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1 Introduction
The agreement to introduce concurrent 2ms and 10ms TTI E-DCH in CELL_FACH also introduce some considerations in order to signal a UE TTI selection that was solved by PRACH signature partition. The further grouping of PRACH signatures increases the PRACH’s blocking and transmission collision probabilities that will be seriously impacted by an already traffic growing. One of the alternative proposed was the introduction of additional PRACH scrambling codes in order to provide additional signatures to address the TTI signature partitioning.
2 Discussion

2.1 E-DCH TTI indication in CELL_FACH

It has been agreed in RAN2#76:


This agreement was intended to allow the possibility of enabling additional PRACH configurations where additional set of PRACH signatures could be deployed by a network operator in scenarios where there is high traffic load. The signatures are used by the UE to signal to the network the selected E-DCH TTI based in a network configured signature partition. The signature partition should be possible to be implemented per each of the PRACH configurations and not necessarily being the same, meaning that two different PRACH configurations may have two different signature partitions to signal: Release-99 access, E-DCH 2ms TTI and E-DCH 10ms TTI (see Figure 1). 
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Figure 1. Example of PRACH signatures groups configurations per PRACH configuration

To make fully use of the possibility of deploying additional scrambling codes, all the TTI groups should be possible to have signatures allocated (See Figure 2 example).  Otherwise, it would be impossible in some cases, for an operator enabling several scrambling codes to allow network TTI overriding with the currently discussed procedure. Additionally, the handling of some features (e.g. Fallback to release-99, HSDPCCH stand-alone, reduced RACH initial access time, etc) can be simplified by separating the accesses between pre-release 11 UEs and release-11.

Proposal 1 The network shall be able to configure signatures for 2ms and 10ms TTI E-DCH for all the available PRACH scrambling codes.
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Figure 2. Additional example of PRACH signatures groups configurations per PRACH configuration


The introduction of the PRACH scrambling code as part of the signalling to the network on the E-DCH TTI selection makes the current PRACH selection obsolete and therefore should be updated in order to reflect a more discrete selection of PRACH info in order to cover the current agreement, since a random selection of the PRACH index would lead in the UE neglecting some of the available E-DCH TTI configuration possibilities. This would harm the end user performance in some cases from not allowing the UE to select a suitable E-DCH TTI for the transmission even when the network is able to handle and second it would affect the freedom of the operators to increase the random access capacity in order to manage the future traffic increase of release-11 devices.
2.2 Deployment of PRACH codes prior Release-11

According to 25.331 section “8.5.17 PRACH selection” it is specified that the UE shall select the PRACH code randomly:

2> select a PRACH randomly from the list of candidate PRACHs as follows:

"Index of selected PRACH" = floor (rand * K)

where K is equal to the number of candidate PRACH system informations, "rand" is a random number uniformly distributed in the range 0  rand < 1 and "floor" refers to rounding down to nearest integer. The candidate PRACH system informations shall be indexed from 0 to K-1. The random number generator is left to implementation. The scheme shall be implemented such that one of the available PRACH system informations is randomly selected with uniform probability. At start-up of the random number generator in the UE the seed shall be dependent on the IMSI of the UE or time, thereby avoiding that all UEs select the same RACH;

After the selection of the PRACH index, then the UE proceeds with the signature selection based in the IE element Available Signature from “PRACH info” in case of proceeding with a RACH transmission or based in the IE element Available Signature from “PRACH preamble control parameters (for Enhanced Uplink)” in the case of E-DCH transmission.
2.3 Handling of release-11 PRACH configurations
In order to enable the concurrent deployment of 2ms and 10ms TTI E-DCH in CELL_FACH, the UE does an initial TTI selection based in the power headroom calculated after the initial preamble power is determined. By enabling additional scrambling codes in order to allow more flexibility for the signatures partitioning, means that the UE shall select the PRACH scrambling code that has configured signatures for the selected TTI. This is required since not all the TTI possibilities might be represented in each of the defined PRACH information per scrambling code.
For example, a PRACH scrambling code may be configured with very limited number of signatures to request 10 ms TTI and another PRACH scrambling code may be configured with many more signatures for 10 ms and few for 2 ms TTI.

The configuration of additional scrambling codes requires a definition of several “PRACH preamble control parameters (for Enhanced Uplink)”. Such definitions would mean that signature partition to indicate the E-DCH TTI might be present in several scrambling codes. Therefore it is reasonable to provide a clear procedure for select one set of parameters to be applied for the Random Access in order to make predictable for the network and clear for the UE what scrambling code, signatures, power thresholds, etc, should be used.
In the case presented above, the given the current mechanisms, the probability of colliding over the same signature is higher than if the UE chooses a PRACH scrambling code where there are less number of signatures assigned for that TTI. “Uneven” (different number of signatures for each TTI) configuration may be typical depending on the UE and feature penetration.

One approach to deal with uneven configurations and obtain equal collision probability is to randomly choose among the pair a signature-PRACH scrambling code. For example:

Sig1-Code1, Sig2-Code1, , Sig3-Code1, , Sig1-Code2, , Sig2-Code2, ,,,, , SigN-Code2
Another approach to the selection is choose a PRACH scrambling code randomly; however, each PRACH scrambling code would have a weight which would depend on the number of signatures available for the TTI. 

In the example above (only 3 signatures available for Code1 and N signatures available for code2), the weight for the first PRACH scrambling code would be weight_1 = 3 / (sum all signatures for that TTI). While the weight for the PRACH scrambling code 2 would be weight_2 = N / (sum all signatures for that TTI). 

Another possibility to the scenario described above is to configure a Weight for each of the configured PRACH indexed.

Proposal 2 The PRACH preamble control parameters (for Enhanced Uplink) are selected taking into account a weight parameter provided by the network or calculated by the UE as described in this document.

3 Conclusion

We kindly request to the RAN2 group to agree in the following proposals:

Proposal 1
The network shall be able to configure signatures for 2ms and 10ms TTI E-DCH for all the available PRACH scrambling codes.
Proposal 2
The PRACH preamble control parameters (for Enhanced Uplink) are selected taking into account a weight parameter provided by the network or calculated by the UE as described in this document..
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Rel-11 (2ms TTI) signatures
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Rel-8 & Rel-11 (10ms TTI) signatures 
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NW is informed of the UE’s initial decision based on UE (RACH access preamble) signature and if configured, the (RACH access preamble) scrambling code. FFS if something else in addition is needed.  
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