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Introduction
The Rel-14 work item on “Further Enhanced MTC for LTE” [1] has five main objectives: (1) positioning, (2) multicast, (3) mobility enhancements, (4) higher data rates and (5) VoLTE enhancements. The details for the objective on multicast are given below:
Multicast [RAN2 lead, RAN1]
· Extend Rel-13 SC-PTM to support multicast downlink transmission (e.g. firmware or software updates, group message delivery)
· Introduction of necessary enhancements to support narrowband operation, e.g. support of MPDCCH, and coverage enhancement, e.g. repetitions

The following agreements on SC-PTM were made in RAN2#95bis regarding timers for DRX and paging: 
The DRX cycle (defaultPagingCycle) is common for all carriers configured for paging.
FFS whether RAN-level start/stop time information is introduced.
We will attempt to optimize start and stop conditions of DRX timers for SC-MTCH. Details FFS.


In this paper we further discuss the timers and identify necessary changes to resolve the FFS:es mentioned above.
[bookmark: _Ref178064866]Discussion
DRX timers
DRX for SC-PTM uses two timers to control the active time duration: onDurationTimerSCPTM and drx-InactivityTimerSCPTM. From TS 36.321 [2]:
	[bookmark: _Toc454810684]5.7a	Discontinuous Reception (DRX) for SC-PTM
Each G-RNTI of the MAC entity may be configured by RRC with a DRX functionality that controls the UE’s PDCCH monitoring activity for this G-RNTI as specified in [8]. When in RRC_IDLE or RRC_CONNECTED, if DRX is configured, the MAC entity is allowed to monitor the PDCCH for this G-RNTI discontinuously using the DRX operation specified in this subclause; otherwise the MAC entity monitors the PDCCH for this G-RNTI continuously. For each G-RNTI of the MAC entity, RRC controls its DRX operation by configuring the timers onDurationTimerSCPTM, drx-InactivityTimerSCPTM, the SC-MTCH-SchedulingCycle and the value of the SC-MTCH-SchedulingOffset. The DRX operation specified in this subclause is performed independently for each G-RNTI and independently from the DRX operation specified in subcaluse 5.7.
When DRX is configured for a G-RNTI, the Active Time includes the time while:
-	onDurationTimerSCPTM or drx-InactivityTimerSCPTM is running.
When DRX is configured for a G-RNTI as specified in [8], the MAC entity shall for each subframe for this G-RNTI:
-	if [(SFN * 10) + subframe number] modulo (SC-MTCH-SchedulingCycle) = SC-MTCH-SchedulingOffset:
-	start onDurationTimerSCPTM.
-	during the Active Time, for a PDCCH-subframe:
-	monitor the PDCCH;
-	if the PDCCH indicates a DL transmission:
-	start or restart drx-InactivityTimerSCPTM.




For eMTC
Release 13 DRX for eMTC UEs follows the principles of legacy DRX operation, where some changes were introduced due to repetitions of transmission blocks. However, these changes were related to how to handle the retransmissions and RTT timers properly. No changes were introduced for eMTC for the start conditions for on-duration or inactivity timers. Therefore, we see no compelling reason to make any changes for DRX operation for eMTC.

[bookmark: _Toc465759384][bookmark: _Toc465803339][bookmark: _Toc465946210][bookmark: _Toc465973807]No changes are needed for SC-PTM DRX procedure for eMTC UEs. 

For NB-IoT
For NB-IoT, DRX timer operation was optimized in Rel-13. For the inactivity timer this means to start the timer only after expiration of the corresponding RTT timer. We propose to keep this behaviour for SC-PTM for consistency. To be able to distinguish between the different behaviour of timers we propose to introduce the extension NB:

[bookmark: _Toc465759381][bookmark: _Toc465803334][bookmark: _Toc465946214][bookmark: _Toc465973810]Start drx-InactivityTimerSCPTM-NB in the last subframe containing the last repetition of PDSCH transmission for NB-IoT UEs.

Another NB-IoT DRX optimization was to stop the timers when PDCCH indicates UL or DL transmission. This results in no active timers running between the end of a PDCCH transmission before the actual data transmission has completed, providing possibility to implement DRX for the UE. For SC-PTM operation a similar approach can be adopted first for optimization reasons and second to keep consistency between unicast and SC-PTM DRX procedures.
 
[bookmark: _Toc465759382][bookmark: _Toc465803335][bookmark: _Toc465946215][bookmark: _Toc465973811]When NPDCCH indicates DL transmission for NB-IoT UE, ondurationTimerSCPTM and drx-inactivityTimerSCPTM-NB are stopped. 

Text proposals needed to achieve the proposed changes in behaviour of DRX for SC-PTM in NB-IoT can be found in two accompanying CRs [5][6].
Conclusion
In section 2 we made the following observations:
Observation 1	No changes are needed for SC-PTM DRX procedure for eMTC UEs.

Based on the discussion in section 2 we propose the following:
Proposal 1	Start drx-InactivityTimerSCPTM-NB in the last subframe containing the last repetition of PDSCH transmission for NB-IoT UEs.
Proposal 2	When NPDCCH indicates DL transmission for NB-IoT UE, ondurationTimerSCPTM and drx-inactivityTimerSCPTM-NB are stopped.
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