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1 Introduction
Thanks to the large uptake of smart phones and mobile broadband dongles mobile operators have faced a significant traffic growth during the last few years. In addition to increased volumes, the traffic generated by smartphone and laptops is bursty in nature and often only a few packets are transmitted within each burst. This is quite different from fixed rate services that WCDMA originally was designed for. In spite of the CELL_FACH improvements introduced in Rel-7 and Rel-8 there is still a large difference between resource efficiency associated with the CELL_FACH and CELL_DCH states. As very frequent state transitions are undesirable, e.g. from a controller capacity and retainability point of view, it is important to improve CELL_FACH state so that
· CELL_FACH state can offer a resource utilization efficiency on par with CELL_DCH state, and 
· Existing restrictions in CELL_FACH hampering the resource utilization efficiency in CELL_DCH state are removed. 
To further improve CELL_FACH state a work item on “Further Enhancements to CELL_FACH” was started at RAN#51. To be realistic, this work item represents the last opportunity for improving CELL_FACH state within a foreseeable future. Two of the subfeatures that are being considered within this work item are
· The introduction of per-HARQ-process activation of grants for 2 ms TTIs, and

· TTI alignment between CELL_FACH users and between CELL_FACH and CELL_DCH users. 

Together these subfeatures enable TDM-like operation of CELL_FACH users configured with 2 ms TTIs and since they reuse functionality already available in CELL_DCH state from Rel-6 the implementation complexity is limited. This paper highlights the benefits that could be achieved by introducing the subfeatures and it moreover proposes that features are included as part of Rel-11 CELL_FACH state.
2 Advantages from TDM-like operation
Improved data rates
For CELL_DCH state per-HARQ-process activation of grants for 2 ms TTIs was introduced already in Rel-6. By aligning the uplink timing of UEs within a cell and by avoiding scheduling several high data rate UEs in the same TTI, the intra-cell interference can be minimized. As illustrated Figure 1 and as previously shown in [2], TDM-like operation offer significant gains in terms of user and cell throughput compared to CDM-like operation.
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Figure 1: Illustration of the system level gains in average cell throughput that can be achieved with TDM and CDM operation (see Figure 6.2.3-1 and 6.2.3-2 from [2]).
Up until today, CELL_FACH state neither supports per-HARQ-process activation of grants for 2 ms TTIs nor concurrent deployment of 2 and 10 ms TTIs in a cell. However, as Rel-11 CELL_FACH will support the concurrent usage of 2 and 10 ms UEs we expect that an increasing fraction the CELL_FACH UEs will be configured with 2 ms TTIs. For UEs configured with 2 ms TTIs the combination of per-HARQ-process activation of grants and TTI alignment between CELL_FACH UEs would allow TDM-like scheduling. As noted above this is an efficient means to reduce the intra-cell interference generated by CELL_FACH UEs and it can improve data rates significantly (cf. Figure 1). Minimizing the intra-cell interference amongst CELL_FACH UEs becomes particularly important in contexts where large aggregated traffic volumes are handled in CELL_FACH state. 
Another advantage with enabling TDM-like like operation is that the CELL_FACH and CELL_DCH UEs can be time-aligned. This would allow a common TDM schedule for both CELL_DCH and CELL_FACH UEs and thus maximize resource efficiency.
Support for interference avoidances and interference cancelation 
While it is obvious that TDM-like operation in CELL_FACH state increases performance significantly in scenarios where CELL_FACH state carries significant traffic volumes, the two related subfeatures are also highly useful in scenarios where the vast majority of traffic is served in CELL_DCH state. This is because per-HARQ-process activation of grants in combination with TTI alignment between CELL_FACH and CELL_DCH UEs allows the network to protect CELL_FACH UEs from the intra-cell interference caused by UEs in CELL_DCH state. More specifically, this can be achieved by (see Figure 2) using different noise rise targets for different TTIs and schedule the CELL_FACH UEs in TTIs for which the noise rise used for the CELL_DCH UEs is small. This possibility would be very valuable in contexts where a large fraction of the aggregate traffic is served in CELL_DCH state since it would enable a larger noise rise in CELL_DCH state.
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Figure 2: Illustration of how the CELL_FACH UEs could be protected from interference created by CELL_DCH UEs by means of per-HARQ-process activation of grants and TTI alignment between CELL_FACH and CELL_DCH UEs.
Yet another benefit with aligning the TTIs of UEs in CELL_DCH and CELL_FACH state is that it increases the processing time available for Node-Bs at the same time as it reduces the Node-B complexity for interference cancelling receivers structures where the CELL_DCH interference is removed before the CELL_FACH transmissions are decoded.
Improved hardware utilization and network capacity
A final benefit with introducing support for TDM-like operation in CELL_FACH is that it reduces the minimum hardware cost associated with CELL_FACH state so that it becomes on par with the one in CELL_DCH. This reduction would stem from the fact that the network has the possibility to only grant transmissions in a subset of the HARQ processes. By furthermore aligning the TTIs in CELL_FACH and CELL_DCH state the available hardware in the Node-B could efficiently be shared amongst all UEs. In scenarios where a large number of low data rate users are present in CELL_FACH state, reducing the minimum hardware cost is important since it allows a larger hardware capacity in terms of number of users or a lower hardware cost per user.

3 Conclusion and Proposal
This contribution outlined the benefits that can be achieved by introducing support for

· Per-HARQ-process activation of grants for 2 ms TTI users, and 

· TTI alignment between CELL_FACH and CELL_DCH users. 

Introducing support for these features will allow that the user performance is improved significantly. These improvements stem from reduced intra-cell interference levels as well as from the fact that CELL_FACH UEs can be protected from the interference generated by CELL_DCH UEs. Additionally, operation with per-HARQ-process activation of grants in CELL_FACH state will simplify implementation of interference cancelling receiver structures. Finally, TDM-like operation will also significantly reduce the minimum hardware cost associated with CELL_FACH state. 
For all these reasons it is the view of the co-sourcing companies that Rel-11 CELL_FACH should include support for per-HARQ-process activation of grants as well as TTI alignment for CELL_FACH and CELL_DCH UEs.
Proposal: Introduce support for per-HARQ-process activation of absolute grants in CELL_FACH and Idle mode for 2 ms TTIs.
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