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1 Introduction
RAN#51 approved the work item “Further Enhancements to CELL_FACH”. This work item focuses on four main areas for the downlink and uplink: resource utilization, throughput, latency and coverage. In addition, UE battery life improvements and signalling reduction are within the scope of this work item.

This contribution focuses on some general aspects of the fallback to PRACH R99 design, what to fallback and why, and last how to indicate the fallback to PRACH R99.
2 Discussion
2.1 General – The need of fallback to PRACH R99
A high increase in the HSPA mobile broadband penetration is predicted for future and thus one can expect the resource to handle all this traffic will be needed in HSPA networks. Already now, networks are for instance experiencing a considerable high usage of Random Access channels. In the near future, smartphones and dongles (considering smartphones and dongles as the main data load contributor in current networks) will be capable of using E-DCH in CELL_FACH. This, together with the increased “chatty-ness” of applications, will set a requirement for operators to increase the amount of common E-DCH resources and, therefore hardware. 
On the other hand, R99 PRACH will be in all the cells and can not be removed to serve legacy UE, even if the majority of UE are EDCH capable.

Fallback to PRACH will assist to: 

a) achieve maximum utilization of the already available resources 

b) alleviate the need to increase the number of resources to maintain the same blocking probability.

c) allow the network to redirect (some part of) the traffic towards R99 PRACH in case of resource shortage/unavailability in some areas of the network. This could be radio or network element.

Further, and as discussed in previous RAN2 meetings, this resource utilization use-case is the reason for introduction of the feature. Hence, it would be wise to first rule out solutions which address alternative use-cases – specifically those which are intended to address link efficiency. In particular, on solution discussed was a fallback threshold based on UE MAC buffer occupancy. It might be hard to predict how many UE will use the resources if DTCH data can select PRACH or E-DCH based on buffer occupancy. In addition, since the application traffic is difficult to predict from a L2/3 point of view even in the UE, for bursty traffic the UE might select PRACH for a first packet, but overall have a relatively large amount to send from e.g. application resulting in an less efficient operation - the opposite to what is intended.
Proposal 1 Solutions addressing the link efficiency use-case such as buffer occupancy based PRACH selection should be ruled out
2.2 What to fallback and why
As pointed out in the above section, the fallback will be useful in some cases, especially when the number of resources for common E-DCH is limited and/or at high loads. The question is then what type of traffic needs to be fallback to PRACH. 

The typical type of user traffic profile which may be handled in CELL_FACH state is small and intermittent data transmissions. Smartphones are a clear example of the type of devices which will create such type of traffic. Most of this user data traffic may be tolerant to some delay.

On the other hand, a fair amount of signaling i.e. control plane data is also carried in CELL_FACH state and Idle Mode. Control plane data is more sensitive to delays. Delays in control plane will mean larger delays to be upswitched to CELL_DCH state, for instance. One example consequence easily observable by operators and end-users will be accessibility: speech setup times will increase. We can conclude that control plane signaling is more sensitive and, therefore, the probability of blocking control plane should not be increased. 
In high resource utilization levels, the overall (for both control plane and user plane equally) blocking probability will increase. If control plane blocking probability is to be maintained, the network must be able to re-direct the control plane to other channel i.e. to PRACH. 
Proposal 2 The network should be able to configure control plane signaling (CCCH/DCCH) to be transmitted on PRACH
As a second step, the network may need to still steer other type of data i.e. user plane data to PRACH. It is already possible to steer all the traffic over PRACH simply removing all common E-DCH configuration from SIB5. This implies considerable processing in the RNC as well as network signaling. It is not optimal to remove the configuration each time there is a high peak of load in the network. Doing so will cause a sudden offload from common E-DCH resources to PRACH which may lead to overloading the PRACH capacity.

In order to progressively offload the common E-DCH resource utilization and to minimize impact in the user performance, the network may still request the UE to transmit their user plane data (DTCH) over PRACH. 
Proposal 3 The network should be able to configure user plane data to be transmitted on PRACH.

The purpose of the fallback to PRACH is to achieve the maximum resource utilization and offload the network, and it is the network the only one who knows about the load situation. Hence, the UE should request access and transmission on PRACH only if the NW has configured the UE to do so. 

