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1 Introduction

New work item on NB-IoT enhancements was accepted in RAN#72 [1]. One goal is to provide multicast support using MBMS and SC-PTM for NB-IoT, as described in the WID text: 
Multicast
· Extend Rel-13 SC-PTM to support multi-cast downlink transmission (e.g. firmware or software updates, group message delivery) for NB-IoT [RAN2 lead, RAN1, RAN4, RAN3]

· Introduction of necessary enhancements to support narrowband operation, e.g. support of NPDCCH, and coverage enhancement, e.g. repetitions
In this contribution we discuss details of introducing SC-PTM support for NB-IoT, that is, either bandwidth limited (BL) UEs or UEs in coverage enhancement. This contribution is related to [2] on general SC-PTM aspects for MTC and [3] on SC-PTM details for eMTC (and coverage enhanced UEs). 

2 SC-PTM support for NB-IoT
2.1 Downlink reception of SC-PTM

For NB-IoT, the ability for the UE to receive SC-MCCH and SC-MTCH (or similar) logical channels needs to be specified. We propose that RAN2 uses the same logical channels for both eMTC and NB-IoT, and the most natural way forward would be to continue using SC-MCCH and SC-MTCH as specified in Rel-13 while taking into account any possible parameter changes needed to support narrowband operation and coverage enhancements (i.e. subframe repetitions). 
If the currently existing RNTIs are used for SC-MCCH and data transmissions, we think the following downlink reception procedure, as specified in [6], should be applicable for NB-IoT as well:  

	When the MAC entity has SC-RNTI and/or G-RNTI, the MAC entity shall for each TTI during which it monitors PDCCH for SC-RNTI as specified in [8] and for G-RNTI as specified in subclause 5.7a and for each Serving Cell:
-
if a downlink assignment for this TTI and this Serving Cell has been received on the PDCCH for the MAC entity’s SC-RNTI or G-RNTI:

-
attempt to decode the received data.
-
if the data which the MAC entity attempted to decode was successfully decoded for this TB:

-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity.




RAN2 should make the necessary changes in TS 36.302 on which RNTIs are monitored, see also the discussion in [2] describing common aspects of multicast for eMTC and NB-IoT.

Proposal 1 Add support of SC-MCCH and SC-MTCH reception using SC-RNTI and G-RNTI for NB-IoT UEs. 
Proposal 2 If Proposal 1 is agreed, use the current downlink reception procedure in MAC also for SC-PTM for NB-IoT.
DRX operation for SC-PTM is specified in MAC. We propose to continue to use the same DRX mechanism for NB-IoT as well, where RAN2 should check that the starting and stopping conditions of the DRX timers are valid for NB-IoT and propose changes if necessary. See Appendix for the current specification text. 
Proposal 3 Use the existing DRX mechanism for SC-PTM for NB-IoT, and specify any necessary changes for the timer starting and stopping conditions.
As discussed in the general overview contribution [2], there are three RNTIs the UEs are monitoring when using SC-PTM. Our preference is to remove SC-N-RNTI monitoring for NB-IoT, and use some other mechanism instead. There is no DCI format in NB-IoT for supporting change notification like in legacy SC-PTM (i.e. no DCI Format 1C). We think the current notification mechanism using SC-N-RNTI is neither efficient nor suitable for NB-IoT use, thus, we propose RAN2 to study alternative mechanisms for notifying UEs on SC-MCCH change. 

Observation 1 DCI Format 1C does not exist for NB-IoT thus there is currently no direct RAN1 support (DCI format) available for SC-N-RNTI monitoring. 

Proposal 4 Do not specify SC-N-RNTI monitoring for NB-IoT UEs; specify alternative means, e.g., use Direct Indication, to indicate SC-MCCH change for NB-IoT UEs instead.  
If SC-N-RNTI is used, new DCI formats need to be defined. Alternatively, SC-MCCH change notification is handled using some other mechanism, such as including a change notification flag in the Direct Indication information, that is, using DCI format N2 for NB-IoT [8].
SC-PTM is specified to use RLC UM mode. However, for NB-IoT RLC UM is not supported. RAN2 needs to discuss an approach to solve this issue. Possible ways forward include: 

1. Use RLC TM for SC-PTM

2. Specify RLC UM for NB-IoT at least for SC-PTM use

3. Use RLC AM for SC-PTM

Approaches 1. and 3. include changes to current SC-PTM operation, i.e., by either removing some services provided by RLC or adding acknowledgements. The latter approach would require the UEs to initiate uplink transmissions, which would potentially cause capacity issues and signalling overload when SC-PTM is used for transmissions to UEs in RRC_IDLE. See also related discussion in [2].
Proposal 5 Discuss which RLC mode is used for SC-PTM for NB-IoT. 

2.2 Configuration aspects

SC-PTM operation is configured using SIB20 (for example to indicate location of SC-MCCH) and the SCPTMConfiguration message, where information of SC-MTCH scheduling is given in the SC-MTCH-InfoList information element. For more details, see [2]. RAN2 should ensure that versions of SIB15, SIB20 and SCPTMConfiguration are receivable by NB-IoT UEs. 
Proposal 6 Provide support for SIB15 and SIB20 for NB-IoT by defining SIB15-NB and SIB20-NB.  

Proposal 7 Define a SCPTMConfiguration-NB RRC message and related information elements for NB-IoT.  

