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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.

1.1 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 for Rel-99 :

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.

With the introduction of E-DCH in CELL_FACH in Release 8, the PRACH code is unique for the E-DCH common accesses, and therefore a selection was not required. Since there was only two groups of signatures, the increase in the blocking and collision probability was not a concern. After the agreements to introduce additional PRACH scrambling codes for release-11, it also introduce the need for an updated selection of PRACH configuration in order to support flexible network configurations such as the one depicted by  Figure 1.

[image: image1] Figure 1. Additional example of PRACH signatures groups configurations per PRACH configuration


2 Discussion

2.1 Handling of release-11 PRACH configurations
Upon introduction of E-DCH in CELL_FACH in Release-8, the selection of the PRACH configuration was restricted to only one option that configured a single PRACH scrambling code. Due to the need of increase the signature partitioning and to cope with the growing mobile broadband type of traffic, the network operators would require to enable additional PRACH scrambling codes to cope with the particularities of the traffic observed in each cell. The increase on the traffic will have different characteristics in terms of the capabilities of the UEs that will affect the network planning and dimensioning, meaning, that pre-release 11 E-DCH in CELL_FACH capable UEs will behave following the legacy procedures, and in this specific case, selecting a single scrambling code for the random access attempts.

With the introduction of Rel-11 capable UEs, the selection of the scrambling code should be able to balance the effect of the absolute selection of the legacy UEs. If the Rel-11 UEs just have a random selection of PRACH scrambling code it might contribute to worsen the unbalance that the “legacy” UEs will generate, especially when they are the dominant type of UEs in the network. As show by the example of Figure 2, if there is two scrambling codes configurations defined (PRACH 0 and PRACH 1), if using a uniformly distributed RANDOM function to select the scrambling code (PRACH configuration) for Rel-11 capable UEs , then even when the traffic input is 80% legacy and 20% rel-11, the utilization of the PRACH configuration will be 90% for the “legacy” configuration and only 10% of the traffic for the new available scrambling code (PRACH configuration). This is a very likely scenario during the introduction of rel-11 capable UEs that operators will face and has a changing nature at the time that more rel-11 UEs are deployed in their cells..

[image: image2.emf]UEs not 

supporting 

concurrent 2ms 

and 10ms

UEs supporting 

concurrent 2ms 

and 10ms

E.g. 80% of traffic

E.g. 20% of traffic

Select RANDOMLY 

PRACH configuration

Select Legacy 

PRACH 

configuration

PRACH 0 

(legacy & Rel-11)

PRACH 1 

(Rel-11)

50% UEs

50% UEs

100% UEs

90% of all traffic

10% of all traffic


Figure 2
Example of PRACH configuration selection (including scrambling code parameter) if Rel-11 UEs selection uses a random uniform distribution
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. In a uniform UE base scenario (mainly release-11 capable UEs) with the currently given 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). 

Since the traffic is different from network to network and even from cell to cell bases, the operator should be able to configure the weight of each of the PRACH configurations to balance the deployment of the available PRACH scrambling codes accordingly. In consequence an additional “bonus” weight is needed to make more likely the selection of one scrambling code and their set of signatures.
This can be easily introduced by adding a new IE to the PRACH preamble parameters to specify the bonus weight for the selection of such configuration if several candidates are present  
An alternative is to configure a Weight for each of the configured PRACH indexed in order to give the operator the possibility to set specifically the likelihood of the UEs choosing between the different PRACH configurations.
Proposal 1 The PRACH preamble control parameters (for Enhanced Uplink) are selected taking into account a weight parameter provided by the network 

Proposal 2 If the NW does not configure the weight, the UE shall choose a PRACH scrambling code randomly with the weight depending on the number of signatures available for the TTI/capability/subfeature. 


3 Conclusion

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

Proposal 1
The PRACH preamble control parameters (for Enhanced Uplink) are selected taking into account a weight parameter provided by the network
Proposal 2
If the NW does not configure the weight, the UE shall choose a PRACH scrambling code randomly with the weight depending on the number of signatures available for the TTI/capability/subfeature.
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