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1. Introduction

At RAN1 meeting #24 a new structure for the HS-SCCH has been approved. The scheme’s performance has been studied in recent documents [1], [2]. The studies reveal that further optimisation of the scheme is needed.

In the following, we propose a method for improving the performance of the HS-SCCH detection as described in [2].

2. HS-SCCH detection performance

Two aspects should be considered when evaluating the HS-SCCH performance: HS-SCCH detection performance and BER/BLER performance. According to [2] the probability of the UE correctly decoding the HS-SCCH should be greater than 98%, the probability of the UE correctly decoding the wrong HS-SCCH should be less than 1e-03, the probability of the UE correctly decoding the HS-SCCH in the case the transmission was dtx’ed should be less than 1e-03 and the BLER should be less than 1e-03.

The simulation results for the proposed HS-SCCH detection method in [2] reveal that in an AWGN environment the targeted HS-SCCH detection performance requires about 7dB Eb/N0, whereas the targeted BLER performance requires only about 4dB Eb/N0. Thus, a reliable HS-SCCH detection requires about 3dB higher Eb/N0 than BLER performance to meet the performance targets.

The results in [2] suggest that the required transmit power can be lowered with a better HS-SCCH detection. Therefore, the SCCH detection should be improved.

3. Proposal for improving HS-SCCH detection

In the following, we will show that the HS-SCCH detection performance can be improved if the UE has some a priori knowledge about its HS-SCCH assignments. This is accomplished by assigning HS-SCCHs according to UE specific preference lists, which may be based on the UE Id. 
Such an assignment procedure has already been proposed for the HI transmission in [3] and [4] and has proved to yield significant gains. Now, it is adapted to the new HS-SCCH structure in order to improve the HS-SCCH detection.
HS-SCCH Assignment Procedure

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

When a given UE is scheduled, one out of n({2,3,4} (n=1 is trivial) configured HS-SCCHs is assigned to the UE to convey the signalling information. The selection of the SCCH shall follow the following procedure: first, the UE’s list of HS-SCCH preferences is determined from tables 1, 2 or 3. The determination of the preference list is done by taking the UE’s Id modulo n! and choosing the corresponding row of table 1, 2 or 3 (in dependence on n). Then, the most preferred HS-SCCH, i.e. the first HS-SCCH listed in the relevant preference list, is chosen if it is available. If this HS-SCCH is already assigned to another UE, then the second most preferred HS-SCCH is chosen, and so on.

Assume, for example, a UE with Id 123 and n=4 configured HS-SCCHs. 123 modulo 24 = 3 points to the fourth row of table 3. So, HS-SCCH #1 is the most preferred, HS-SCCH #3 the second most preferred, HS-SCCH #2 the third most preferred and HS-SCCH #4 the 4-th most preferred HS-SCCH.

	UE Id modulo 2
	List of preferences of HS-SCCHs

	0
	1,2

	1
	2,1


Table 1. HS-SCCH preferences if n=2 HS-SCCHs are configured.

	UE Id modulo 8
	List of preferences of HS-SCCHs

	0
	1,2,3

	1
	2,1,3

	2
	3,2,1

	3
	1,3,2

	4
	2,3,1

	5
	3,1,2


Table 2. HS-SCCH preferences if n=3 HS-SCCHs are configured.

	UE Id modulo 24
	List of preferences of HS-SCCHs

	0
	1,2,3,4

	1
	2,1,3,4

	2
	3,2,1,4

	3
	1,3,2,4

	4
	2,3,1,4

	5
	3,1,2,4

	6
	1,2,4,3

	7
	2,1,4,3

	8
	4,2,1,3

	9
	1,4,2,3

	10
	2,4,1,3

	11
	4,1,2,3

	12
	1,4,3,2

	13
	4,1,3,2

	14
	3,4,1,2

	15
	1,3,4,2

	16
	4,3,1,2

	17
	3,1,4,2

	18
	4,2,3,1

	19
	2,4,3,1

	20
	3,2,4,1

	21
	4,3,2,1

	22
	2,3,4,1

	23
	3,4,2,1


Table 3. HS-SCCH preferences if n=4 HS-SCCHs are configured.

