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1. Introduction

In RAN1#86bis, RAN1 has reached the following agreements on the support of SC-PTM in the NB-IoT [1].

Agreements:

· The maximum number of on-going SC-MTCHs supported by SC-MCCH is reduced compared to LTE. 

· Send LS to RAN2 to

· Inform RAN2 that RAN1 assumes the maximum number of on-going SC-MTCHs supported by SC-MCCH is reduced compared to LTE
· Request RAN2 to inform RAN1 of the maximum number of on-going SC-MTCHs supported by SC-MCCH in NB-IoT.
· Also include the larger maximum TBS value (if agreed this week)
· Request RAN2 to inform RAN1 whether and how segmentation of SC-MCCH will be supported in Rel-14.
Agreements:

· Transmission of a given SC-MCCH is restricted to one NB-IoT carrier

· Transmission of a given SC-MTCH is restricted to one NB-IoT carrier

Agreements:

· For the search space scheduling SC-MCCH (called Type1-MSS for RAN1 purposes)

· UE monitoring of blind decoding candidates is based on FFS: Type1-CSS or Type2-CSS

· α, Rmax, and G values for Type1-MSS are configured per SC-MCCH by higher layers

Agreements:

· For the search space scheduling SC-MTCH (called Type2-MSS for RAN1 purposes)

· UE monitoring of blind decoding candidates is based on FFS: Type1-CSS or Type2-CSS

· α, Rmax, and G values for Type2-MSS are configured per SC-MTCH in SC-MCCH

· UE is not required to simultaneously monitor Type1-MSS and Type2-MSS

· UE is not required to monitor Type2-MSS while receiving NPDSCH carrying SC-MTCH

In this contribution, we consider the transmission of SC-MCCH and SC-MCCH change notification in NB-IoT based on the Rel-13 SC-PTM mechanism.

2. SC-MCCH transmission and configuration
In Rel-13 LTE SC-PTM, the SIB20 provides the information required to acquire the control information configuration of SC-MCCH containing scheduling information of SC-MTCHs [2]. Similarly, SIB20-NB in NB-IoT would be able to provide the configuration information for SC-MCCH transmission according to SC-MCCH transmission scheme. Note that there may be multiple TBs (NPDSCH) for one SC-MCCH packet due to the limited TBS size in NB-IoT as discussed in [3]. Therefore, in order to completely receive the SC-MCCH packet, UE at least needs to decode all NPDCCHs/NPDSCHs associated to the SC-MCCH packet. However, depending on target multicast session of a UE, the UE may skip to decode some NPDSCHs that do not contain the interesting multicast session information to save the power consumption. For SC-MCCH configuration, following options can be considered.
Proposal 1: One SC-MCCH packet transmission can be associated with more than one TB (NPDSCH).

SC-MCCH configuration option #1: 
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Figure 1: SC-MCCH configuration option #1
Option 1 shows that values of both SC-MCCH modification period and repetition period in LTE SC-PTM SIB20 can be reused for SC-MCCH in NB-IoT. That is, in a given SC-MCCH modification period, it can consist of multiple SC-MCCH repetition periods for reliable SC-MCCH reception in UE side, and in addition, it is proposed to use multiple search space periods within a SC-MCCH repetition period, in order to address the NPDSCH transmissions when containing multiple TBs for one SC-MCCH packet as in Figure 1. It can be very helpful to support flexible SC-MCCH transmission by the network configuration with SIB20-NB in a cell.
SC-MCCH configuration option #2:
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Figure 2: SC-MCCH configuration option #2
For option 2, the only difference compared to the option 1 is to allow multiple NPDSCH transmissions by one NPDCCH scheduling in a SC-MCCH repetition period as seen in Figure 2. It can be beneficial to reduce the NPDCCH signaling overhead, even if SC-MCCH packet size is not large. Because there is less motivation to change NPDSCH scheduling information for the multiple NPDSCH transmission at least in a SC-MCCH repetition period.
For SC-MCCH transmission, there will be several additional configurations which need to be provided by SIB20-NB. For example, above discussed search space period is derived by G and R_max parameters. Also, for option 2, the number of NPDCCHs (TBs) associated one NPDCCH within a SC-MCCH repetition period can be configured by SIB20-NB, in order to inform UE of whole control information in SC-MCCH.
Proposal 2: Consider using search space period/repetition period for configuring SC-MCCH transmission in a SC-MCCH modification period.
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 if the DL valid subframe is additionally configured by the SIB1-NB, then it seems be natural to use the DL valid subframes for SC-MCCH/SC-MTCH transmission. 
Proposal 3: DL valid subframes provided by SIB1-NB are used for SC-PTM if configured.

For scheduling of the SC-MCCH, DCI format N2 can be used as the baseline. This DCI format provides all necessary information such as resource assignment, MCS level, and repetition number that would be needed for SC-MCCH transmission. It can be further considered on whether additional scheduling information such as scheduling delay particularly for the case using SC-MCCH configuration option #2 are needed or not
Proposal 4: DCI format N2 is used to schedule SC-MCCH.
3. SC-MCCH change notification signalling
In LTE SC-PTM, SC-MCCH change notification signalling is used to notify the UEs about multicast session changes in a first subframe which can be used to transmit SC-MCCH in a repetition period. For SC-MCCH change notification signalling in NB-IoT, direct indication for SIB change notification can be reused for this purpose and therefore, DCI format N2 with P-RNTI is used without introducing additional RNTI (e.g. SC-N-RNTI). Direct indication information IE can contain SC-MCCH change notification bits.
In NB-IoT, if a carrier to transmit SC-MCCH is different from that of transmitting SIB20-NB, then SC-MCCH change notification signalling can be transmitted in the carrier that is used for SC-MCCH transmission. Therefore, it should be associated with SC-MCCH and its change notification signalling within a same carrier.
Proposal 5: Use direct information in DCI format N2 for SC-MCCH change notification signaling
4. Summary and conclusions

In this contribution, we provided our proposals on the potential SC-MCCH design aspects for NB-IoT. The suggestions of this contribution are summarized as follows:
Proposal 1: One SC-MCCH packet transmission can be associated with more than one TB (NPDSCH).

SC-MCCH configuration option #1: 

Proposal 2: Consider using search space period/repetition period for configuring SC-MCCH transmission in a SC-MCCH modification period.
Proposal 3: DL valid subframes provided by SIB1-NB are used for SC-PTM if configured.

Proposal 4: DCI format N2 is used to schedule SC-MCCH.
Proposal 5: Use direct information in DCI format N2 for SC-MCCH change notification signaling
5. Reference

[1] RAN1#86bis Chairman’s Note
[2] 3GPP TS36.331 V13.2.0
[3] R1- 1608612 Discussion on configuration of SC-MTCH in NB-IoT Huawei, HiSilicon
