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1 Introduction

The LS from RAN1 [1] outlines the agreements current working assumptions on the Rel-8 WI “Enhanced Uplink for CELL_FACH State in FDD”.

For the access phase, the following was agreed:

· RACH preamble ramping as in R99 with AICH acknowledgement

· Distinguishable preambles for RACH & Cell_FACH E-DCH

In this paper we discuss possible methods for allocating distinguishable preamble sets for R99 RACH and RACH for Cell_FACH (referred to here as E-RACH for short), and for subsequent allocation of E-DCH resources. 

2 RACH preamble allocation

2.1 RACH resource provision

Currently, R99 RACH allocation is carried out by RRC signalling, whereby the available PRACH scrambling codes, signatures and sub-channels are broadcast in the cell in System Information Blocks. 

For E-RACH, basically two approaches can be considered:

· partition the existing R99 RACH resources between R99 access and E-RACH, or

· configure additional “RACH-like” resources for E-RACH.

Note: Particularly in the second case it seems preferable to clearly distinguish between resources for R99 RACH and E-RACH in order to minimise any changes to existing specifications covering RACH, and we will follow that approach in the terminology used in this document.

An important factor to consider will be total RACH loading including any change in the expected number of R99 RACH access attempts and any additional E-RACH accesses.  It could be argued that the number of R99 RACH access attempts would not increase as a result of introducing Enhanced Uplink in Cell_FACH, as some R99 RACH accesses would be replaced by E-RACH accesses. However, supporting EUL in Cell_FACH is likely to increase the number of UEs in that state and so it is likely overall that additional access attempts will result (both R99 RACH and E-RACH). 

Partitioning the existing R99 RACH resources between R99 access and E-RACH would reduce the number of PRACH channels available for R99 access, thus increasing the collision probability. 

In some scenarios QoS considerations for E-RACH may also dictate lower collision probabilities than would be acceptable for R99 RACH. 

Therefore it is important to have the possibility to allocate additional resources for E-RACH access attempts. One easy way to achieve this is to define additional  scrambling codes for E-RACH, in addition to the set available for PRACH 

2.2 RACH resource signalling

The E-RACH resources will need to be broadcast in the cell. However, it is important to avoid excessive additional loading on the BCH, and efficient ways of signalling should be found. Preferably, it should not be necessary to duplicate for E-RACH all the PRACH system information which is already present on the BCH. 

Moreover, the signalling of E-RACH resources must not affect the signalling for R99 RACH access, so that legacy UEs are unaffected. 

Having defined an addition set of scrambling codes for E-RACH, one possibility for a low-overhead way to broadcast the E-RACH resource allocation would be to assume that the same resources are available in terms of signatures and subchannels as for R99 RACH, and simply indicate the new scrambling code(s) that are to be used for E-RACH. Legacy UEs would ignore this information, while R8 UEs would read the normal PRACH system information to find out which signatures and sub-channels should be used with the new scrambling code(s). 

2.3 RACH acknowledgements

It has been agreed that the AICH will be used for acknowledging E-RACH in the same way as R99.

One question is whether additional AICH signatures are needed, to correspond to the additional RACH preambles for E-RACH. 

If the additional RACH preambles for E-RACH are configured by means of additional scrambling codes, there is no change to the signatures which need to be mirrored back to the UE on the AICH. The only new potential collision could occur if a R99 UE and a R8 UE both chose to attempt access at the same time using the same signature and sub-channel, but each on a different scrambling code (the one for R99 RACH and the other for E-RACH). 

We do not believe that this possible additional collision case would be a problem. Without any additional AICH codes, the NodeB would be able to acknowledge both or neither at the same time. If both the R99 UE and the E-RACH UE were positively acknowledged at the same time, they would both continue with their transmissions. However, as the R99 PRACH message-part resources and the E-DCH resources reserved for Cell_FACH use will be entirely separate, there would be no collision in the data transmission, and both UEs could proceed without error. 

Therefore we do not believe that additional AICH signatures are needed corresponding to the additional RACH preamble resources. 

Moreover, this means that any additional information-carrying capacity of the AICH remains available. For example, it could be used for giving some indication of which E-DCH resources are to be used by the E-RACH UEs, as proposed in other contributions (e.g. [2]).

2.4 E-DCH resource assignment

A number of ways of assigning E-DCH resources have been proposed. These include mapping specific E-RACH preambles to specific E-DCH resources so that the UE selects a specific E-DCH resource when it chooses a preamble, or assigning the E-DCH resources using AICH, HS-SCCH or E-AGCH in response to the preamble. A combination of the two approaches may also be considered. 

In general, it is desirable to minimise the number of bits of resource-allocation signalling that have to be sent in response to the preamble. As the information comprises quite a large set (UL scrambling code, E-RNTI, F-DPCH code and time-offset, E-RGCH/E-HICH code and signatures, E-AGCH code), we believe it is beneficial to broadcast some information, such as a table containing indices, with each index corresponding to a particular combination of UL scrambling code, E-RNTI, F-DPCH, E-RGCH, E-HICH and E-AGCH. Then only the index needs to be signalled in response to an E-RACH preamble. 

This should result in efficient signalling of the E-DCH resource allocation, allowing methods involving the AICH to be viable. 

3 Conclusions

From the above discussion, we conclude the following:

· In order to avoid increasing the collision probability for R99 RACH, it is important to have the possibility to allocate additional resources for E-RACH access attempts. One easy way to achieve this is to make use of additional scrambling codes for E-RACH. 

· The access resources available for E-RACH will need to be broadcast in the cell. However, it is important to avoid excessive additional loading on the BCH. The additional broadcast signalling should be efficient, and not involve effectively doubling the amount of PRACH system information which is currently broadcast.

· We do not believe that additional AICH resources are needed corresponding to the additional RACH preamble resources. No message-part collision would occur even if a R99 UE and an E-RACH UE were both positively acknowledged by the same AICH transmission.

· It is desirable to minimise the number of bits of resource-allocation signalling that have to be sent in response to the preamble. We believe it is beneficial to broadcast some information, such as a table containing indices corresponding to E-DCH parameter sets. Then only the index needs to be signalled in response to an E-RACH preamble. This allows methods involving the AICH to be viable. 
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