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1          Introduction

A WI was approved in [1] to further enhance the CELL_FACH state.  The areas of improvements are as follows:

· Downlink related improvements of resource utilisation, throughput, latency and coverage

· Uplink related improvements of resource utilisation, throughput, latency and coverage

· UE battery life improvements & signalling reduction

One of the uplink improvements that is agreed to be introduced in this WI is the RACH fallback [2].  Some proposals suggested that the UE autonomously decides to perform RACH fallback.  This contribution further discusses this UE autonomous selection in the RACH fallback feature.
2         Discussion
In the previous meetings, several UE autonomous RACH fallback schemes were proposed.  Some notable proposals are as follows:

1) UE fallbacks to RACH if it fails to obtain a common E-DCH resource [3]

2) Network broadcast a threshold and UE with packet smaller than this threshold uses RACH otherwise it use E-DCH [4]

It was also suggested that in future releases UE in CELL_FACH using common E-DCH and hence RACH will not be utilised [4].  These proposals assumed that RACH is always free or that the UE somehow has up to date knowledge of the NB scheduler.  Firstly, a typical network needs to support legacy UEs which uses only RACH.  This usage would be heavier for Rel-7 UE that can support HS-DSCH but do not support E-DCH in the uplink and needs to access the RACH for all uplink transmissions.  Secondly, if it is foresee that less UE will use RACH in the future, then practically, future NB would use less hardware resource to support RACH capacity and instead use the hardware resource for E-DCH in CELL_FACH.  Hence, the assumption that the RACH is unlikely to be congested is not valid.  
The proposal in [3] where the UE autonomously uses RACH after failing to obtain a common E-DCH will add additional load to the RACH resource.  It is unclear if the UE would backoff a random time before re-trying using the RACH resource.  If a backoff is used then the availability of the common E-DCH resource may change after the backoff timer expires (which is the whole point of backoff).  Whether there is a backoff or not, the UE does not know whether the RACH resource is available nor does it know whether by using the RACH it would cause congestion to other (e.g. legacy) users.  The NB that has knowledge of the status of the RACH & E-DCH resources but it cannot prevent the UE from using RACH.
In proposal [4], the network broadcasts a packet size threshold where UE who has packet less than this threshold would autonomously select RACH for transmission otherwise it will use E-DCH.  The network can also indicate that it does not want UE to use RACH via broadcast.  It is assumed here that RACH is always free, that RNC would have up to date information of the NB’s scheduler and the broadcast message can be quickly changed and received by the UE.  By broadcasting a packet size, it is possible that congestion is introduced even though there are sufficient resources available.  For example, if 10 UEs in CELL_FACH (e.g. in a bus) moves to a cell where there are 5 E-DCH resources and 5 RACH resources available, by broadcasting a packet size threshold of say 168 bits, would cause all 10 UEs to use RACH resources for their cell update and possibly causing the other 5 UEs to backoff thereby delaying their access.  Meanwhile the 5 E-DCH resources are unused.  If the NB makes the decision in allocating the type of resources, it would easily assign 5 RACH resources to 5 UEs and 5 E-DCH resources to the remaining 5 UEs.  It is also shown in [5] that the gain, measured as probability of obtaining an uplink resource, is highly dependent upon the loading of the RACH and E-DCH and the loading of these resources are known at the NB not at the UE or the RNC.  Hence, the broadcast method, which basically bypasses the NB, is not efficient in scheduling the (RACH & E-DCH) resources.
Another assumption made on using RACH is that it is more efficient in carrying small packet than that in E-DCH.  It is also argued that RACH resource is released faster than that in common E-DCH thereby leaving the resource available for other UE to use.  However, it is shown in [6] that RACH is less efficient in carrying data than E-DCH.  Furthermore, unlike E-DCH, RACH does not benefit from power control and HARQ transmissions making it even less desirable comparing with E-DCH in carrying data especially if retransmission is required.  Although E-DCH may hold on to the resource marginally longer than that of RACH, in a non congested environment, using E-DCH is far more efficient in carrying UE data.  In the case of congestion, since the NB is aware of the loading status of both type of resources, it is the best entity to schedule the type of resources.
Proposal 1: UE supporting RACH fallback feature shall not autonomously select RACH
Proposal 2: The NB decides whether a UE should use E-DCH or RACH for its uplink transmission
A method similar to that proposed for the concurrent 2/10 ms operation feature [7] can be used for RACH fallback.  The procedure is as follows:
1. UE supporting RACH fallback uses a reserved set of preamble signature for its initial access.  

2. The NB evaluates the availability of its resource and would signal its decision using AICH/EAI.  The NB decision can be one of the following:
a. Allocate an E-DCH resource

b. Allocate a RACH resource

c. NACK

3. If given an allocation the UE uses the resource indicated by the NB for its transmission.  NOTE: If the UE is allocated a RACH, there is no need for the UE to go through the preamble process again.  
4. If a NACK is received, the UE performs its legacy procedure and backoff a random time before re-trying accessing the network

The RNC needs to map the type of transport channel (RACH or E-DCH) to the RB.  If a RACH is used, a RRC reconfiguration may be required to change the mapping to E-DCH and vice-versa.  The UE may need to request to the network for a change in transport channel or it can disconnect and try to reconnect again hoping to get its preferred transport channel.  This may lead to a lot of RRC reconfiguration messages and also RRC messages are not fast enough to response to changes at the NB scheduler.  This reduces the efficiency of the transmission making the RACH fallback feature undesirable.  Hence, in order for this feature to work efficiently, the UE needs to be able to use RACH or E-DCH (allocated by the NB) without requiring RRC reconfiguration or disconnecting.  That is once the UE releases the resource its next transmission (involving preamble stage) should allow it to use either RACH or E-DCH.  This would introduce some complexity at the network to be able to handle multiple RB mappings to the same UE.
Proposal 3: The NB should be able to switch the UE resource type between RACH and E-DCH without requiring a RRC layer reconfiguration or disconnecting the UE.
3
Conclusion
This contribution investigated the proposals that suggest that UE autonomously select the RACH resource in the RACH fallback feature.  It is found that NB shall always decide on the type of resource (RACH or E-DCH) a UE should use.  In order to get the benefit and have efficient operation of the RACH fallback feature, the following are proposed:
Proposal 1: UE supporting RACH fallback feature shall not autonomously select RACH

Proposal 2: The NB decides whether a UE should use E-DCH or RACH for its uplink transmission
Proposal 3: The NB should be able to switch the UE resource type between RACH and E-DCH without requiring a RRC layer reconfiguration or disconnecting the UE.
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