Proposal 4 The UE shall request a PRACH resource only if configured by the network
2.3 How to signal fallback to PRACH

If it is agreed that PRACH is only used if indicated by the network, this indication can be provided in:

· Dedicated signaling,

· Broadcast system information, 

· AICH 
2.3.1 Dedicated signaling

Dedicated signaling could be used to indicate to the UE which type of traffic should be sent over PRACH and which type of traffic over E-DCH. 
Some UE, identified by the network as UE using only small packets could be kept in R99 PRACH, or sent from DCH directly to R99 PRACH. This flexibility is not allowed in current specification: A UE capable of E-DCH can not be configured by the network to use R99 PRACH via dedicated signalling.

This would allow the NW to optionally redirect UE in R99 PRACH for all channels after signaling has been transmitted on R99 PRACH.
2.3.2 Broadcast system information

Another approach to signal to the UE the use of RACH R99 is to indicate so by means of System Information. Broadcast system information can be changed any time and as often as the network wishes to do so. Depending how often the network needs to change the system information and how critical is that the information is acquired by the UEs; this information is included in a system information block which uses a tag value or a system information block which uses an expiration time. The later one is meant to be used if there is some information which needs to be changed dynamically such as, for instance, UL interference which is carried in SIB7. 
Currently an UE has to have a valid SIB7 before accessing the network which makes this field as good choice of fall-back indication. However in Release 7 and Release 8, the UE may consider the SIB7 valid for a longer period of time. In Release 11, UEs may support 2nd DRX cycle. The 2nd DRX cycle may also imply that the UE may not have an up-to-date value for the SIB7. With this in mind, the SIB7 reading conditions will need to be adjusted.
2.3.3 AICH indication

[1] discussed about how to mandate the UE to transmit on RACH using combinations of AI and E-AI. This solution follows a similar solution presented in [2]. The drawbacks of overloading AI/E-AI are presented in [3]. [3] presented serious drawbacks when overloading AI/E-AI in the case more than one UE was acked/nacked in the same random access. It is easy to realize that if it is even more overloaded, the consequences may be critical for the system when the load in CELL_FACH state is expected to increase considerably.

One alternative would be to use legacy AICH procedures and reserve one of the signatures to point for a non-default common E-DCH resource to indicate RACH. However, one of the drawbacks of this approach is that the network may not know if the UE supports fallback to RACH. The UE could be Release 8, for instance. In such a case, the network will have to reserve both a RACH resource and a common E-DCH resource until it sees data coming from one of the resources. This will, as a matter of fact, not help to reduce the common E-DCH resource utilization since the network, for each signaled fallback, will have to reserve for a period of time a common E-DCH resource. 
In addition, it will also set constrains on the number of UEs which can be indicated the fallback to RACH R99 per access slot. This is due to the same reason as before. Since the NW does not necessarily know if the UE supports fallback to RACH R99, the NW would need to account for it. In other words, even if the network indicates fallback to RACH R99, the network will need to reserve common E-DCH resources. UEs not supporting fallback to RACH R99 will see that the network provides a common E-DCH resource and the UE may start transmitting in a common E-DCH resource which could be occupied by another UE.
Proposal 5 Dedicated signaling and broadcast system info may be used to indicate the use of RACH R99.

a. Dedicated signaling may indicate:
i. if all traffic is to be transmitted on RACH
b. SIB7 signaling may indicated:

i. If CCCH data is to be transmitted on RACH

ii. If DCCH data is to be transmitted on RACH
3 Conclusion

It is kindly proposed to discuss and agree on the following proposals:
Proposal 1
Solutions addressing the link efficiency use-case such as buffer occupancy based PRACH selection should be ruled out
Proposal 2
The network should be able to configure control plane signaling (CCCH/DCCH) to be transmitted on PRACH
Proposal 3
The network should be able to configure user plane data to be transmitted on PRACH.
Proposal 4
The UE shall request a PRACH resource only if configured by the network
Proposal 5
Dedicated signaling and broadcast system info may be used to indicate the use of RACH R99.
a.
Dedicated signaling may indicate:
i.
if all traffic is to be transmitted on RACH
b.
SIB7 signaling may indicated:
i.
If CCCH data is to be transmitted on RACH
ii.
If DCCH data is to be transmitted on RACH
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