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1
Introduction
In [1] the updated work item on further enhancements to CELL_FACH state was approved.  The work (even before update) includes:
· Uplink related improvements of resource utilization, throughput, latency and coverage

· Fallback to R99 PRACH
Past contributions have been convincing enough that it was agreed we should introduce a mechanism for E-DCH or PRACH selection/fallback (e.g. [2], [3], [4], [5]). 
In this contribution we provide some considerations on the mechanisms and/or criterion for using PRACH in case E-DCH is supported, and offer some potential solutions. 
2
Discussion
In [2], some performance improvement gains have been shown based upon the UE attempting access on R99 PRACH only after the contention procedure fails on Rel-8 enhanced uplink. 
The analysis shows that when there are a high number of UEs in the cell, and a low number of E-DCH resources, there is a significant improvement. However, when the NW provides more than 4 common E-DCH resources per cell (the current maximum is 32) then the improvement is that around 1-2% of UEs time spent unable to obtain an E-DCH resource is eliminated. 
Hence it can be concluded that in order to achieve a reasonable system performance, the network must provide as many E-DCH resources as possible – obviously the Rel-8/9/10 UEs cannot support any improvement so the network has to take the relevant measures. 

Furthermore, since the legacy UEs cannot support this improvement, and although Rel-11 UEs can overcome the issue – this does not provide any benefit to the legacy UEs since these UEs may still end up being unable to obtain the E-DCH resource. 

In order to achieve a good performance for both Rel-11 and legacy UEs, we must think of ways in which the E-DCH resource usage can be avoided completely by some UEs. This frees E-DCH resources that would otherwise be used (when contention procedure does not fail, then even Rel-11 UE will obtain this resource, consuming resources which UEs that cannot fallback to PRACH will be unable to use)

In [4] one approach was presented, whereby the UE shall select E-DCH resource if the buffered data/message size is above a certain threshold, and select PRACH if below that threshold. This type of approach may be interesting since it allows E-DCH resources to be freed for use with all UEs. However one drawback of this particular approach is that for certain applications the performance may be degraded (for example performance of TCP/IP will be degraded if the TCP ACK needs to be sent on PRACH while TCP data packets are sent on E-DCH)
One very simple approach could be to specify that, in Rel-11, all CCCH messages shall be transmitted on PRACH, while DCCH/DTCH shall be transmitted on common E-DCH, when available. Since CCCH messages are small, the benefit of using E-DCH for transmission is small. CCCH is generally used for RRC connection establishment and re-establishment and the delay associated with transmission of the CCCH message on PRACH is negligible when compared to the other associated delays (for example the network processing delay). In fact there is little difference since RRC Connection Request/Cell Update will be sent in 1 TTI on PRACH (commonly set to 20ms) anyway compared to 10ms on E-DCH. If the E-DCH contention resolution fails, sending the message on PRACH will be faster than the fallback procedure, so the system will behave more consistently for all UEs. 
Of course such a mechanism should be only applied when the NW explicitly requests that. For example the network may wish to apply the mechanism only when the cell is highly loaded.

Proposal 1: CCCH can be configured to be sent on PRACH by default. 

It may be desirable for further resource selection splitting. For example, time-tolerant applications may not require E-DCH resources to function in a satisfactory manner (for example “low priority” data) whereas other applications such as web browsing can perform significantly better if common E-DCH resource is available.
This should also be controllable by the network. One possibility is that the UE chooses whether to select common E-DCH or PRACH based on the H-RNTI. H-RNTI is provided by the Node B to the RNC via NBAP signalling when the UE performs cell (re)selection, therefore based on the congestion status in the Node B it’s possible to determine what resource the UE should be given when selecting that Node B and hence what value of H-RNTI should be assigned.

The network can also (re)allocate a new H-RNTI at any time to the UE as it pleases; some UEs can be provided with a H-RNTI that will allows the UE to use E-DCH, while others will be assigned an identity that allows selection of PRACH. This allocation can be changed as and when the pool of available resources changes in a Node B. One simple example is that if H-RNTI LSB is 0 then use E-DCH, if LSB=1 then use PRACH. Of course there are other alternatives; but this alternative may make more sense in case of resource shortage in the Node B. 
It is also possible to use a similar approach even for CCCH by selecting the resource based on e.g. initial UE identity, or the common H-RNTI could be used which can be modified by updating system information. 
Figure 1 below shows one example of a combination of these approaches. In this case, CCCH is always sent on PRACH, and DCCH/DTCH will use PRACH or E-DCH depending on the H-RNTI. 
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Figure 1: Selection of resource based on H-RNTI and logical channel.
This way it is possible for the network to control whether the individual UE will use PRACH or not – hence the feature can be enabled only when the cell load is high, and only for delay tolerant services or services which do not need a high latency or throughput in general. In figure 2 below we give one example of how the network may use the feature to control whether or not an individual UE uses E-DCH or PRACH. 
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Figure 2: Signalling for E-DCH or PRACH selection control.
As it can be seen, the mechanism can be controlled very easily by the network and is a simple implementation change in the UE and network. This approach provides the following benefits:

· Simple to implement on both NW and UE side. H-RNTI can be allocated depending on available Node B resources or other network implementation dependant criteria. Signalling impact is minimal.
· Full network control is maintained. Can be controlled on a per UE basis (hence E-DCH priority can be given to time-critical services and e.g. delay tolerant services may use PRACH). Can be switched off altogether in the cell (so when cell is not highly loaded, all UE can use E-DCH)

· U-plane performance is not compromised, even in scenarios when many UEs are sending CCCH. For example, if the node B is near a train line many UEs will attempt to send Cell Update or RRC connection Request to the cell, compromising U-plane performance for other UEs. This performance is also compromised with the contention resolution failure fallback approach.

· Consistent performance. Sending CCCH on PRACH is already faster than waiting for the E-DCH contention procedure to fail and needing to fallback – in other words with the E-DCH failure and fallback mechanism the performance is compromised for all users.

· Also benefits the legacy UE – resources are freed even for UEs not capable of performing the resource selection or fallback mechanisms; hence system performance is more consistent and enhanced overall. 

Proposal 2: PRACH or E-DCH should be selected by the UE based on H-RNTI if the feature is enabled. Initial UE Identity can be considered for CCCH resource selection also. 
3

Conclusion
In this paper we have provided some potential ways in which the UE can select E-DCH resource or PRACH resource prior to attempting the contention resolution procedure. This has several benefits over the previously proposed approaches.
Proposal 1: CCCH can be configured to be sent on PRACH by default. 
Proposal 2: PRACH or E-DCH should be selected by the UE based on H-RNTI if the feature is enabled. Initial UE Identity can be considered for CCCH resource selection also. 
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