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Summary

This document proposes modifications to the AICH to achieve fast layer 1 acknowledgment for the FAUSCH in FDD mode.

Discussion

Whilst the benefits of FAUSCH for fast, collision free, uplink signalling are well known, it is also apparent that the delay performance of the FAUSCH is constrained by the requirement for acknowledgment via L2/3 signalling on the FACH. Although this constraint is not as limiting on the FAUSCH as it would be on the RACH, it is still beneficial to have fast L1 based acknowledgment for the FAUSCH. This would allow, for example, power ramping on a frame by frame basis, since acknowledgment is available in the same frame as the uplink request. 

Currently, the exact structure of the AICH (spreading factor - Tdoc R1-99825, and possible addition of paging indicators) is still under discussion, as is the updated definition of the FAUSCH (Tdoc R1-99823). However, it is possible to consider a method of using the AICH for FAUSCH acknowledgement which only requires slight modification for each of these possibilities.

If we consider first those cases in which the AICH is used only for acknowledgments, not combined with the paging indicator channel.

Within the period of one PRACH access slot, we have a transmission structure as shown in figure 1.
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Figure 1. Transmission structure of the PRACH.

This diagram is correct for the case of FAUSCH on a PRACH shared between RACH and FAUSCH, with PRACH access slots being dedicated for one or the other. In the case of a parallel PRACH and PFAUSCH (i.e. different physical channels) we see the same structure if we overlay the two channels, with those transmissions aligned to the PRACH access slot boundary being for RACH, the others being for FAUSCH.

In order to provide acknowledgements for such a transmission structure (Figure 1), we propose a similar structure within the AICH, shown in figure 2. 
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Figure 2. Transmission structure of the AICH.

The AICH signatures consist of a 16 symbol preamble which has 256 chip spreading, plus scrambling, applied to generate a 4096 chip sequence. Since this is a downlink transmission the relative timing and power of the signatures can be optimised, and the 256 chip spacing of fast acknowledgement slots maintains the orthogonality of the spreading code.

For the case where the AICH also carries paging indicators, or the paging indicator channel uses the same channelisation code as the AICH, we propose to wrap AICH transmissions around the PI space, as in figure 3.
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Figure 3. AICH allocations around PI.

Since the timing offset between groups of acknowledgements is 256 chips, we always perform the split at a symbol boundary, so there shouldn't be any loss of orthogonality. The drawback to this scheme is that we cannot shift those acknowledgements which would otherwise commence during the PI period. As a result we lose 1/5 of the capacity, and are unable to allocate the equivalent FAUSCH identifiers in the uplink. However, since the proposed parallel PRACH/PFAUSCH scheme offers over 2400 possible FAUSCH 

identifiers in a frame, there will still be nearly 2000 available, which is more than enough.

It has also been proposed that the AICH could operate using an 8 (complex) symbol preamble, and 512 chip spreading. In this case the time offset of fast acknowledgement slots would be extended to 512 chips. This would cause a halving of the AICH capacity for FAUSCH, but if this was a problem, as second 512 spreading code could be allocated to operate in parallel with the existing code, with no extra use of code resource compared to the 256 chip spreading case. If the extra code was not required, there would be an overall reduction in use of code resource by using the 512 chip spreading.

Recommendation
We recommend that fast acknowledgement of FAUSCH transmissions is provided via the AICH, to give improved performance of the FAUSCH. The exact structure of the AICH for these fast acknowledgements will depend on the decisions on the FAUSCH and merged AICH/PICH.

TEXT PROPOSALS
Text proposals are given for section 5.3.3.6 of document 25.211. Four different versions are given, corresponding to the following combinations of decisions on the general FAUSCH and AICH structures:

· Case 1: PRACH shared between RACH and FAUSCH (access slots may contain either RACH or FAUSCH). No merging of AICH and PICH.

· Case 2: Separate PRACH and PFAUSCH (parallel channels). No merging of AICH and PICH.

· Case 3: PRACH shared between RACH and FAUSCH (access slots may contain either RACH or FAUSCH). Merged AICH and PICH.

