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1 Introduction

The following was agreed in RAN1#51 regarding E-DCH resource allocation in Cell_FACH:

· The E-DCH resources which are allocated in Cell_FACH are defined in terms of:

· UL scrambling code

· E-RNTI

· F-DPCH code and time-offset

· E-RGCH/E-HICH code and signatures

· E-AGCH code

· HS-DPCCH parameters (power offsets, CQI) (although the use of HS-DPCCH was left FFS)

· A list (common pool) of at least 8 EDCH resource configurations is broadcast, and the response to a PRACH preamble points to an index in the list.

In this paper we discuss a number of aspects of the details of the E-DCH resource allocation mechanism.
2 E-DCH resource assignment

2.1 AICH versus HS-SCCH 

An open issue from RAN1#51 was whether the E-DCH resource allocation takes place via AICH or via HS channels. 

In general, the more information that can be preconfigured and broadcast, the less information needs to be signalled when the E-DCH resource in Cell_FACH is allocated. As it has been agreed to broadcast an indexed list of at least 8 E-DCH resource configurations, the number of bits needed to indicate the index is quite small. This is a better match for AICH-based solutions than for the HS channels. 
Moreover, an AICH-based solution is in principle faster as the resource allocation can be carried out simultaneously with the preamble acknowledgement. Using the AICH also avoids taking resources from HSDPA.

Therefore AICH-based mechanisms seem preferable.
2.2 Mapping between E-RACH preambles and E-DCH resources

In [1 – 4], various options for allocating and signalling E-DCH resources using AICH were considered. These range between the extremes of a one-to-one mapping, where each E-RACH preamble is directly associated with one E-DCH resource, to a  totally free mapping where any of the configured E-DCH resources can be allocated in response to any E-RACH preamble [4]. Between these extremes are possibilities such as “one-to-many mapping” [2]. We could also consider “many-to-many” mapping, where a subset of E-RACH preambles corresponds to a subset of E-DCH resources.
To minimise the amount of resource allocation signalling required, a combination of these options seems attractive, as follows:

1. A default one-to-one mapping to one E-DCH resource index for each E-RACH preamble signature. 
(This could be fixed, by a specified relationship between index numbers).

2. If the default E-DCH resource index corresponding to a transmitted E-RACH preamble signature is available, the NodeB acknowledges the preamble using the AICH in the normal (i.e. Rel-99) way. (No further signalling is needed, hence reducing interference and improving detection probability.) 

3. Only if the default E-DCH resource index is not available, the NodeB sends additional AICH-based signature(s) together with the ACK, to assign a different resource. 

a. The assignment of a different resource should be as flexible as possible (i.e. minimal restrictions in terms of the mapping between preamble and resource) within the constraints of the number of signalling bits available.

b. The mechanism should be extensible in a generic way to different numbers of E-DCH resources and E-RACH preamble signatures (for future-proofness). 

In [1] and [4], it was proposed to use 16 additional Q-phase signatures on the AICH to signal the resource allocation. This is the simplest and most robust method, and we propose using this as the mechanism for step 3 above. The spare 1024 chips at the end of the AICH could in principle be used as well, but we prefer not to use these as it would result in a rather inelegant structure with codes of different lengths. Using ternary signalling was also suggested in [4], and we would prefer to use this on the Q-phase signatures if necessary, rather than the 1024 spare bits. Note that the number of resource allocation possibilities with ternary signalling over 16 signatures is greater than the number of resource allocation possibilities with binary signalling over 24 signatures (316>224).
We now consider a generically-extensible way to use these 16 (or 27) available bits for E-DCH resource allocation, in order to ensure that the mechanism can be reasonably future-proof:
Assuming that binary signalling is used, the maximum number of bits required is given by 
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, where P is the number of configured E-RACH preambles and E is the number of configured E-DCH resources. This would enable any E-DCH resource to be allocated in response to any E-RACH preamble, with any combination of E-RACH preambles being transmitted simultaneously. Therefore a fully free mapping to allocate any of 8 E-DCH resources to any of 8 E-RACH preambles requires 8.log2(8) = 24 bits, which cannot be signalled with binary signalling on the 16 Q-phase signatures alone. 

However, note that an 8-to-8 mapping can be broken down into two 4-to-4 mappings with only a small loss of flexibility. A 4-to-4 mapping needs only 4.log2(4) = 8 bits and therefore can be signalled using binary signalling on the 16 Q-signatures. 

