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1 Introduction

This document gives a high level picture of some potential improvements for CELL_FACH state that should in our view be considered for introduction in Rel-11. This is an updated version of R1-111076 (R2-111189) with some additional details in the section on preamble ramping procedure improvements (section 2.2.4).
2 Discussion

2.1 Background

During the last recent years, mobile networks have experienced a considerable increase of mobile data. This has been mainly due to the rapid penetration of smart phones, the availability of mobile broadband dongles for computers and affordable rates for consumers.
The increase of mobile data has introduced new challenges to mobile networks and the traffic characteristic of smart phones and computers is considerably different than that of traditional mobile phones. The mobile data traffic is characterized by a lot of background signaling and bursty traffic with relatively small packets. Introduction of machine type communications in the networks can be expected to follow this trend. As a result, mobile networks need to implement new mechanisms to cope with this new traffic and make efficient usage of the available resources while providing high capacity and throughputs, and minimum delays.
These requirements have been reflected in improvements since Rel-7 when CELL_FACH became a relevant state to cope with the new system demands. CELL_FACH is not considered any more as a transient state but a state in which most of the UEs may transmit and receive small to medium size amounts of data. This is one of the reasons why CELL_FACH has been improved considerably introducing features such as HS-DSCH reception or transmission of data on E-DCH instead of RACH. These features have increased the system capacity, improved the throughputs and reduced delays. 

On the other hand, CELL_DCH has been also improved in a similar way so that system capacity and throughputs can be increased considerably. While CELL_FACH should be the preferred state under many circumstances, CELL_DCH will remain the state of choice for e.g. transfer of larger amounts of data. 
2.2 Release 11 scope

For Release 11, we foresee that features will focus on:

· resource efficiency,

· capacity,

· performance improvements, and 
· latency improvements. 
While we certainly see improvements for CELL_DCH state, we also believe that CELL_FACH state will need to continue evolving to be able to cope with a large amount of UEs, to be more battery efficient, to provide reasonably low delays, and reduce the signaling load. In our view, peak rate improvements for CELL_FACH have lower priority compared to these goals.
2.2.1 Enhancements for HS-DSCH transmission
The HS-DPCCH carries CQI and HARQ ACK/NACK information, information valuable for the HSDPA scheduling decisions made by Node-B. Currently, HS-DPCCH transmission in CELL_FACH can only take place if the UE has been allocated to a common E-DCH resource triggered by E-DCH data in the UE buffer. 

Traffic characteristics are changing and we can already see that DL and UL transmissions do not always happen at the same time. This implies that many times there is only DL transmissions. In this case, when the UE does not have a common E-DCH resource, the Node-B does not receive any CQI or ACK from the UE.

Downlink performance could be enhanced if means for stand-alone HS-DPCCH transmission without simultaneous E-DCH transmission were introduced in the standard. Care should be taken to ensure an acceptable tradeoff between downlink performance, uplink control overhead, battery consumption and standard impact.
We see some value in considering dual-carrier HS-DSCH transmission but it is not one of our top priorities.
2.2.2 E-DCH resource configuration

E-DCH resource configurations are broadcasted in SIB5. These broadcasted configurations are rather rigid and, mostly, in Rel-8 the focus was to provide a functional feature capable to improve the RACH providing the same coverage. However, hot spots and other type of cells may be able to be configured with different TTIs. Currently, the network can not configure the TTIs for each (or a set) of common E-DCH resources. Hence, a natural improvement is to introduce the support of parallel TTIs for different resources. 
When 2 ms TTI may be introduced as a normal TTI in some cases, we need to look at the limitations which were introduced during Rel-8. We also see that the grant applies to all HARQ processes. In CELL_DCH, grants can apply per HARQ process giving another degree of freedom to the network. CELL_FACH could be improved introducing per-HARQ-process grants for 2ms TTI, similarly as in CELL_DCH. In this area, we could also think of introducing a finer grant granularity in order to have a tighter control over the resources and do better resource utilization when there are many UEs.
We also see some benefit with considering time alignment of E-DCH TTIs between CELL_FACH UEs and CELL_DCH UEs in order to provide a more seamless state transition and also for more efficient scheduling.
It has also been noted that E-DCH may be inefficient for some important types of traffic such as TCP ACKs, why we think it may be motivated to considered introducing a fallback to R99 PRACH.

2.2.3 Battery consumption improvements

Since CELL_FACH will be a more “permanent” state for the UE, we believe that improvements to reduce UE battery consumption are needed, especially when UE could potentially keep a common E-DCH resource for a relatively long period compared to the time needed for the actual data transmission. Hence, introducing CPC-like features may be interesting to improve the battery life. Enhancements to be considered in this area include UE DTX operation, a second UE DRX cycle and HS-SCCH less operation.
2.2.4 Preamble ramping procedure improvements
As CELL_FACH starts being more important, we think we also need to start revising the preamble ramping procedure which was standardized during Release 99 to reduce latency and improve performance, in particular the preamble coverage in scenarios operating with high interference levels. At the same time, it is desirable to introduce these improvements in a way which does not impact legacy UEs.
One potential way to reduce latency that should be considered is to remove the initial access delay in the physical random access procedure (specified in TS 25.214 section 6.1). The UE chooses the initial access slot in the next access slot, leading to an extra 10-ms delay before the transmission of the first preamble in a transmission attempt. To our understanding this extra delay is not needed in CELL_FACH.
Other relatively minor changes to the preamble ramping procedure can be considered in order to help retain the uplink coverage for the preamble part in scenarios where e.g. E-DCH is operated with a high noise rise. One approach is to increase the time provided between the preamble detection and the required response on AICH in order to enable usage of more advanced (IC) preamble receivers. Another approach is to make the preamble signature selection more deterministic (instead of picking a random signature for each new preamble) in order to allow for combining of the individual preambles in a preamble ramping sequence.
3 Conclusion

This document highlights that some of the potential improvements for HSPA for Rel-11 ought to focus on CELL_FACH state. These enhancements should build on top of the current CELL_FACH enhancements such as HS-DSCH reception and E-DCH in CELL_FACH and Idle mode. These improvements are likely to focus in different areas such as performance and efficiency, battery consumption, and delay.
In our view, the most prioritized improvements are the following ones:

· Enhancements for HS-DSCH transmission
· Stand-alone HS-DPCCH without ongoing E-DCH transmission

· E-DCH resource configuration

· Support concurrent deployment of 2ms and 10ms TTI in a cell

· Per-HARQ-process grants for 2ms TTI

· TTI alignment between CELL_FACH UEs and CELL_DCH UEs

· Fallback to R99 PRACH

· Battery consumption improvements

· UE DTX operation

· Second UE DRX cycle

· HS-SCCH-less operation

· Preamble ramping procedure improvements

· Latency improvements

· Coverage in high interference scenarios
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