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Discussion and Decision
1 Introduction
In RAN2#81 and RAN2#81bis, [1] and [2] have discussed about the potential mismatch between signatures and common E-DCH resources.

In Release 11, FE-FACH configurations may be rather complex with several partitions spread across different PRACH preamble configurations. This contribution aims to shed some light into those configurations and the interpretation for each of them as well as the correct mapping of resources 
2.1 Discussion
In Release 8, the network may configure Enhanced Uplink in CELL_FACH state and Idle mode. Among other parameters, the network needs to provide a certain preamble scrambling code number and a set of signatures to be used in that preamble scrambling code number. The preamble scrambling code number for Enhanced Uplink in CELL_FACH may either be the same as the network uses for Release 99 UEs, or a different code number. These parameters are provided in the IE “PRACH preamble control parameters (for Enhanced Uplink)”.
When the UE access the network, the UE randomly chooses one of the available signatures. Each signature have a 1-to-1 mapping with a common E-DCH resource so that if AIs on AICH carry an ACK, the UE is assigned the default common E-DCH resource associated to the signature used by the UE. The mapping between signatures and default common E-DCH resources is specified in TS 25.211:
X = SigInd mod Y, where X is the default common E-DCH resource index, SigInd is the signature index and Y is the total number of common E-DCH resources defined in the cell.

Signature index is, therefore, a key parameter to correctly calculate the common E-DCH resource. The signature index is not directly the signature but a relative position of the signature in the list. Each available signature is assigned a signature index from signature index 0 to signature index N-1, where N is the number of available signatures, starting with the lowest available signature number and continuing in sequence, in the order of increasing signature numbers. This renumbering is ensured by the “ASC setting” subclause in TS 25.331. However, in Release 11, the IE “PRACH partitioning” is not present but inherited from Release 8. Hence, it is unclear how the renumbering is done for Rel-11 partitions. The renumbering could the inferred by the specified text in 25.211. However, this could lead to the following two issues explained below:
Problem 1 – Coexistence between Release 8 and Release 11 UEs

A Release 8 UE supporting common E-DCH will have two partitions: RACH R99 and common E-DCH Rel-8. The signatures used to request a common E-DCH resource are assigned a signature index from 0 to N-1 and the mapping between signatures and common E-DCH resources is the result of the formula indicated above.
A Release 11 UE supporting the IE "PRACH preamble control parameters extension list Type 1 (for Enhanced Uplink) (which we will call, Partition 1) will have configured at least the following three partitions: RACH R99, common E-DCH Rel-8, and Partition 1. A Rel-11 UE may use Partition 1 or common E-DCH Rel-8 partition to request a 10 ms TTI common E-DCH resource.
It is to be noted that partition 1 may be configured in the same preamble scrambling code as common E-DCH Rel-8 and also in a different preamble scrambling code. In this situation, the UE compiles a list of candidate PRACH preamble control parameters from the IE "PRACH preamble control parameters extension list Type 1 (for Enhanced Uplink)" included in System Information Block 22 and the IE "PRACH preamble control parameters (for Enhanced Uplink)" included in "Common E-DCH system info" in System Information Block 5/5bis, in the order of appearance as in System Information Block 22 followed by System Information Block 5/5bis, respectively. 

Two examples are shown in the figure below.
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Example 1




Example 2

The main question is how these signatures are renumbered and how this relates to the mapping of default common E-DCH resources. 

An example for a Release 8 UE follows:
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According to 25.211, signature 13 is assigned a signature index 0, signature 14 is assigned a signature index 1, and signature 15 is assigned a signature index 2. Those signatures are then mapped to default common E-DCH resources as shown in the figure from common E-DCH resource index 0 to common E-DCH resource index 2, respectively.

For a Release 11 UE, the renumbering is not specified or not correctly specified. If the renumbering is done as specified in 25.211, the following renumbering is obtained:
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After compiling the candidate preamble scrambling codes, the UE assigns the signature indexes as described above and shown in the figure. The signatures will map to default common E-DCH resources as shown in the figure.

