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1 Introduction
In RAN#37 a new work item on “Enhanced UE DRX” was approved ‎[1]. In we address two objectives of this work item, namely

· introducing support for a discontinuous reception scheme for CELL_FACH state 

· introducing support for an efficient state transition from CELL_FACH to CELL/URA_PCH state
We note that the two objectives are somewhat addressing the same issue, i.e. a fast transition to DRX in CELL_FACH. Referring to a previous contribution [2] on the same topic, we believe that introduction of RDX in CELL_FACH is the most promising way forward. Chapter 2 in this contribution is taken from this previous contribution.
2 Discussion
Transition to DRX can be handled either by explicit signaling or implicitly by timers monitoring user activity in UE and NodeB. This chapter evaluates pros and cons of each solution. This applies to both DRX in CELL_FACH and fast transition to CELL_PCH.
Explicit transition could be realized by the NodeB indicating in HS-SCCH that the UE shall move to DRX. To avoid misalignment between UE and NodeB as to whether DRX is on or not, the UE would need to acknowledge this command using RACH. As the goal is a very fast transition to DRX after finished transmission, the amount of transitions to and from DRX can be expected to increase significantly from current levels, thus also increasing HS-SCCH and RACH load. The benefit of explicit transition is that it provides a reliable switch to DRX mode. 

Pro: Reliable switch to DRX mode

Con: Increased signaling load (HS-SCCH and RACH)
Implicit transition is triggered by inactivity timers in UE and NodeB. The network side timer shall be in the NodeB, as this is where data is scheduled. A robust solution is to monitor the number of DRX cycles that no activity is present in either uplink or downlink. The DRX cycle and starting point relative to SFN shall be signaled at call setup. A drawback of implicit transition to DRX is that missed transmissions may bring UE and NodeB into different DRX modes, as analyzed in section ‎2.1.

Pro: No overhead from transitions between DRX modes

Con: Risk of misalignment between UE and NodeB of current DRX mode

2.1 Analysis of error cases
Error in the transition to DRX mode may result in misalignment of the UE and NodeB DRX mode. For example, if implicit transition to DRX is applied, DRX mode misalignment occurs if the UE misses a HS-SCCH scheduling over the radio interface. This could be problematic especially for the transition to CELL_PCH, since the UE is reached differently in these states. 
Below is a short analysis of the impact of DRX mode misalignment on downlink traffic. DRX mode misalignment will not affect the uplink traffic as the data transmission procedure is the same in both states.

In this analysis, the inactivity monitoring of both UL and DL traffic is considered. 

Case 1. DRX in CELL_FACH

· If the NodeB misses an uplink transmission and believes the UE is in DRX mode although it is not, the NodeB will wait for the next transmission occasion according to the DRX cycle. This will introduce a small delay, but the UE will be reached. No problem.

· If the UE misses a downlink transmission and goes to DRX before the NodeB, the NodeB may not be able to reach the UE, unless the transmission occurs exactly in the TTI according to the DRX cycle. Detection of missed transmission will be difficult without L1 feedback in CELL_FACH. Any UL transmission will resolve the situation, as it will take the UE out of DRX. 
The probability of hitting the DRX cycle can be increased by clever configuration of the DRX mode and HARQ repetitions. For instance, considering the 2/8 DRX mode in chapter ‎3.1, HARQ repetitions should be either back to back, or if a higher diversity gain is preferred, with e.g. 2 subframes interval, as in Figure 1. In this way, the probability of hitting a TTI where the UE is listening is 0.75, when using 3 HARQ repetitions.


[image: image1]
Figure 1: Aligning HARQ repetition patter to DRX cycle
Case 2. Fast transition to CELL_PCH

· If the NodeB misses an uplink transmission and believes the UE is in CELL_PCH although it is not, the NodeB will wait for the next paging occasion and then transmit PICH. This will not be noticed by the UE in CELL_FACH, but the DCCH/DTCH message transmitted on HS-DSCH after PICH will be detected and received by the UE. No problem.

· If the UE misses a downlink transmission and goes to CELL_PCH before the NodeB, the NodeB will not reach the UE over HS-DSCH, since the UE is only monitoring PICH. Without L1 feedback, resolving the situation is difficult. As before, any UL transmission will resolve the situation, as it will take the UE out of DRX.
Conclusion: According to this analysis, implicit transition to DRX mode is only applicable for DRX in CELL_FACH, and requires careful design of DRX cycle and HARQ repetition pattern.
3 Conclusion and proposal
In this contribution, we have analyzed different options of introducing a fast transition to DRX from CELL_FACH. Based on the analysis, we conclude that:

· Implicit transition to DRX mode (i.e. without signaling) is applicable for DRX in CELL_FACH, but causes problems for transition to CELL_PCH.
· Fast transition to DRX in CELL_FACH can be kept between the UE and NodeB, whereas fast transition to CELL_PCH involves a RRC state change and must be signaled to the RNC over Iub.
Based on these conclusions, we think an introduction of DRX in CELL_FACH is the most promising way forward.
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