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1. Introduction

At RAN1 meeting #23 two improvements of HI transmission have been proposed in Tdoc R1-02-0154. HI transmission may be improved by not using on/off decisions in HI reception. The second proposal is to assign HS-SCCHs with certain preferences to UEs. The proposal has not yet been agreed in order to give delegates more time to think about it. 

Some questions have been raised and answered at RAN1 #23. In this paper we provide more detailed answers and present a simplified proposal. Text is proposed for inclusion in the HSDPA CRs for TS 25.211 and TS 25.214.

2. The proposal

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 which 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 in figure 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. 

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

MAP Detection
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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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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 needs an HS-SCCH, first the UE’s list of HS-SCCH 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 HS-SCCH, i.e. the first HS-SCCH listed in the relevant preference list, is chosen if it is available. If some other UE does already use this HS-SCCH the second most preferred HS-SCCH 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, HS-SCCH 2 is the most preferred, HS-SCCH 1 the second most preferred, HS-SCCH 3 the third most preferred and HS-SCCH 4 the 4-th most preferred HS-SCCH.

UE Id modulo 8
List of HS-SCCH 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. HS-SCCH preferences if 4 HS-SCCHs are configured.

Choosing HS-SCCHs as described leads to unequal a priori probabilities 
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3. Simplified Proposal

In principle 24 different preference lists may be defined for 4 configured HS-SCCHs. In the above proposal of section 2 only a subset of 8 different preference lists are used. The reason is that HI transmission performance gains if the first two preferred HI symbols are most widely separated as defined by table 1. Then mixing errors between the most probable first two HI symbols are minimised.

On the other hand it is desirable to define as much as possible different preference lists in order to avoid collisions in the assignment of HS-SCCHs to different UEs. 

Most widely separated preferred HI symbols may be combined with 24 different preference lists if the proposal is modified as follows:

In the above proposal HS-SCCH #i is signalled by transmitting HI symbol 
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. Instead we now signal the most preferred HS-SCCH by transmitting 
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, the second most preferred by 
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 and so on. This means that the meaning of 
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 now depends on the preference lists. Now 
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 is always the most probable HI symbol, 
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 the second most and so on. Therefore the two most preferred symbols are always most widely separated. MAP detection at the UE is simplified, since decision boundaries are independent of preference lists.

Table 2 lists preferences and 
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 mappings of the simplified proposal. Preference lists are now determined by taking the UE Id modulo 24.

UE Id modulo 24
List of preferences and mappings of 
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 to 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 2. HS-SCCH preferences and 
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 mappings if 4 HS-SCCHs are configured.

4. Fewer than four HS-SCCHs

The number of configured Shared Control Channels can range from a minimum of one Shared Control Channel to a maximum of four Shared Control Channels. The above sections 2 and 3 describe assignments if four HS-SCCHs are configured. In the case of fewer HS-SCCHs different preference tables must be used.

If no more than one Shared Control Channel is available preferred assignments can not be used, since only one assignment is possible. If two Shared Control Channels are configured HS-SCCHs should be assigned according to table 3. Three configured Shared Control Channels should be assigned according to table 4.

Tables 2 to 4 are defined in such a way that table 3 is included in table 4 and table 4 is included in table 2. So, only table 2 must be stored in the UE.

Tables 2 to 4 lead to different a priori probabilities. The UE’s MAP detection should be adapted to these a priori probabilities in order to optimise performance. Since the number of configured HS-SCCHs is known at the UE corresponding fixed average a priori probabilities may be used by the UE’s MAP detector.

UE Id modulo 2
List of preferences and mappings of 
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 to HS-SCCHs

0
1,2

1
2,1

Table 3. HS-SCCH preferences and 
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 mappings if 2 HS-SCCHs are configured.

UE Id modulo 8
List of preferences and mappings of 
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 to 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 4. HS-SCCH preferences and 
[image: image29.wmf]i

P

 mappings if 3 HS-SCCHs are configured.

5. Scheduling

It should be noted that the proposal does not impose any restrictions on HSDPA scheduling. 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 were done arbitrarily. According to the proposal assignments are done with preferences. The decisive step from an 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 HI 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.

6. Testing

HI performance should be tested in terms of error rates. During tests HS-SCCHs should be assigned according to the proposed rules. Performance depends on a priori probabilities which in turn depend on the number of configured HS-SCCHs. Therefore three test cases should be defined, one for two configured HS-SCCHs, one for three HS-SCCHs and one for four configured HS-SCCHs.

