves significantly if a priori probabilities 
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 are different.

SHCCH Assignment Procedure

Different a priori probabilities may be achieved by assigning SHCCHs with different preferences to different UEs. For this purpose we propose the following assignment procedure: 

When a given UE needs an SHCCH, first the UE’s list of SHCCH preferences is determined from Table 1. Determination of preference lists is done by taking the UE’s Id modulo 8 and choosing the corresponding row of Table 1. Then the most preferred SHCCH, i.e. the first SHCCH listed in the relevant preference list, is chosen if it is available. If some other UE does already use this SHCCH the second most preferred SHCCH is chosen, and so on.

Assume for example a UE with Id 123. 123 modulo 8 = 3 points to the fourth row of Table 1. So, SHCCH 2 is the most preferred, SHCCH 1 the second most preferred, SHCCH 3 the third most preferred and SHCCH 4 the 4-th most preferred SHCCH.

UE Id modulo 8
List of SHCCH preferences

0
1,2,4,3

1
4,3,1,2

2
3,4,2,1

3
2,1,3,4

4
1,2,3,4

5
4,3,2,1

6
3,4,1,2

7
2,1,4,3

Table 1. SHCCH preferences.

Performance

Using the preferences of Table 1 a priori probabilities have been determined by means of simulations. As for the previous section’s simulations the UEs have been assumed to receive an SHCCH during 100/51% of all TTIs. Simulated packet calls consisted of 5 packets each.
Figure 5 shows the probabilities for different numbers of HSDPA UEs using the same 4 SHCCHs.
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Figure 5. Simulated a priori probabilities.

Based on the a priori probabilities of figure 5 HI transmission using MAP detection without HI on/off detection has been simulated. Figure 6 depicts error rates with perfect knowledge of a priori probabilities 
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 at the receiver. Using SHCCH preferences leads to a gain of 0.3 to 3 dB at the target rate of 1/300 depending on the number of HSDPA UEs using the same SHCCHs. The gain is largest with few UEs.
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Figure 6. HI error rates with and without SHCCH preferences for different numbers of UEs using the same SHCCHs. Perfect knowledge of a priori probabilities at the receivers is assumed.

In real world a priori probabilities 
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 and conditional probabilities are not known exactly, since they must be estimated. 
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 are Gauss distributed. Mean and standard deviation may be estimated by measuring symbol power and noise power at the receiver. In general a priori probabilities 
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 can not be measured reliably, since this would require many HI receptions in advance. Therefore 
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 must be estimated without any measurement.
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In the following simulations we assumed 
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 assumptions at the receiver to be fixed and to correspond to 100 UEs using the same SHCCHs. Figure 7 shows that some gain is lost when less than 100 UEs are using the same SHCCHs. But still it remains a gain of 0.3 to 1.3dB compared to no use of SHCCH preferences.

Figure 7. HI error rates with and without SHCCH preferences for different numbers of UEs using the same SHCCHs. A priori probabilities of 100 UEs are assumed at the receivers.

4. Conclusions

In this paper we studied HI transmission performance. Two improvements have been described and simulated:

· HI detection without on/off detection

· SHCCH assignment with preferences in conjunction with MAP detection

The first improvement leads to a gain of about 2.8dB 
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, requiring CRC checking during all TTIs.
The second improvement leads to a gain of at least 0.3 to 1.3dB 
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Although the improvements have been studied using HI QPSK coding, they can also be applied to other HI codings.

We recommend to include the improvements into the HSDPA technical report. ‘No on/off detection’ must not be specified, since it is an implementation issue. But ‘No on/off detection’ must be taken into account in forthcoming HI performance studies. SHCCH assignment with preferences should be specified in the technical report. In case of acceptance we will provide a corresponding text proposal.
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