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1 Introduction
At the RAN2#91BIS meeting the following agreements was made for DRX in RRC_CONNECTED mode: 
· Significant support to reuse the current LTE DRX as specified in 36.321. This does not preclude signalling optimization. 

· RAN2 assumes that there is only need for one DRX cycle, “long DRX”.
This document discusses the optimization for DRX in RRC_CONNECTED mode based on the agreements.
2 Discussion
The DRX configuration is provided to a UE in the drx-config IE in the RRCConnectionSetup and RRCConnectionReconfiguration messages. 

The use of long DRX only for connected mode will reduce the number of parameters required in drx-config.  After the removal of short DRX and its related parameters the following fields remain in drx-config: onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer, and longDRX-CycleStartOffset.
Signaling optimizations should be considered with the aim of removing parameter signaling each time UE enters RRC Connected, therefore reducing the UE’s power consumption.
2.1 Motivation of Optimization

The traffic model for NB-IoT[1] assumes a single application layer message, optionally followed by a response, either in uplink (mobile autonomous reporting traffic) or downlink (network command traffic). There is no assumption of continuous data transmission or multiple messages / responses that typically occur in MBB. It should be noted that software update is included in the traffic model, but this is expected to be infrequent (e.g. every 6 months) compared to MAR or NC traffic.

With the most common traffic scenarios the UE will enter RRC Connected, transfer the application layer message and then use DRX until the RRC connection is released. This scenario suggests that latency after the initial application layer message/response is not important, as it is unlikely there will be any further traffic. 

Observation 1: Latency after the transfer of the initial application layer message/response is not important for UEs in RRC Connected most of the time.
As the latency for a UE after the initial message of application layer transfer is not important, the UE should avoid using as much power as possible in RRC connected while waiting for the RRC connection to be released.
2.2 DRX Signaling Optimizations 
The longDRX-CycleStartOffset field in drx-config is used to signal to each UE the long DRX cycle length and when to start the onDurationTimer.
Observation 1 points out that latency, after the initial application layer message transfer is complete, is not important therefore the same default DRX cycle length can apply to all UEs. As the latency is not coverage level dependent, the same cycle length can also apply to all coverage levels. As all UEs using all coverage levels can use the same DRX cycle length, it does not need to be signaled on a per UE basis.
Proposal 1: The same DRX cycle length is used by all UEs using in all coverage levels. 
The drxStartOffset is used to make sure that all the UEs don’t start their onDurationTimer on the same PDCCH, i.e. the UEs Awake Times are distributed. Currently the following formula is used to calculate when to start onDurationTimer:


[(SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffset
With the aim of reducing the signalling for DRX alternative methods to distribute the UEs so they don’t all use the same PDCCH is required. The C-RNTI is a UE specific value which can be used in the formula instead of drxStartOffset, therefore removing the requirement to signal the value. The following is an example of the formula using the C-RNTI:
 [(SFN * 10) + subframe number] modulo (longDRX-Cycle) = C-RNTI modulo (longDRX-Cycle)
The same longDRX-Cycle for all UEs and the use of C-RNTI to determine when to start the onDurationTimer removes the need to signal the longDRX-CycleStartOffset field in drx-config.

Proposal 2: The onDurationTimer start time is determined by C-RNTI and longDRX-Cycle to distribute the UEs evenly without the need to explicitly signal drxStartOffset.
The onDurationTimer defines the length of the active time in the DRX cycle and its value is in a number of PDCCH sub-frames. The absolute time of the onDurationTimer may not be suitable for all coverage levels, as it is not desirable to force a UE in good coverage to receive more PDCCHs than a UE in worse coverage. For example, if the onDurationTimer is the equalivant of 1 second and time between PDCCHs for worst coverage level is 500ms, a UE in worst coverage will only receive 2 PDCCHs, whereas if the time between PDCCHs for normal coverage level is shorter the UE will receive more PDCCHs. To avoid this situation the onDurationTimer should use time units that scale with coverage level. This could be for example a number of coverage level specific PDCCHs, instead of an absolute time.
Proposal 3: The onDurationTimer is configured using by a unit that scales with coverage level e.g. number of PDCCHs. 
Similar to the onDurationTimer, the drx-InactivityTimer and drx-RetransmissionTimer are used to determine UE’s active time and an absolute time will not be suitable for all coverage levels. Therefore the time unit that is used to control the drx-InactivityTimer and drx-RetransmissionTimer should scale with coverage level.
Proposal 4: The drx-InactivityTimer and drx-RetransmissionTimer is configured using by a unit that scales with coverage level e.g. number of PDCCHs. 
There are other parameters/timers which are used to determine the active time, such as HARQ RTT Timer or SFN/subframe number used in the formula’s above, etc. which could be the same for all UEs, that need to be specified in units that scale with coverage level. As these timers/parameters are not directly part of DRX and their need, usage, and operation may still need to be discussed, so we make the following proposal:

Proposal 5: All absolute time units should be evaluated for their suitability for multiple coverage levels and other methods of specifiying them should be considered to reduce signalling and complexity.
Using time units that scale with coverage level for the DRX related parameters, combined with a DRX cycle length for all UEs, a default DRX configuration can be applied to all UEs using all coverage levels without the need for explicit signalling to each UE when it enters RRC Connected or coverage level specific signalling of the values.
As noted previously although single application message transfer is most frequent traffic model, the traffic model supports for other scenarios, such as software updates with multiple DL messages. The ability to optionally provide a UE specific DRX configuration may be possible for power and latency optimizations in these types of scenarios [2].
Proposal 6: A default DRX configuration is used by all UEs using all coverage levels to avoid the power consumption for dedicated RRC signalling each time the UE enters RRC Connected. Optional UE specific DRX configuration may be needed.
The MAC Control Elements DRX Command and Long DRX Command are used to stop the onDurationTimer and drx-inactivitytimer before the expiration of onDuraitonTimer or drx-inactivityTimer to avoid unnecessary PDCCH monitoring.
As with the RRC signaling, the reception and acknowledgement of the MAC Control Elements consumes UE power. By configuring the onDurationTimer and drx-inactivityTimer properly [3], the eNB does not need to use the MAC CE to stop the onDurationTimer and drx-inactivitytimer.

Proposal 7: The MAC Control Elements DRX Command and Long DRX Command are not needed in NB-IoT. 

3 Conclusion

This paper discusses optimizations for the DRX in RRC_CONNECTED, one observation and several proposes the following are used for NB-IOT:
Observation 1: Latency after the transfer of the initial application layer message/response is not important for UEs in RRC Connected most of the time.
Proposal 1: The same DRX cycle length is used by all UEs using in all coverage levels.

Proposal 2: The onDurationTimer start time is determined by C-RNTI and longDRX-Cycle to distribute the UEs evenly without the need to explicitly signal drxStartOffset.
Proposal 3: The onDurationTimer is configured using by a unit that scales with coverage level e.g. number of PDCCHs. 

Proposal 4: The drx-InactivityTimer and drx-RetransmissionTimer is configured using by a unit that scales with coverage level e.g. number of PDCCHs. 

Proposal 5: All absolute time units should be evaluated for their suitability for multiple coverage levels and other methods of specifiying them should be considered to reduce signalling and complexity.
Proposal 6: A default DRX configuration is used by all UEs using all coverage levels to avoid the power consumption for dedicated RRC signalling each time the UE enters RRC Connected. Optional UE specific DRX configuration may be needed.
Proposal 7: The MAC Control Elements DRX Command and Long DRX Command are not needed in NB-IoT. 
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