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1 Introduction
RAN#51 approved the work item “Further Enhancements to CELL_FACH” [1]. 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.

In RAN2#76, advantages and dis-advantages of various fallback mechanisms were discussed. In this contribution we discuss few mechanisms that can help reduce the common E-DCH resource congestion and increase control plane latency in heavily loaded networks by steering CCCH/DCCH traffic to R99 PRACH.

2 Discussion
2.1 General

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- This in order to be able to provide a low blocking probability and to be able to cope with the increasing load on E-DCH and thus provide required service provisioning.
As the number of E-DCH in CELL_FACH capable UEs increase and battery efficiency on common resources increases, UEs expected to have intermittent data transmissions will normally be kept on the common FACH resources; thus avoiding state transitions and RACH accesses. The RACH usage will thus stabilize with the fraction of FACH supporting UEs and eventually the load will be transferred from RACH to the common E-DCH resources in CELL_FACH. This in turn means that optimizations to alleviate and handle common E-DCH resource congestion in the network are vital for the coming releases.

For instance, the RACH (i.e R99 PRACH) channel will be increasingly underused while capacity is becoming scarce on common EDCH resources. Single UL transmissions (e.g. small payload transmissions, CCCH messages) would thus benefit from using unused RACH R99 resources to reduce the blocking of common E-DCH resources. Note that the RACH resources will need to be configured for legacy use.
2.2 Design principles for fallback to RACH

In RAN2#75bis and RAN2#76, the design principles of fallback to RACH have been discussed extensively. One of the most important principal that is still discussed is if a fully flexible solution in which the NW may indicate to fallback per access request may be desirable for the network or, if implicit rules such as buffer content characteristics should determine the access choice of an UE. However, a solution for both NW and UE should provide enough flexibility to control the load to E-DCH or RACH fast enough; maintaining a high resource utilization efficiency while keeping the NW and UE complexity as low as possible. 

A semi-flexible solution should be sufficient to cope with the network requirements and it would introduce a minimal impact for both NW and UE. Taking into account that the network knows the load level, we think that a SIB-based solution should be supported as baseline. 

The load on the common E-DCH resources can then be managed semi-dynamically by splitting the user plane and control plane between the PRACH and common E-DCH resources. This will create free common E-DCH resources that can be used by legacy UEs and the Rel-11 UEs for the user plane. Since legacy UEs always access the network using common E-DCH resources, this will create high interference in the cells during high load condition due to continuous power ramping. This solution helps to reduce the total interference level in the cell.

Proposal 1 An indication in System Information is used to explicitly control fall-back to R99 PRACH

2.3 UL CCCH/DCCH transmission in R99 RACH
 As mention above, CCCH messages would benefit from using unused RACH R99 resources to reduce the blocking of common EDCH resources. The payload characteristics as such are in particular suitable for R99 RACH transmission and could be used to off-load networks in peak hours.
There are two main advantages with this approach: 

1) It minimizes the number of common E-DCH resources that the network needs to set-up and reserve.
2) Maximizes the current resource utilization in the network as RACH resources that need to be allocated for legacy UEs are less underutilized.

In peak hours, it is very important to ensure that signaling is preserved and transmitted without much delay. However, the network does not know a priory whether a UE is trying to send signaling data or user data. Only after the NW has received the first MAC-i PDU the NW is aware of the payload that ts used. This implies that when the common E-DCH resource utilization is high, there is a much larger probability to delay signaling data. This will be reflected in that services which require being moved to CELL_DCH state, such as GBR, will experience longer set-up times. 

The uplink RRC messages that are sent in logical channel CCCH are in general small. The size of these messages has been kept small in the standard to fit in one RACH transport block to allow their complete transmission on the RACH message part. In addition, most of the uplink RRC messages which are sent in logical channel DCCH like UDT, security mode command complete/failure, Reconfiguration complete/failure are small enough to fit into one RACH transport block.
CCCH and DCCH messages would then be the best candidates to be transmitted over RACH at high E-DCH congestion levels in CELL_FACH. This would also ensure that user data originated by smartphone-like type of traffic does not block control plane signaling and does not introduce delays on setting up real time services such as speech. This would entail a simple approach allowing the REL-11 UEs to use RACH transport channel for transmitting UL CCCH messages. This approach will thus give a better control plane latency in heavily loaded networks. This fall back can be activated and de-activated by the network based on the different resource load conditions.
Proposal 2 The indication in System Information control the actual transport channel used for UL CCCH and DCCH messages and explicitly controls UEs to transmit UL CCCH/DCCH messages on either E-DCH or RACH.
2.4 SIB signalling options

2.4.1 Indication in dynamic System Information Block 7
Given that System Information is used to control fall back to R99 PRACH, the most straightforward choice is SIB7 as this is meant to be a dynamic block. This is also one of the reasons why SIB7 has an expiration time value and has values which are meant to be changed dynamically, like the UL interference level. 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 than might be ideal for dynamically changing fall.back according to load level. Naturally this depends on how dynamically the use of the channels needs to be controlled; and it can be expected that better control is required in Rel-11. With this in mind, the SIB7 reading conditions  need to be adjusted for use of fall-back indication in Release 11.

Proposal 3 Use SIB7 to indicate fallback to RACH

In Release 8, it was agreed that if the variable HS_DSCH_DRX_CELL_FACH_STATUS is set to TRUE, the UE uses an expiration timer value equal to 800 for SIB7 (i.e. 8 seconds). In addition, it was agreed that if the UL interference value is included in SIB5, the UE only has to read the SIB7 once when entering the cell.
When a UE is performing its DRX cycles as specified in Release 8, it is to be noted that the HS-DSCH RX burst period is likely to be shorter than the SIB7 repetition factor. Taking this into account, different cases need to be investigated depending on the UE capabilities.
For cases when the UE supports DRX cycle and fallback to RACH, or UL Interference value is broadcasted in SIB5/5bis, current specifications allow the UE to keep SIB7 valid for 8 seconds or to keep SIB7 valid while the UE remains in the same cell, respectively. Keeping SIB7 valid for a long period of time may decrement the system performance. It should be studied how the SIB7 should interact with features such as UE DRX cycle, second UE DRX cycle, and when SIB5 includes the IE “UL interference”.
3 Conclusion

The volumes of traffic that are expected for a near future in the network will make necessary the introduction of mechanisms in CELL_FACH to deal with the possibilities of E-DCH resource blocking and the need of prioritize transmissions (signaling, emergency calls, etc). By allowing the transmission of signalling in RACH, the network could make sure that the coverage and reachability of the network is guaranteed even in the event of resource congestion.
In order to address these issues, we kindly request the workgroup to consider and agree to the proposals:

Proposal 1
An indication in System Information is used to explicitly control fall-back to R99 PRACH
Proposal 2
The indication in System Information control the actual transport channel used for UL CCCH and DCCH messages and explicitly controls UEs to transmit UL CCCH/DCCH messages on either E-DCH or RACH.
Proposal 3
Use SIB7 to indicate fallback to RACH
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