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1 Introduction

The current working assumption for the Enhanced UE DRX for FDD work item is that the discontinuous reception is coupled with E-DCH resource allocation. An underlying assumption is that uplink activities are typically followed by downlink activities. It is thereby motivated that the terminal always opens its receiver for continuous reception whenever uplink resources are allocated. An inactivity timer is started as soon as the terminal releases these uplink resources and a transition back to discontinuous reception state takes place at the instant of time when the timer expires ‎[1]. In this contribution, some concerns with these assumptions are highlighted and possible solutions are proposed and analysed.
2 Discussion

2.1 Problem definition

Although the reasoning that uplink activities typically triggers some downlink activities is intuitive, it is less intuitive to understand
· why also downlink inactivity should necessarily follow shortly after uplink inactivity (i.e. when the inactivity timer expires), and 
· why all downlink activities should be always triggered by uplink activities (i.e. when the receiver is opened for continuous reception). 
In fact, neither the terminal nor the radio access network has always knowledge about the amount of data that is being transmitted to the terminal. Similarly, it is unknown how long time the downlink transmission may eventually last. It is therefore difficult to predict—for the sake of proper inactivity timer setting—how long time does it take from the instant of time when the terminal releases its uplink resource until the network side completes the downlink data transmission. 
A problem arises, since the terminal may switch to discontinuous reception state even though there is plenty of incoming data to the terminal, or alternatively the terminal may keep the receiver opened for continuous reception while there is nothing to receive from the network side.
If there are downlink activities that are started without any (immediate) prior uplink activities, the reception state is accordingly discontinuous. A legitimate question is why the reception state should be discontinuous for these downlink transmissions but always continuous shortly after uplink activities. If the reception state is different for similar type of situations, the user experiences inconsistent performance, which is undesirable.
2.2 Solution proposal

In order to resolve these above-described concerns, it is proposed to refine the working assumptions such that the terminal performs a transition to continuous reception state whenever it either transmits or receives data and resumes back to discontinuous reception state when it neither transmits nor receives data anymore. Similarly, a timer is triggered by both uplink and downlink activities instead of only counting the time for uplink inactivity. The following state-machine describes the proposed terminal behaviour.
State 0: 
Wake up for reception according to the configured reception pattern. If downlink or uplink activities are started then initiate a timer and perform a transition to state 1. 
State 1: 
Receive continuously on downlink. If (any new) downlink or uplink activities are started then restart the timer. If the timer expires and neither uplink nor downlink are active (anymore) then perform a transition to state 0.
The question of how this proposal compares to the current working assumption essentially boils down to the problem of defining the different uplink and downlink activities that are allowed to initiate timers and control transitions from one state to another. Assuming that 
· no downlink activities are defined,
· the timer is permanently set to zero,
· the only uplink activities are E-DCH resource allocation/release and E-DCH resource release means that the uplink is not active anymore,
then it can be argued that the current working assumption is actually a special case of the above-described state-machine. 
If the reception of downlink data is defined as an activity that triggers state transitions, the terminal moves its receiver immediately to continuous reception as soon as it receives some data on downlink. If the on-going downlink reception further maintains the continuous reception state, the terminal allows the network side to complete the downlink transmission before it performs a transition back to discontinuous reception, which is beneficial with respect to user perceived communication quality.
If the definition of uplink activities is more general than only E-DCH resource allocation and release, it is possible to decouple UE DRX capability from the support of E-DCH in CELL_FACH without excluding the possibility that E-DCH resource allocation/release (when supported) triggers a state transition. 
2.3 Handling of error cases
An important issue is the robustness of the reception scheme since normally the radio access network cannot always know the reception state precisely. In fact, the radio access network only makes assumptions about the possible reception state based on how the standard specifies the terminal behaviour. 
It is generally relatively harmless (but still undesirable) if the reception state is continuous while the radio access network assumes that it is discontinuous. In principle, the same should also apply for terminals since regardless of the reception state it should be always possible to receive data on downlink as long as the network assumes that the reception is discontinuous. It is however crucial that the terminal indeed receives continuously when the network side assumes so. 
If the data reception on downlink triggers a transition to continuous reception state, it would be useful for the terminal to wait for a while after downlink inactivity before resuming back to discontinuous reception state. Otherwise, lost data units on downlink may move the receiver to discontinuous reception while the network side still keeps on transmitting since it assumes that the reception is continuous. One straightforward solution is that the observed downlink inactivity initiates a timer and if the inactivity continues until the timer expires, the terminal performs a transition back to discontinuous reception state.
Though the use of these above-described inactivity timers is well motivated for terminals, the benefits of similar kind of inactivity timers are not always as evident for the network side. Observe that the network side implementation is not necessarily equivalent to the (simple) state-machine model and it should (preferably) make use of somewhat conservative assumptions, e.g., whenever there are strong uncertainties about the reception state it might be useful to assume that the reception is discontinuous. It is therefore proposed that the inactivity timer is only seen as a part of the terminal implementation without having any impacts on the radio access network implementation.
3 Conclusion
It is proposed that RAN2 discusses what kind of uplink and downlink events should trigger transitions from one reception state to another, as well as considers the possibility to refine the current working assumptions (as outlined in R2-081974) in the following manner,
· When either uplink or downlink activities are started, the UE initiates a timer and can continuously receive on downlink.
· If (any new) uplink or downlink activities are started, the UE restarts the timer.
·  

·  

· If the timer expires and neither uplink nor downlink are active (anymore), the UE will start to DRX according to the configured pattern.

· The DRX activity is specified in terms of cycle length and gap and is synchronised to the SFN.

· The DRX activity will be defined per cell.

· The DRX activity is only allowed if the UE has been configured with a dedicated H-RNTI
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