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1 Introduction

In this document, we discuss the DRX Command MAC Control Element to be used in eMBMS using SC-PTM. 
When the group of UEs are receiving eMBMS in SC-PTM, the UE uses onDurationTimerSCPTM and drx-InactivityTimerSCPTM to determine when the transmission of SC-PTM data has ended in the current SC-MTCH scheduling cycle and can sleep to save power consumption.  However, these two timers may be configured to cover some high load of eMBMS data transmission.  If the eNB determines that there is no more data to be sent in the current SC-MTCH scheduling cycle, the eNB needs some way to signal immediately to the UE that transmission of the current SC-MTCH scheduling cycle has ended and the group of UEs can sleep to save power consumption.       

This document will discuss issues, comparison to CDRX, scenarios of sending DRX command, and resolution.
2 Motivations 
Issue of DRX Configuration for SC-PTM
In the Release 13 standards, SC-PTM was introduced as the alternative way of transmission for eMBMS.  It can allow eNB to configure G-RNTI specific DRX configuration in the SCPTMConfiguration message in [1].  
In [2], when DRX is configured for a G-RNTI, the Active Time includes the time while:

· onDurationTimerSCPTM or drx-InactivityTimerSCPTM is running.
The UE shall start onDurationTimerSCPTM in the subframe, if [(SFN * 10) + subframe number] modulo (SC-MTCH-SchedulingCycle) = SC-MTCH-SchedulingOffset. 

During active time, if the PDCCH indicates a DL transmission, UE shall start or restart drx-InactivityTimerSCPTM.  
However, when either of these timers is running, the group of UEs continue to monitor G-RNTI and cannot sleep to save power consumption even if eNB has completed transmission of the service in the current SC-MTCH-SchedulingCycle.  For example, UE needs to wait at least onDurationTimerSCPTM before UE can start to sleep.  After the last segment of data is sent out, there is idle time drx-InactivityTimerSCPTM before the UE can start to sleep. 
Comparison to CDRX

With the connected mode DRX, the UE can receive MAC Control Element of DRX Command (i.e. LCID = 11110) or Long DRX Command (i.e. LCID = 11010) to stop the related timers at the UE which may sleep to save power consumption.  Long DRX Command was introduced in Release 12.  In particular, the procedure is as follows: 
If a DRX Command MAC control element or a Long DRX Command MAC control element is received:

· stop onDurationTimer;

· stop drx-InactivityTimer.

If a DRX Command MAC control element is received in this subframe:

· if the Short DRX cycle is configured:
· start or restart drxShortCycleTimer;

· use the Short DRX Cycle.

· else:

· use the Long DRX cycle.

If a Long DRX Command MAC control element is received:
· stop drxShortCycleTimer;

· use the Long DRX cycle
In SC-PTM, there is only one cycle configuration schedulingPeriodStartOffsetSCPTM (i.e. there are no long and short cycles) and there is no DRX command [2].  Without DRX command can be of a concern because SC-PTM operation can affect the performance for a group of UEs.
Observation 1: SC-PTM scheduling supports only one cycle and does not support long cycle and short cycle.  SC-PTM does not support DRX Command MAC Control Element or Long DRX Command MAC Control Element to stop onDurationTimerSCPTM and drx-InactivityTimerSCPTM and allow a group of UEs to sleep earlier to save power consumption.
Scenarios of DRX Command

Figure 1 illustrates some cases that the eNB can use (Long) DRX Command to signal the group of UEs to stop onDurationTimerSCPTM and drx-InactivityTimerSCPTM timers.  

For example in case 1, if the eNB does not have data to be sent when the on duration starts, the eNB can immediately send (Long) DRX Command MAC Control Element at time of yellow circle 1 to stop timer onDurationTimerSCPTM. This is especially possible if eNB supports SYNC Protocol and there is no data for the SYNC Period(s) for the current SC-MTCH-SchedulingCycle. 
For example in case 2, if the eNB has data to be sent and completes transmission in the middle of the current SC-MTCH-SchedulingCycle, the eNB can immediately send (Long) DRX Command MAC Control Element at time of yellow circle 2 to stop timer drx-InactivityTimerSCPTM.  This is especially possible if eNB supports SYNC Protocol for SC-PTM and knows that there is no data for the last SYNC Period for the current SC-MTCH-SchedulingCycle.