An example is shown below:
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This principle can further be applied to enable the allocation signalling to be extended generically for different numbers of E-DCH resources and E-RACH signatures. 

For example, if 16 E-DCH resources and 16 E-RACH preambles were available, 64 bits would be needed for a fully free mapping. This cannot be signalled even by using ternary signalling with 24 signatures (including both the Q-signatures and the additional new signatures on the 1024 spare chips). However, by breaking the mapping down into 4 groups of 4, the number of bits needed reduces to 8. 

In this way, the association between E-DCH resources and E-RACH preambles can be used to trade off the collision probability against the blocking probability. For example, with 16 binary bits available for E-DCH resource allocation and a fully free mapping, only 3 E-RACH preambles can be configured if 32 E-DCH resources are configured. But by subdividing the 32 configured E-DCH resources into 4 subsets of 8 resources, and likewise subdividing the 32 configured E-RACH preambles into 4 subsets of 8 preambles, a one-to-one mapping can be defined between the E-RACH preamble subsets and the E-DCH resource subsets. Then a UE wishing to access the network makes a random selection of any one of the E-RACH preambles. The subset containing the selected preamble indicates a subset of E-DCH resources, and the NodeB then only needs 3 bits in order to indicate which of the 8 E-DCH resources within the subset is allocated to the UE. Thus a much reduced collision probability can be achieved at the expense of a small increase in the blocking probability. 

To show the extent of this flexibility, the following graph shows the numbers of E-RACH preambles and E-DCH resources that can be configured with different degrees of division into subsets, assuming that 16-bit binary signalling is used to allocate the resources. 
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A similar view is obtained for ternary signalling using the 16 AICH Q-phase signatures:
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This also keeps the number of signatures the UE has to detect simultaneously down to a small number, even if a large number of E-DCH resources are configured. 
Therefore we propose that if 
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 is greater than the number of available bits (TBD 16 or 27), the E-DCH resources and E-RACH signatures are broken down into the largest equal-sized subsets for which a fully-free mapping can be signalled with the available bits, as shown above. 

2.3 Validity period for E-DCH resources in Cell_FACH
The longer the E-DCH Cell_FACH resources remain valid for, the larger the broadcast list of indices needs to be to keep the blocking probability sufficiently low. Therefore an RRC reconfiguration should take place as soon as possible, to release the E-DCH Cell_FACH resources. 
However, there will be some short transmission cases where moving to Cell_DCH is not appropriate, such as for HTTP requests. In these cases, the E-DCH Cell_FACH resources would be used for the duration of the short transmission and then released. 
2.4 Handling of blocking
In the event of blocking occurring, it should be possible to recover as quickly as possible. Therefore, as suggested in [1], we propose that the power ramping for E-RACH should be shortened following an AICH NACK compared to the normal RACH power ramping. Options to consider could be starting the next preamble after a NACK at the same power as the preamble that was NACKed, or starting with a slightly-reduced power but not the usual initial power, or using a larger power step for the preamble ramping. 
We suggest simply starting with the same power as the preamble that was NACKed.
3 Conclusions

From the above discussions, we conclude the following points:

· AICH-based E-DCH resource assignment is preferred. 
· A default one-to-one mapping is defined between each E-RACH preamble signature and one E-DCH resource. 

· If the default E-DCH resource index corresponding to a transmitted E-RACH preamble signature is available, the NodeB acknowledges the preamble using the AICH in the normal (i.e. Rel-99) way. 

· Only if the default E-DCH resource index is not available, the NodeB sends additional Q-phase AICH-based signature(s) to assign a different resource: 
· Binary or ternary signalling is used. 

· The spare 1024 chips are not used. 

· The mechanism for signalling the resource allocation should be extensible in a generic way to accommodate different numbers of configured E-DCH resources:
· if the number of bits needed for a fully-free mapping between preambles and resources is greater than the number of available bits (TBD 16 or 27), the E-DCH resources and E-RACH signatures are broken down into the largest equal-sized subsets for which a fully-free mapping can be signalled with the available bits.

· E-DCH Cell_FACH resources should be released by RRC reconfiguration as soon as possible, except for some short transmissions such as HTTP requests. 
· If an E-RACH preamble is NACKed, the power ramping for the next preamble transmission should be shortened; we suggest starting with the same power as the preamble that was NACKed.
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