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1. Introduction

In RAN#70, the DTX/DRX enhancements in CELL_FACH work item is approved [1]. One of the objectives is RAN1 related:
· Evaluate improvements in uplink resource utilization and uplink interference reduction (RAN1/2), i.e. DTX in CELL_FACH during the common E-DCH transmission phase. Based on the results of the evaluation, specify solution(s).

In this contribution, analysis on DTX in CELL_FACH during the common E-DCH transmission phase is provided. The potential benefit of DTX in CELL_FACH is also discussed. 
2. Discussion
Considering the increasing number of users, as well as the nature of small data applications, more and more UEs are configured in CELL_FACH state instead of CELL_DCH state. Since Release 7, many original CELL_DCH features have been introduced in CELL_FACH. HS-DSCH/E-DCH was introduced in Release 7/8. Standalone HS-DPCCH w/o E-DCH transmission, concurrent support for 2ms and 10ms TTI, fallback to R99 PRACH, second UE DRX, were introduced in Release 11. 
As mentioned in [1], DTX of DPCCH is another feature that would benefit CELL_FACH. DTX of DPCCH was introduced in CELL_DCH in Release 7 and this feature has been proven to be able to reduce uplink interference and UE power consumption [2]. DTX of DPCCH has not been introduced for CELL_FACH so far. As more and more UEs are residing in CELL_FACH mode, DTX in CELL_FACH is expected to have similar benefits as those in CELL_DCH.
2.1 Release of common E-DCH resources
There are two ways to release the common E-DCH resource: explicit or implicit release. For explicit release, it is up to the network to decide when to send an explicit signaling to the UE to release the common E-DCH resource. The procedure for explicit release is illustrated in Figure 1. 
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Figure 1 Procedure for explicit release
The implicit release uses a timer Tb. After the last E-DCH transmission, UE will start a timer Tb with value “E-DCH transmission continuation back off” [3, 4]. If there are new data arriving before the timer Tb expires, UE will send E-DCH and the timer Tb is restarted. If the timer Tb expires, common E-DCH resource is released. The procedure for implicit release transmission is illustrated in Figure 2.
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Figure 2 Procedure for implicit release

From Figure 1 and Figure 2, it can be seen that for both cases the common E-DCH resource is not released immediately after E-DCH transmission. Between the end of the last E-DCH transmission and the time to release common E-DCH resource, only DPCCH is transmitted. If new data arrives before this “inactive” period ends, UE can send E-DCH immediately using the same common E-DCH resource. If common E-DCH resource is released right after the E-DCH transmission, UE has to request the resource again. This inactive period is controlled by the network.
2.2 Introducing DTX in CELL_FACH
The inactive period exists for all common E-DCH resources. When there are multiple common E-DCH resources being used in a cell, many inactive periods of the common E-DCH resources would align in time. This means that for all common E-DCH resources within a cell, there are many inactive E-DCH transmissions aligned, generating uplink interference to the cell. If DTX can be introduced in CELL_FACH common E-DCH resources, this amount of uplink interference generated by inactive E-DCH transmissions will be mitigated. According to the evaluation results in [5], it can be seen that for 75% of time, more than half of the common E-DCH resources’ inactive E-DCH transmissions are aligned at TTI level. Introducing DTX, a.k.a., DPCCH gating, can bring significant gain in the cell uplink throughput.
The solution for DTX in CELL_FACH can be similar to the DTX in CELL_DCH. In the DTX behaviour in CELL_DCH, DPCCH is DTXed during the inactive period to save UE transmission power and reduce uplink interference. In order to maintain power control and uplink synchronization, DPCCH preamble/postamble is needed before/after E-DCH transmission. Similar solutions can be introduced for the DTX behavior in CELL_FACH. Some other design details can be different from DTX in CELL_DCH. For example, DTX in CELL_DCH has DTX_cycle_1 and DTX_cycle_2. These are the cycles to send DPCCH patterns when there are no E-DCH activities. However, DTX_cycle_2 is usually quite long, up to 320ms. As this is much longer than the inactive period in CELL_FACH, whether to introduce UE_DTX_cycle_2 in DTX in CELL_FACH can be further considered. 
3. Conclusion
In this contribution, we have analyzed the procedure for releasing common E-DCH resource. It can be seen that there is always an inactive period before resource release and during that period, only DPCCH is transmitted. The uplink interference impact of those inactive E-DCH transmissions is evaluated in [5]. By introducing DTX in CELL_FACH during those inactive periods, uplink interference can be mitigated, helping to improve cell average throughput. The DTX solution in CELL_FACH solution can be similar to the DTX solution in CELL_DCH. 
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