For example in case 3, if the eNB still has data to be sent for the service but eNB needs to start transmission of unicast data or other SC-PTM service data and cannot continue to transmit in the remaining of the current SC-MTCH-SchedulingCycle, the eNB can immediately send (Long) DRX Command MAC Control Element at time of yellow circle 3 to stop timer drx-InactivityTimerSCPTM.  
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Figure 1: Possible cases of sending (Long) DRX Command in SC-PTM

Observation 2: (Long) DRX Command MAC Control Element can be sent to stop onDurationTimerSCPTM and/or drx-InactivityTimerSCPTM in case that there is no data when on duration starts, before end of SC-MTCH-SchedulingCycle or early stop of transmission due to scheduling or congestion control. 
Resolution

We propose to introduce DRX command for SC-PTM to allow eNB to command UE to stop onDurationTimerSCPTM and drx-InactivityTimerSCPTM so that the group of UEs can sleep earlier in the scheduling cycle to save power consumption.  Since there are no long cycle and short cycle, two alternative proposals are possible to reuse the existing DRX command:
Proposal 1: DRX Command MAC Control Element is introduced, and existing LCID = 11110 is reused.

Proposal 2: Long DRX Command MAC Control Element is introduced, and existing LCID = 11010 is reused.

Since there is no long DRX cycle and short DRX cycle in SC-PTM, Proposal 1 is better to avoid confusion in the naming, and therefore DRX Command MAC Control Element with LCID = 11110 is preferred.  

Changes of the related procedure in [2] can be as follows:

============================================================
5.7a
Discontinuous Reception (DRX) for SC-PTM

…
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 a DRX Command MAC control element is received:

            - stop onDurationTimerSCPTM;

            - stop drx-InactivityTimerSCPTM.
-
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.
…

============================================================
SC-PTM does not have HARQ or RLC retransmission.  When the DRX command is sent once at the end of transmission in the current scheduling cycle, some UEs of receiving this G-RNTI in bad radio condition may not receive the DRX Command MAC Control Element successfully.  In this case, UE will continue to monitor SC-PTM grant.  But it does not affect UE in the SC-PTM data reception.  It only reduces gain in power saving. 

Alternatively, to enhance reliability of the DRX Command, eNB may transmit the DRX Command MAC Control Element multiple times.  For example, in Figure 2, the eNB can first send DRX Command MAC Control Element with last SC-PTM data for the current scheduling cycle at time of yellow cycle 1, and then the eNB may send one or more repeated DRX Command MAC Control Element at times of yellow cycles 2 & 3, which may include padding, if needed, in the MAC packet sent to the G-RNTI.  When the UE receives any of the DRX Command MAC Control Elements, the UE can stop timers and sleep to save power consumption.  The disadvantage is that it may consume more bandwidth for sending DRX Command MAC Control Element multiple times.   
[image: image2.emf]UE eNB

DRX Command + SC-PTM data

DRX Command + padding

DRX Command + padding

SC-PTM data

SC-PTM data

1

2

3


Figure 2: Repeat of DRX Command MAC Control Elements
Observation 3: UE reception of DRX Command MAC Control Element is best effort.  But it does not affect UE in the SC-PTM data reception.  It only reduces gain of power saving.  Alternatively, the eNB may send one or more repeated DRX Command MAC Control Element to improve number of UEs being able to receive the DRX command and benefit from power saving.  
3 Conclusion 

When reviewing current standards of SC-PTM DRX scheme, the following are observed:

Observation 1: SC-PTM scheduling supports only one cycle and does not support long cycle and short cycle.  SC-PTM does not support DRX Command MAC Control Element or Long DRX Command MAC Control Element to stop onDurationTimerSCPTM and drx-InactivityTimerSCPTM and allow a group of UEs to sleep earlier to save power consumption.
Observation 2: (Long) DRX Command MAC Control Element can be sent to stop onDurationTimerSCPTM and/or drx-InactivityTimerSCPTM in case that there is no data when on duration starts, before end of SC-MTCH-SchedulingCycle or early stop of transmission due to scheduling or congestion control. 

To reuse the existing DRX command in CDRX, two alternative proposals are evaluated:

Proposal 1: DRX Command MAC Control Element is introduced, and existing LCID = 11110 is reused.

Proposal 2: Long DRX Command MAC Control Element is introduced, and existing LCID = 11010 is reused.

Observation 3: UE reception of DRX Command MAC Control Element is best effort.  But it does not affect UE in the SC-PTM data reception.  It only reduces gain of power saving.  Alternatively, the eNB may send one or more repeated DRX Command MAC Control Element to improve number of UEs being able to receive the DRX command and benefit from power saving.  

From observation and evaluation, it is recommended that Proposal 1 is adopted. A reference CR is in R2-167906.
· DRX Command MAC Control Element is introduced, and existing LCID = 11110 is reused for SC-PTM.
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