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Discussion and decision
1.  Introduction
In LTE a UE in RRC_CONNECTED may be configured with DRX to save battery consumption. Some definitions have been captured in [1] with regards to DRX control, such as on-duration, inactivity-timer and active-time. However, the setting of the DRX starting points has not been addressed so far. This paper looks into this particular aspect.
2. Discussion
Figure 1 illustrates the basic DRX operation in RRC_CONNECTED. In order for the eNB to properly track the UE’s active periods, the DRX starting point, i.e. the time instant when the UE wakes up and switches on its receiver, shall also be specified besides the on-duration and inactivity-timer.
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Fig.1  DRX operation
While the DRX operation allows saving the UE battery consumption, it restricts the time periods that a UE can be scheduled by the eNB. If a packet arrives at the transmitter buffer of the eNB and at the moment its destination happens to be in a sleep period, the eNB shall not schedule the packet transmission until the UE wakes up again in the next on-duration. Accordingly, when multiple UEs have their DRX starting points set at the same instants, as shown in Fig.2, it is likely that the eNB shall schedule many of them during the overlapping active periods, while leaving the channel resources underutilized in other parts of the time scale. This may result in intolerable data transfer delays, if some UEs need to wait for the next on-duration due to either the PRBs or PDCCH resources running short. This may cause severe problems if packet delivery is delayed for SRBs.
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Fig.2  DRX constraints on resource usage

In order to avoid such unbalanced resource usage, it is desirable to properly set the DRX starting points by randomizing the active periods of UEs over the whole time scale. Preferably, the DRX starting point could be set in the similar way as calculating the paging occasions in UMTS based on the UE identity and DRX cycle length, e.g. in [2]. Moreover, we propose separating the DRX starting points of different UEs by at least one on-duration period to combat half- overlapping. Figure 3 shows an example how this results in the DRX operation of multiple UEs.
Proposal 1:
DRX starting point = UE identity mod (DRX cycle length/on-duration) * on-duration + n * DRX cycle length, where n = 0,1,2… as long as SFN is below its maximum value.
This will allow to omit explicit indication of the DRX starting point when configuring DRX, hence reducing the signalling overhead.
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Fig.3  DRX status by setting the starting points using Proposal 1
Currently it has been agreed that on-duration and inactivity timer durations are signaled to UEs by RRC, e.g. using RRC CONNECTION RECONFIGURATION from the eNB [3], and that DRX cycle length could be either configured in RRC or indicated in the MAC payload for dynamic adjustment. Since the active period is of varying lengths based on the scheduler decision and the UE decoding success, it is preferred to enable explicit signaling of DRX starting points for better resource usage. This will also help in certain cases where the DRX on-duration frequently collides with e.g., BCCH or MBMS, with Proposal 1.
Proposal 2:
It should be possible for the eNB to explicitly signal the DRX starting point to a UE by RRC signaling.
3. Conclusions
The followings are suggested to properly set the DRX starting points:

Proposal 1:
DRX starting point = UE identity mod (DRX cycle length/on-duration) * on-duration + n * DRX cycle length, where n = 0,1,2… as long as SFN is below its maximum value.
Proposal 2:
It should be possible for the eNB to explicitly signal the DRX starting point to a UE by RRC signaling.
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