Depending on where in frequency the SC-MCCH is scheduled (on which carrier or narrowband) it might be necessary to include carrier or narrowband information of SC-MCCH to SIB20. Likewise, depending on where the SC-MTCH is scheduled, it might be necessary to have the carrier or narrowband information of SC-MTCH in the SCPTMConfiguration . 

Observation 2 Depending on how SC-MCCH and SC-MTCH are scheduled, it might be necessary to include carrier or narrowband information and frequency hopping information in SIB20-NB and configuration information on SC-MCCH. 

RAN2 needs to make sure proper configuration options exist in SIB20 and SCPTMInformation so that the UEs are able to receive possibly repeated subframes using SC-PTM. In [2] we explicitly mention onDurationTimerSCPTM and the scheduling frequency of SC-MTCH and the multicast data transmissions. The maximum repetition factor for NPDCCH is 2048 and similarly for NPDSCH also 2048. As the DRX parameters for NB-IoT are defined using PDCCH periods, the configuration in current SC-MTCH-InfoList information element should be redefined for NB-IoT use. 
Observation 3 The existing SC-MTCH DRX configuration is based on PDCCH subframes and not on PDCCH periods. 

Proposal 8 RAN2 should discuss if SC-PTM DRX timer configuration for NB-IoT is based on PDCCH periods. 
Depending on the available subframes for downlink transmission, it might be necessary to increase the length of maximum possible scheduling interval of SC-MTCH. The current maximum is 8192 subframes, but depending on the configuration of allowed downlink subframes, it is possible that repetitions of a downlink transmission cannot be finished within 8192 subframes. Possible solutions: calculate only allowed downlink subframes for SC-MTCH scheduling, or then increase the maximum scheduling periodicity. 

Observation 4 SC-MTCH scheduling interval may need extension.

2.3 MBMS Service Continuity

For NB-IoT, RAN2 should consider if support for MBMS Service Continuity brings too much extra complexity and if the NB-IoT mobility procedures are able to handle UEs changing cells while receiving a MBMS service. If service continuity is not supported, it should be possible for the UE to request unicast reception of the service before changing cell [5].

Proposal 9  Discuss if MBMS Service Continuity is supported for NB-IoT.

2.4 SC-MTCH scheduling enhancement 

SC-MTCH is scheduled according to the configuration given in the SCPTMConfiguration in SC-MCCH. The scheduling goes on until SC-MCCH is changed for the specific G-RNTI. This means that the UE is expected to check for G-RNTI for downlink multicast traffic according to the SC-MCCH scheduling periodicity before the actual change happens. Depending on how the SC-MCCH change will be indicated and what is the modification period, the actual SC-MCCH change and UE acquisition might take some time even after the actual downlink multicast data has been transmitted. Especially when the use case involves transmitting some elastic traffic, such as a firmware upgrade, the actual data scheduling might have stopped while the SC-MTCH scheduling continues for some time. 

Thus it would be beneficial if the eNB could signal in-band in SC-MTCH to the UEs that scheduling of a particular service has stopped before the actual SC-MCCH change. This can be done, for example, by using a similar MAC CE as is used in MBSFN for stopping a service. 

Observation 5 In-band signalling of stopping scheduling of a service would help UEs to save power. 

Proposal 10 Define a MAC CE for stopping service scheduling for MTC SC-PTM. 

3 Conclusion

In this contribution we discuss details of introducing SC-PTM support for NB-IoT, that is, either bandwidth limited (BL) UEs or UEs in coverage enhancement. In section 2 we made the following observations:
Observation 1
DCI Format 1C does not exist for NB-IoT thus there is currently no direct RAN1 support (DCI format) available for SC-N-RNTI monitoring.
Observation 2
Depending on how SC-MCCH and SC-MTCH are scheduled, it might be necessary to include carrier or narrowband information and frequency hopping information in SIB20-NB and configuration information on SC-MCCH.
Observation 3
The existing SC-MTCH DRX configuration is based on PDCCH subframes and not on PDCCH periods.
Observation 4
SC-MTCH scheduling interval may need extension.
Observation 5
In-band signalling of stopping scheduling of a service would help UEs to save power.


Based on the discussion in section 2 we propose the following:
Proposal 1
Add support of SC-MCCH and SC-MTCH reception using SC-RNTI and G-RNTI for NB-IoT UEs.
Proposal 2
If Proposal 1 is agreed, use the current downlink reception procedure in MAC also for SC-PTM for NB-IoT.
Proposal 3
Use the existing DRX mechanism for SC-PTM for NB-IoT, and specify any necessary changes for the timer starting and stopping conditions.
Proposal 4
Do not specify SC-N-RNTI monitoring for NB-IoT UEs; specify alternative means, e.g., use Direct Indication, to indicate SC-MCCH change for NB-IoT UEs instead.
Proposal 5
Discuss which RLC mode is used for SC-PTM for NB-IoT.
Proposal 6
Provide support for SIB15 and SIB20 for NB-IoT by defining SIB15-NB and SIB20-NB.
Proposal 7
Define a SCPTMConfiguration-NB RRC message and related information elements for NB-IoT.
Proposal 8
RAN2 should discuss if SC-PTM DRX timer configuration for NB-IoT is based on PDCCH periods.
Proposal 9
Discuss if MBMS Service Continuity is supported for NB-IoT.
Proposal 10
Define a MAC CE for stopping service scheduling for MTC SC-PTM.
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Appendix: DRX reference

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.
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