7. Text Proposal

We propose to include new text into the HSDPA CR for TS 25.211 and into RAN2 specification TS 25.308. A RAN2 CR for TS 25.308 is attached [3]. For inclusion into the CR for TS 25.211 we propose the following text. The text is based on the last version of the draft CR distributed on the reflector by 14th of Feb. 2002.

--------------------------------------- begin of text proposal for TS 25.211 -------------------------------------------

5.3.3.13
DL-DPCH for HS-DSCH 

In case multiple HS-SCCH are configured for a UE, the downlink DPCH carries an HS-DSCH Indicator (HI), in addition to non-HS-DSCH-related physical-layer signalling and DCH transport channels. The HI consists of two information bits that indicate the HS-SCCH that carries the HS-DSCH-related signalling for the corresponding UE. The HI is transmitted in every third slot. If no HS-SCCH carries HS-DSCH-related signalling to the UE in a HS-DSCH subframe, the HI is not transmitted (DTX) during the corresponding HS-DSCH subframe.
The HI is transmitted as one QPSK symbol. The possible signalling points are as in Figure 1. The QPSK symbol carrying the HI is punctured on the DPDCH.   The puncturing position is TBD.
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Figure 1. Coding of HI. 
 P1 to P4 indicate assigned HS-SCCHs. P0 indicates that no HS-SCCH 
carries HS-DSCH-related signalling information to the UE. 

The mapping of signalling points to indicated HS-SCCHs is determined in the following way:

1. A mapping list index is calculated by taking the UE’s Id modulo M!, where M denotes the number of configured HS-SCCHs.

2. A mapping list is chosen from tables 1 to 3 according to the calculated mapping list index.

3. P1 is mapped to the first HS-SCCH listed in the mapping list, P2 is mapped to the second HS-SCCH and so on.
UE Id modulo 2
List of mappings of 
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 to HS-SCCHs

0
1,2

1
2,1

Table 1. 
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 mappings if 2 HS-SCCHs are configured.

UE Id modulo 8
List of mappings of 
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 to 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. 
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 mappings if 3 HS-SCCHs are configured.

UE Id modulo 24
List of mappings of 
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 to 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. 
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 mappings if 4 HS-SCCHs are configured.

< Editor’s note: {not yet fully clear where/how HI is to be described} >
------------------------------------------- end of text proposal for TS 25.211 -----------------------------------------
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10
Resource Management



For HSDPA, the resources at a cell level shall be:



· Channelisation Codes that can be used for the mapping of HS-PDSCH and the HS-SCCH physical channels.



· Power that can be used for HSDPA i.e. for HS-DSCHs and HS-SCCHs



The HSDPA resources are assigned by the CRNC to a Node B on a cell basis. A cell can be assigned HSDPA resources or not i.e. a cell needs not support or be allocated HSDPA.



[The CRNC configures the Node B with the list of HS-SCCH that can be use in the cell. The list of HS-SCCH sets are decided by the Node-B.]



HS-SCCH Assignments



If a UE should be scheduled and a configured HS-SCCH is available an HS-SCCH is assigned to the UE according to the following rules:



· If the UE has already been scheduled during the previous TTI the assigned HS-SCCH of the previous TTI is assigned again to the UE in the current TTI.



· If the UE has not been scheduled during the previous TTI and only one HS-SCCH has been configured for the UE then the configured HS-SCCH is assigned to the UE.



· If the UE has not been scheduled during the previous TTI and more than one HS-SCCH has been configured for the UE then the HS-SCCH to be assigned to the UE is determined in the following way:



1. A preference list index is calculated by taking the UE’s Id modulo M!, where M denotes the number of configured HS-SCCHs.



2. A preference list is chosen from tables 1 to 3 according to the calculated preference list index.



3. The first HS-SCCH listed in the preference list is assigned to the UE if the first HS-SCCH is not yet assigned to another UE. If the first HS-SCCH is assigned to another UE the second HS-SCCH from the preference list is chosen, and so on.



			UE Id modulo 2


			List of HS-SCCH preferences 





			0


			1,2





			1


			2,1








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



			UE Id modulo 8


			List of HS-SCCH preferences 





			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 3 HS-SCCHs are configured.



			UE Id modulo 24


			List of HS-SCCH preferences 





			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 4 HS-SCCHs are configured.
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