A coexistence error occurs if this renumbering is used. As it can be observed, for a Release 11 UE, the first signature in Rel-8 common E-DCH is assigned the signature index 4. This lead to map the corresponding signature to the default common E-DCH resource index 4.
On the other hand, a Release 8 UE, the first signature in Rel-8 common E-DCH is assigned the signature index 0. This lead to map the corresponding signature to the default common E-DCH resource index 0.

The network does not have any information of the UE release during the random access. Hence, the network does not know which of the two default common E-DCH resources have been allocated. 

Conclusion: Renumbering as specified in 25.211 should not be used to renumber signatures used to request a 10 ms TTI common E-DCH resource

A simple approach to resolve this issue is obtained by renumbering the signature indexes in each partition and preamble scrambling code as shown below. 
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After compiling the candidate preamble scrambling codes, the UE assigns the signature indexes as described above and shown in the figure. The signatures will map to default common E-DCH resources as shown in the figure.

No coexistence issue appear with this renumbering. As it can be observed, for a Release 11 UE, the first signature in Rel-8 common E-DCH is assigned the signature index 0. This lead to map the corresponding signature to the default common E-DCH resource index 0. A Release 8 UE, the first signature in Rel-8 common E-DCH is assigned the signature index 0. This lead to map the corresponding signature to the default common E-DCH resource index 0.

It is only to be noted that two different signatures will point to the same default common E-DCH resource index; however, this is not an issue.
Problem 2: Erroneous mapping between common E-DCH resources and Partition 2/3
When Release 11 is introduced, the network may split the signatures in up to five groups; however, depending on the UE capabilities, the UE may configure at most three partitions: Rel-8 partition, partition 1, and either partition 2 or partition 3.as shown in the example below.
Following 25.211, the signatures are assigned signature indexes in consecutive order as shown in the figure below:
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Signature index 6 is mapped to default common E-DCH resource index 6. However, this common E-DCH resource may not have been defined as a 2 ms TTI common E-DCH resource. In Release 11 the network may configure IE “Concurrent TTI partition index” which indicates the first 2 ms TTI common E-DCH resource.
Conclusion: Renumbering of signatures as described above should not be used to renumber signatures used for Partition 2 or Partition 3.
A solution would be to renumber the signatures in each partition as shown in the figure below (and also as suggested for solution in Problem 1)
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Hence, the first signature index (index 0) would be allocated to signature 10. This solution does have one drawback which is that the signature index does not point to the correct default common E-DCH resource. Yet, this could be easily resolved by introducing the IE “Concurrent TTI partition Index” as an element in the formula to calculate the default common E-DCH resource: 




X = (SigInd + Concurrent TTI partition Index) mod Y
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The solid line represents the default common E-DCH resource to which the first signature for Partition 2/3 will point if the current formula is used. It can be observed that it is wrong. The dash line represents the default common E-DCH resource to which the first signature for Partition 2/3 will point if the updated formula is used.

3 Summary and Conclusion
It is being observed that providing indexes in sequence from 0 to N-1 in the order of increasing signature numbers across successive candidate PRACHs and/or partitions may lead to coexistence issues as well as to erroneous mapping of common E-DCH resources. 

It is very important that both UE and network have a very clear understanding on the signature index for each available signature in each of the defined partitions across candidate PRACH configurations. Therefore, a simple solution to renumber signatures should be used.

It is kindly requested to RAN2 to discuss and agree in the following two principles/proposals:
1) Signature indexes are renumbered for each defined PRACH configuration parameter.
This ensures that for each defined partition in each defined preamble scrambling code, signatures always are indexed always starting from zero.
2) The formula to calculate the default common E-DCH resource index should be updated for 2 ms TTI as shown below:
X = (SigInd + Concurrent TTI partition Index) mod Y
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