· Case 4: Separate PRACH and PFAUSCH (parallel channels). Merged AICH and PICH.

No text has been produced for the cases where an AICH with SF=512 is adopted, but these are easily generated by modification of the attached proposals.

Note: Text proposals will also be required for TS 25.214 on FAUSCH access procedure. No text is currently available.

Case 1: PRACH shared by RACH and FAUSCH, separate AICH and PICH.

Proposal for 25.211, Section 5.3.3.6

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 20 symbols (1.25 ms). When used to acknowledge RACH access attempts, each access slot consists of two parts, an Acquisition-Indicator (AI) part and an empty part. When used to acknowledge FAUSCH access attempts, each access slot consists of 20 fast acknowledgement slots (spaced by 256 chips), within each of which there is an AI-part.
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Figure 1: Structure of Acquisition Indicator CHanel (AICH)

Figure 2 illustrates the detailed generation of an AICH access slot for RACH acknowledgement. Note that Figure 2 shows an example implementation.

AI-parts of the access slot consist 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 Table n.

The empty part of the access slot consists of 4 zeros.

The phase reference for the AICH is the pilot symbols of the downlink PCCPCH.
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Figure 2:Schematic generation of AICH access slot for RACH acknowledgement.

Case 2: Separate PRACH and PFAUSCH, separate AICH and PICH.

Proposal for 25.211, Section 5.3.3.6

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 3 illustrates the frame structure of the AICH. One AICH frame of length 10 ms consists of 8 access slots (AS), each of length 20 symbols (1.25 ms). Each access slot consists of 20 fast acknowledgement slots (spaced by 256 chips), within each of which there is an AI-part.
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Figure 3: Structure of Acquisition Indicator CHanel (AICH)

Figure 4 illustrates the detailed generation of an AICH access slot. Note that Figure 4 shows an example implementation.

AI-parts of the access slot consist 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 Table n.


The phase reference for the AICH is the pilot symbols of the downlink PCCPCH.
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Figure 4:Schematic generation of AI-part.

Case 3: PRACH shared by RACH and FAUSCH, merged AICH and PICH.

<Note: description of PI part of AICH is not included in this proposal>

Proposal for 25.211, Section 5.3.3.6

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

Figure 5 illustrates the frame structure of the AICH. One AICH frame of length 10 ms consists of 8 access slots (AS), each of length 20 symbols (1.25 ms). When used to acknowledge RACH access attempts, each access slot consists of two parts, an Acquisition-Indicator (AI) part and a Paging Indicator (PI) part.. When used to acknowledge FAUSCH access attempts, each access slot consists of 16 fast acknowledgement slots (spaced by 256 chips), within each of which there is an AI-part. Where necessary, AI-parts are split into two sections, to avoid overlap with the PI-part.
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Figure 5: Structure of Acquisition Indicator CHanel (AICH)

Figure 2 illustrates the detailed generation of an AICH access slot for RACH acknowledgement. Note that Figure 2 shows an example implementation.

AI-parts of the access slot consist 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 Table n.


The phase reference for the AICH is the pilot symbols of the downlink PCCPCH.

Case 4: Separate PRACH and PFAUSCH, merged AICH and PICH.

<Note: description of PI part of AICH is not included in this proposal>

Proposal for 25.211, Section 5.3.3.6

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

Figure 6 illustrates the frame structure of the AICH. One AICH frame of length 10 ms consists of 8 access slots (AS), each of length 20 symbols (1.25 ms). Each access slot consists of 16 fast acknowledgement slots (spaced by 256 chips), within each of which there is an AI-part, and a PI-part. Where necessary, AI-parts are split into two sections, to avoid overlap with the PI-part.
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Figure 6: Structure of Acquisition Indicator CHanel (AICH)

Figure 7 illustrates the detailed generation of an AICH access slot. Note that Figure 7 shows an example implementation.

AI-parts of the access slot consist 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 Table n.


The phase reference for the AICH is the pilot symbols of the downlink PCCPCH.
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Figure 7:Schematic generation of AI-part.
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