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1. Introduction

In Rel-13, the NB-IoT was standardized for providing the support of massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and so on in 3GPP. And in order to provide further enhancements to NB-IoT to ensure flexible network deplotments, in RAN#72, new WI for enhanced NB-IoT in Rel-14 has been approved to further introduce additional enhancements to Rel-13 techniques. One of main key enhancements is the SC-PTM to support the multicast transmission in NB-IoT which need to transmit the same information per a cell simultaneously (e.g. firmware or software upgrades, group message delivery). The following is the key object to enable the SC-PTM techniques in NB-IoT provided by WID [1].
Multicast:

· Extend Rel-13 SC-PTM to support multi-cast downlink transmission (e.g. firmware or software updates, group message delivery) for NB-IoT

· Introduction of necessary enhancements to support narrowband operation, e.g. support of NPDCCH, and coverage enhancement, e.g. repetitions

In this contribution, we mainly focus on the analysis about the support of SC-PTM extended to NB-IoT system in terms of RAN1 aspects.
2. Discussion
2.1. Multicast transmission over SC-PTM in NB-IoT
In Rel-13, the SC-PTM has been specified to introduce the multicast transmission in LTE so that efficient group communication scheme per a cell is supported than that of conventional MBMS [2]. In LTE SC-PTM, the following logical channels and related system information have been defined in the specifications, each of which delivers different data/control information for LTE SC-PTM.

SIB20:
· Provide the SC-MCCH configuration on how the SC-MCCH is transmitted in a cell. In details, the SC-MCCH configuration in SIB20 contains the control information including SC-MCCH modification period, duration, repetition period, offset and first subframe.
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Figure 1: SC-MCCH configuration by SIB20
SC-MCCH:

· Provide the SCPTMconfiguration message for scheduling SC-MTCH(s). In details, the SC-PTM configuration message contains the scheduling period, scheduling window and start offset for the MBMS session information and the related SC-MTCH transmission.
· PDCCH with CRC is scrambled by SC-RNTI.
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Figure 2: Scheduling of SC-MTCH by SC-MCCH 
SC-MTCH:

· Deliver the multicast data information in a cell
· PDCCH with CRC is scrambled by G-RNTI.
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Figure 3: Multicast data transmission by SC-MTCH
In addition, in order to notify the UE the MCCH is changed due to the session start, the SC-MCCH change notification is sent by using the PDCCH with CRC scrambled by SC-N-RNTI in LTE SC-PTM. After acquiring the SC-MCCH change notification, UE can also receive the modified MCCH information in same subframe to reduce the latency over SC-PTM.
For support of SC-PTM in NB-IoT, the basic SC-PTM structures in LTE as above can be fully reused with enhancements for supporting the narrowband operations in NB-IoT deployment scenarios, in order to reduce further standard efforts and implementation complexity. For example, in order to allow UEs to monitor SC-MCCH without excessive power consumption, all existing mechanisms for SC-MCCH transmitted on MCH (i.e. change notification, modification and repetition period) could be reused for SC-MCCH transmitted on NPDSCH. The SC-MCCH on NPDSCH could also be multiplexed with other SC-MTCHs on NPDSCH.

In RAN1 perspective, the following potential enhancements for narrowband operations with extended coverage can be basically considered for SC-PTM in Rel-14 eNB-IoT:
· Narrowband SC-MCCH (NSC-MCCH) configurations (e.g. NSC-MCCH modification period) by SIB (e.g. SIB20-NB)
· NPDCCH design for narrowband SC-MCCH transmission
· Common search space design with repetitions for NPDCCH
· NPDCCH design for narrowband SC-MTCH (NSC-MTCH) transmission
· Common search space design with repetitions for NPDCCH
· Narrowband SC-MCCH change notification signaling

· Common search space design with repetitions for NPDCCH

· Narrowband SC-MCCH/MTCH overlapped with other DL channels/signals/configurations
Proposal 1: The basic SC-PTM structures in LTE should be fully reused with enhancements to support the narrowband operations of SC-PTM for NB-IoT.
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Figure 4: Narrowband SC-MCCH modification period with DL valid subframes
In Figure 4, it is shown that for narrowband SC-MCCH configuration in NB-IoT, the SC-MCCH modification concept defined in LTE can be reused with the increased number of DL subframes per narrowband SC-MCCH duration (NSC-MCCH duration). It is assumed that the NSC-MCCH duration composes of the larger number of DL subframes than that of LTE SC-MCCH on the DL valid subframes in NB-IoT, in order to support SC-PTM with extended coverage. It is further considered that SC-PTM in NB-IoT is not allowed to transmit in the subframe where NPBCH, NPSS, NSSS and SIB1 is allocated, and finally those subframes would not be counted as part of NSC-MCCH duration. Moreover, if the DL channels related to SC-PTM are overlapped with the other NB-IoT DL channels/signals/configurations, what UE monitoring behaviors are assumed also need to be clarified in future RAN1 meeting.
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Figure 5: Example of NPDCCH CSS for NSC-MCCH with change notification signaling
In addition, as one example on how to define the NPDCCH Common Search Space (CSS) for NSC-MCCH, we can generally consider that NPDCCH CSS for narrowband SC-MCCH can be configured starting from first subframe within every NSC-MCCH duration to schedule NPDSCH containing NSC-MTCH scheduling information as seen in Figure 5. It is also noted that the narrowband SC-MCCH change notification signaling could be delivered in the specific subframes with repetitions (e.g. starting from first subframe) in NPDCCH CSS per NSC-MCCH duration. After receiving the change notification, the SC-PTM capable UEs can also expect to receive new NSC-MCCH (highlighted by orange color in Figure 5) in same NSC-MCCH duration to reduce additional latency for start of new MBMS session. Further details related to NPDCCH design of narrowband SC-PTM should be discussed in RAN1.
Proposal 2: It can be considered that NPDCCH CSS for narrowband SC-MCCH is configured starting from first subframe or specific subframe configured by higher layer signaling within every NSC-MCCH duration.
Proposal 3: It is proposed to discuss the details on narrowband SC-MCCH change notification signaling using NPDCCH CSS.
3. Summary and conclusions

In this contribution, we provided our proposals on the potential SC-PTM design aspects for NB-IoT. The suggestions of this contribution are summarized as follows:
Proposal 1: The basic SC-PTM structures in LTE should be fully reused with enhancements to support the narrowband operations of SC-PTM for NB-IoT.

Proposal 2: It can be considered that NPDCCH CSS for narrowband SC-MCCH is configured starting from first subframe or specific subframe configured by higher layer signaling within every NSC-MCCH duration.

Proposal 3: It is proposed to discuss the details on narrowband SC-MCCH change notification signaling using NPDCCH CSS.
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