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Summary

This document proposes a modification to the AICH which allows the spreading factor to be increased by a factor of two. 

Discussion

According to current proposals for CPCH, it may be necessary to use up to three AICH’s to provide separate acknowledgement channels for RACH preambles, CPCH access preambles and CPCH collision resolution preambles.  With the current definition of AICH this would use three channelization codes with SF=256. This is not a large contribution to code shortage, but it would still be worthwhile reducing this use of channelization code resource. 

Fortunately, it appears that the spreading factor of the AICH could be increased from 256 to 512 by using complex signatures instead of real valued ones (which is the implied effect of the current definition in 25.211). The signature would then be of length 8 symbols rather than 16. This change, effectively from BPSK to QPSK modulation, would have no effect on the absolute duration of the signature, or any significant impact on the transmitted power needed to achieve a given detection probability (since Eb/No is the same for BPSK and QPSK, at least in AWGN). 

Proposed Solution

A new set of signatures can be obtained by adding the second half of each of the current signatures to the first half, but with 90o phase rotation. That is, the signature symbols effectively become modified from the current values of +(A+B) to  +A+B where A=1, B=j. If the I and Q parts are detected separately, the orthogonality between signatures is maintained. 

The possibility of combining AICH and PICH has been discussed. This could still be done, provided the paging indicators could be assigned to either I or Q branchs. 

Recommendation

Since the required allocation of downlink channelization codes is reduced by this proposal without any disadvantageous side effects, it should be adopted. The necessary modifications to AICH are detailed in the text proposal in the annex. Some suggestions for PICH are also included.

Annex 1-Text Proposal for 25.211

5.3.3.6 Acquisition Indication Channel (AICH)
The Acquisition Indicator channel (AICH) is a physical channel used to carry Acquisition Indicators (AI). Acquisition Indicator AIi corresponds to signature i, see further 25.213, Section 4.3.3.2

Figure 1 illustrates the frame structure of the AICH. One AICH frame of length 10 ms consists of 8 access slots (AS), each of length 10 symbols (1.25 ms). Each access slot consists of two parts, an Acquisition-Indicator (AI) part and an empty part.


[image: image1.wmf]AI

empty

AS #2

AS #

i

AS #8

AS #1

One frame (10 ms)

8 symbols (1 ms)

2 symbols (0.25 ms)

AS: Access slot


Figure 1: Structure of Acquisition Indicator CHanel (AICH)

Figure 3 illustrates the detailed generation of an AICH access slot. Note that Figure 3 shows an example implementation.

The AI-part of the access slot consists of the symbol-wise sum of 16 orthogonal code words w1-w16, multiplied by the value of the corresponding acquisition indicator AIi. The orthogonal code words w1,...,w16 are shown in  REF _Ref453124772 \h 
.

The empty part of the access slot consists of 2 zeros.

The phase reference for the AICH is the pilot symbols of the downlink PCCPCH.
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Figure 3:Schematic generation of AICH access slots.
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Table 2: Definition of orthogonal vectors w1-w16 used inFigure 3; A = 1, B=j

i
wi

1
A-B
A+B
A+B
-A-B
-A+B
-A-B
A+B
-A+B

2
-A+B
A+B
-A+B
-A-B
A-B
A+B
A-B
-A+B

3
A-B
-A+B
A+B
A+B
A-B
-A+B
A-B
A+B

4
-A-B
A+B
-A-B
A+B
-A-B
-A+B
-A+B
-A+B

5
A-B
-A-B
-A-B
-A+B
-A-B
A-B
A-B
-A+B

6
-A+B
-A-B
A-B
-A+B
A+B
-A+B
A+B
-A+B

7
-A+B
A-B
A-B
A-B
-A-B
-A-B
A-B
A+B

8
A+B
A-B
-A+B
-A+B
-A+B
-A+B
-A-B
A+B

9
A+B
-A+B
A-B
-A-B
-A-B
A+B
-A+B
A+B

10
-A-B
A-B
A+B
-A+B
A-B
A-B
-A+B
A+B

11
A+B
A+B
A-B
A+B
A+B
A-B
-A-B
-A+B

12
A-B
A-B
-A-B
A-B
A+B
A+B
A+B
A+B

13
A+B
-A-B
-A+B
A-B
A-B
-A-B
-A+B
-A+B

14
-A+B
-A+B
-A+B
A+B
-A+B
A-B
A+B
A+B

15
-A-B
-A+B
-A-B
-A-B
A+B
-A-B
-A-B
A+B

16
-A-B
-A-B
A+B
A-B
-A+B
A+B
-A-B
-A+B

The spreading/scrambling of the AICH is done is the same way as the spreading/scrambling of other DL channels, compare 25.213, Section 5.1. The AICH is spread by a channelization code of length 512 and subsequently scrambled by the cell-specific scrambling code.

5.3.3.7 Page Indication Channel (PICH)

<Editors note: The merge of AICH and PICH into ICH is under study.>

The Page Indication Channel (PICH) is a physical channel used to carry the Page Indicators (PI). Figure 5 illustrates the frame structure of the PICH. One PICH frame of length 10 ms consists of  8 access slots (AS), each of length 10 symbols (1.25ms).
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Figure 5: Structure of Page Indicator CHannel (PICH)

Figure 7 illustrates the detailed generation of an PICH access slot. There are 5 10 or 20 Page Indicators in each access slot, mapped to I and Q channels. In case of 5 or 10 Page Indicators, repetition 4 and 2 times respectively is applied. The phase reference for the PICH is the pilot symbols of the downlink PCCPCH.
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Figure 7: Schematic generation of PICH access slot
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