The assignment of HS-SCCHs according to such preference tables provides the UE with a priori information about what HS-SCCH will be assigned to it in case that it is scheduled. 
Simulated probabilities can be found in [3].

Improved HS-SCCH detection

Unequal a priori probabilities 
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 can be used to improve the HS-SCCH detection performance: 

· Firstly, HS-SCCH detection is performed by an appropriate criterion without using any a priori information (e.g. as described in [2]). More than one HS-SCCH may be detected.

· Secondly, if more than one HS-SCCH is detected, the a priori information is used for deciding the HS-SCCH. This is simply done by selecting the most preferred HS-SCCH among the detected ones.

It is also possible to consider the a priori information already for Viterbi decoding.
4. Performance Analysis of the Improved HS-SCCH Detection 
For the initial performance analysis, we will focus on the false alarm rate and compare the false alarm rates that are achieved with and without the proposed HS-SCCH assignment procedure.
We assume 4 configured HS-SCCHs. HS-SCCHs are detected by an appropriate criterion. Some possible criterions are described  in [2]. In the case of multiple detected HS-SCCHs one out of the detected HS-SCCHs has to be chosen. Without using preferences it is assumed that the selection is done by chance (i.e. with equal probabilities). When using preference tables for the HS-SCCH assignment, the HS-SCCH, which is considered to be the most preferred one, is chosen. 
Let 
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 denote the probability of not detecting a particular HS-SCCH if it has been sent. Let 
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 denote the probability of detecting a particular HS-SCCH if it has not been sent. Further, we denote the a priori probability of the most preferred HS-SCCH by 
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Let us assume that an assigned HS-SCCH has been sent to a given UE. In the case of not using preferences the probability 
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 of detecting the false HS-SCCH is given by:
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In the HS-SCCH assignment is done based on preference lists, then the overall false alarm probability 
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 can be reduced to
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In order to illustrate the performance gain by using preferences, let us assume that 20 UEs are sharing the same 4 HS-SCCHs. Then, according to the results presented in [3], 
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. Table 4 compares the overall false alarm rates 
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	0.01
	0.001
	0.0015
	0.0002

	0.015
	0.0015
	0.0022
	0.0004

	0.02
	0.002
	0.0030
	0.0006

	0.025
	0.0025
	0.0038
	0.0008

	0.03
	0.003
	0.0046
	0.0010


Table 4. False alarm reductions by using preferences.

5. Scheduling

It should be noted that the proposal does not impose any restrictions on the HSDPA scheduling as such. Scheduling is a two-step process: first a set of UEs to be addressed during the next TTI is chosen. Then particular HS-SCCHs are assigned to the individual UEs. Without the proposal assignments are done arbitrarily. According to the proposal assignments are done with preferences. The decisive step from a HARQ-optimisation point of view is the first one, not the second. So, the scheduling performance will remain identical. 

According to RAN1 decisions a UE’s HS-SCCH assignment should not be changed in case of consecutive scheduling. This rule should precede the above assignment procedure to avoid unnecessary HS-SCCH detections. A priori probabilities will not be changed, since the first assignment is done such that target a priori probabilities will be achieved. Consecutive assignments will result in the same a priori probabilities. 

It should also be noted that the proposal might be applied without any changes if more than four HS-SCCHs are available in a cell. More than four HS-SCCHs are divided into sub groups of maximum four configured HS-SCCHs. Configurations are UE specific. So, the proposed procedure can be applied within the groups as described above.

Instead of calculating preference list indexes from UE Ids the indexes might also be signalled to UEs. HS-SCCH assignments are then entirely flexible, if this is preferred for some reason.

6. Conclusions

This paper proposes a method for improving HS-SCCH detection. It is recommended to include the method in the specifications.
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