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Introduction
In the previous RAN2#57 meeting, the requirements for support of DRX in LTE_ACTIVE were discussed. Per UE based DRX control mechanism was agreed. The discussion on DRX control schemes: implicit transition vs explicit transition was continued on the email reflector. A number of different schemes were proposed and captured in [1].
We have proposed a hybrid of implicit and explicit control mechanism for DRX control in LTE_ACTIVE [1]. The proposed scheme significantly reduces the signalling overhead compared to the pure explicit signalling scheme and also allows more flexibility in control compared to the pure implicit scheme. A summary of the proposal has been captured in report of the e-mail discussion. A detailed operation of the proposed scheme is described in this contribution.

2. Proposed DRX control scheme
DRX in LTE_ACTIVE is considered as a way of allowing UE power saving while in active state. However, the data transmission should not experience additional delay seen by the application due to the use of DRX. Hence the design of DRX control scheme should also consider the possible latency incurred to the data transmission due to the DRX levels.
We identify that two-level DRX has some advantages when considering traffic behavior of different services. For example, two-level DRX provides better power saving opportunities when HTTP traffic type is considered. For services with periodic packet inter-arrival pattern, one level DRX may be sufficient. Considering, mixed services, the DRX level parameter should be configured with the two shortest DRX values required by applications. i.e. only two DRX levels are seen by the UE at a given time. DRX interval and ON period are associated with the DRX level. The change of DRX configuration is signaled to the UE using RRC signaling. 
Figure 1 illustrates operation of the proposed DRX control scheme. 
When the DRX interval is extended, implicit transition is used. The transition is triggered by the expiry of the inactivity timer. The timer values are configured by the network and they are decided based on the DRX levels involved. Whenever the DRx level is re-configured associated timer values should also be re-configured.

Transition to continuous reception from a DRX level is always explicitly signaled.  

Transition from long DRX to short DRX may be implicit or explicit depending on the DRX value. In this case, DRX threshold value is configured by the network. If the long DRX is higher than the DRX threshold and the transition to short DRX which is lower than DRX threshold, explicit signaling is used. If both DRX levels (long and short DRX) are below the DRX threshold, the transition is implicit and event triggered. For example, the event may be reception of a scheduling grant. 

We assume that while UE is in DRX that is higher than the DRX threshold, no dedicated resources for CQI reporting or scheduling request is allocated to the UE. Other words, the UE is required to access the network by transmitting a scheduling request on non-synchronized RACH. The UE does not transmit CQI reporting while in a DRX which is higher than the DRX threshold value.

[image: image1]
Figure 1: DRX level transition according to the proposed DRX control scheme.
Figure 2 shows the UE receiver on/off behavior with regards to the proposed DRX control. The explicit transition to continuous reception starts immediately after the explicit signaling is received. 

[image: image2]
Figure 2: the UE receiver on/off behavior w.r.t the proposed DRX control scheme.

Nested DRX cycle level is assumed. This means start time of DRX on period is nested for different DRX cycle as shown in Figure 3. The star time of the DRX cycle is determined based on the nested cycle configuration. The effect of nested DRX cycle on start of short DRX is illustrated in Figure 2 (dashed circle). The use of nested DRX cycle provides simple mechanism for regaining DRX-synchronization in case UE and eNodeB are out-of-synch due to some error condition. 


[image: image3]
Figure 3: an example of nested DRX cycles
3. Conclusion

The DRX control in LTE should be designed to support flexible control of DRX level while reducing signalling overhead. In this contribution, we discussed that the use of hybrid of implicit and explicit signalling mechanism could achieve DRX control flexibility while minimising the signalling overhead. More over, the use of nested DRX cycle could further reduce the signalling overhead. This also minimises the effect of possible out-of-synch of the UE and eNodeB due to some error condition. 

4.
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