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1. Introduction to DRX
Connected mode Discontinuous Reception (DRX) is a battery saving feature introduced in LTE Release-8, allowing the UE to make signalling-free transitions between sleep and awake states.  In particular, there is no signalling between UE and eNB and no signaling between eNB and core network during these transitions. For this reason, DRX is an attractive technique to reduce the overall signaling load in the network for UEs with intermittent data activity.  Given the commonly seen intermittent data activity in smartphones due to applications such as presence update, email checking and news syncing, the DRX feature takes on an important role.

A brief overview of DRX operation is given next: While remaining in the RRC connected state, the UE wakes up for ON amount of time with a periodic schedule determined by DRX Cycle and DRX Offset (see Figure 1).  This allows the UE to receive DL packets while saving battery.  The eNB knows the DRX Cycle and Offset, and is hence able to buffer the packet and send it only during the period the UE known to be awake. The UE may initiate transmission at any time in the UL by first sending a SR (Service Request) or RACH.  SR or RACH procedure is quite fast for the UL, hence any additive delay caused by DRX for uplink packets is quite small (~10 ms).  If there is any transmission activity on the DL or UL, the UE (re)starts Inactivity timer and returns to sleep once the Inactivity timer expires.
LTE specification additionally allows an optional short DRX mode.  In case there are multiple cycles with no activity, it is possible to increase the DRX Cycle from a Short DRX Cycle to a Long DRX Cycle.  These procedures are shown in Figure 1, showing UE receiver ON and OFF states, and timing of state transitions.
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Figure 1:  Simplified LTE DRX Mode Operation

During DRX, aside from the discontinuous reception and transmission procedures, all normal connected mode procedures such as measurements and handovers apply.  It should be noted that DRX is distinct from Idle Mode, where the UE can be reached only via paging within a tracking area and the eNB does not maintain any UE state.
LTE offers a wide range of choices of DRX parameters which the network may use to configure the UE.  Selecting the best set of parameters entails a tradeoff between delay and battery savings.  For example, setting a large DRX Cycle gives the best battery savings, but increases the latency for arriving DL packets, while a small DRX Cycle gives lower battery savings but delivers low latency.  The DRX Inactivity timer influences how much the UE waits for activity to commence before going into an OFF state. A short timer provides better battery savings, but increases the latency of arriving DL packets because the UE is in OFF state more often. A long timer provides lower battery savings, but delivers lower latency. Appropriate setting of these parameters delivers the right balance between power saving and packet latency.
2. Potential Requirements

REQ 1:  “Discontinuous Receive (DRX) Mode of LTE shall be taken into account while considering techniques for signaling reduction and battery savings in case of applications with intermittent activity.
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