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1 Introduction
At the RAN2#91BIS and RAN2#92 meeting the following agreements were 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”.

· It is beneficial to enable DRX also for short connections, as early as possible.

This document discusses the DRX in RRC_CONNECTED mode based on the agreements.

2 Discussion
2.1 DRX cycle in connected mode
The DRX in connected mode is used to achieve a better power efficiency. 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 occurs 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 NB-IoT UE returns to idle. 
As discussed for eDRX/eMTC there is no significant benefit to extend DRX in connected mode beyond 10.24s. In NB-IoT there is also no requirement to extend DRX cycle in connected mode over 10.24s. Thus, it is proposed that the DRX cycle in connected mode can be up to 10.24 seconds in NB-IoT.
Proposal 1: The DRX cycle in connected mode can be up to 10.24 seconds.
2.2 When to enter DRX mode 
It is agreed in RAN2#92 that UE should enter DRX mode as early as possible. There are two possible ways to trigger the UE to enter DRX mode: signalling triggered and event triggered. 
In the signalling triggered case, the earliest signalling opportunity to provide the DRX configuration is in the RRCConnectionSetup message. The drxStartOffset, along with longDRX-cycle control when the onDurationTimer is started, which then allows the UE to enter connected DRX.

The choice of drxStartOffset, and therefore the point in time relative to RRCConnectionSetup can be determined by the eNB to be as optimal as possible.  The point in time can be before the RRConnectionSetupComplete, during the RRCConnectionSetupComplete or after the RRCConnectionSetupComplete message.
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Figure 1 drxStartOffset relative to RRC Connection Setup Complete
As the drxStartOffset can be between RRC Connection Setup and RRC Connection Setup Complete, it is possible to allow the UE to enter DRX between these 2 messages, which will be of benefit for a UE if the time between the messages is long. The entry time between these messages can be balanced for latency and power consumption, allowing the eNB scheduling flexibility and UE power saving benefits in this case.
In the case of drxStartOffset being after the RRC Connection Setup Complete message, it should close to the end of the message to prevent additional PDCCH monitoring.

For event triggered entry to DRX there are two reference points that can be used as event triggers easily: after RRC Connection Setup and after RRC Connection Setup Complete. As the entry times are fixed event triggers it does not allow a balance between eNB scheduling and UE power consumption.  If the UE enters DRX quickly after RRC Connection Setup, then the eNB has a limited scheduling window.  If the UE enters DRX a long time after RRC Connection Setup it allows eNB scheduling flexibility, however it will use additional power on the UE, not only for this message, but all messages while the UE is in RRC connected.  If DRX is only entered after RRC Connection Setup Complete the UE will have to monitor all PDCCHs between the messages, and therefore power consumption cannot be easily balanced for latency and eNB scheduling requirements.
Therefore a configurable DRX entry time between these two positions is beneficial for flexible eNB scheduling, which can be achieved using the drxStartOffset mechanism.
Proposal 2: drxStartOffset is used to indicate when a UE starts onDurationTimer to enter DRX mode.
As for the DRX mechanism for NB-IoT, it is related to the physical layer design, such as PDCCH, HARQ RTT, TTI etc., the exact details of the DRX design are pending RAN1 decisions. 

Proposal 3: The details for DRX mechanism in connected mode should wait for the clear design in RAN1 about PDCCH, HARQ RTT, TTI etc.

3 Conclusion

This paper discusses optimizations for the DRX in RRC_CONNECTED and several proposes are given for NB-IoT:
Proposal 1: The DRX cycle in connected mode can be up to 10.24 seconds.
Proposal 2: drxStartOffset is used to indicate when a UE starts onDurationTimer to enter DRX mode.

Proposal 3: The details for DRX mechanism in connected mode should wait for the clear design in RAN1 about PDCCH, HARQ RTT, TTI etc.
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