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Introduction
[bookmark: _GoBack]In RAN #72 meeting, eNB-IoT was approved as a work item. The objective is to specify additional features including multicast, to achieve even lower device power consumption, while maintaining the coverage and capacity of the NB-IoT network, and ultra-low UE cost. The objectives apply to the in-band, guard-band, and standalone operation modes and the same coverage enhancement targets as defined in the Rel-13 NB-IoT work item [1].
According to [1], a multicast transmission which is supported by eNB-IoT is as follows:
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 physical channels for SC-PTM (Single-cell Point-to-Multipoint) service support for eNB-IoT. Also, we have some consideration points for eNB-IoT system when it handles multicast transmission. The first one is a PRB allocation issue and the other one is CE (coverage enhancement) level issue (i.e., repetition number set issue). It should be noted that most of the discussions/proposals in this contributions is applicable in supporting SC-PTM for Fe-MTC as well, considering “PRB” for eNB-IoT as “NB (narrow band)” for Fe-MTC.

Physical channels for SC-PTM
In this section, we discuss physical channels of SC-PTM service support for eNB-IoT. There are two logical channels for the SC-PTM service. The multicast traffic channel (MTCH) carries broadcast traffic, while the multicast control channel (MCCH) carries RRC signaling messages that describe how the traffic channels are being transmitted. Now, we should apply to these logical channels to physical channels using NPDCCH and NPDSCH. So, we should consider following five cases: MCCH scheduling, MCCH change notification, MCCH traffic, MTCH scheduling, and MTCH traffic.
As for the physical channels carrying each logical channels and scheduling information for SC-PTM in eNB-IoT, physical channels used for SC-PTM in legacy LTE can be extended straight forwardly. Firstly, the MCCH scheduling should be transmitted in NPDCCH with CRC scrambled by SC-RNTI and the MCCH traffic should be transmitted in NPDSCH. Also, the MTCH scheduling should be transmitted in NPDCCH with CRC scrambled with G-RNTI and the MTCH traffic should be transmitted in NPDSCH. Finally, the MCCH change notification should be transmitted in NPDCCH with CRC scrambled by SC-RNTI. Further details including the followings should be discussed further considering general design of SC-PTM procedure and other procedures such as non-anchor PRB operation for eNB-IoT.
· DCI format and search spaces for MCCH scheduling: whether to follow DCI format N1 or N2 or new DCI format 
· DCI format and search spaces for MTCH scheduling: whether to follow DCI format N1 or N2 or new DCI format
· Differentiation between DCIs for MCCH scheduling and MCCH change notification: whether to be differentiated by different payload sizes or explicit indication.  

Proposal 1: Physical channels for SC-PTM service transmission should be assumed as follows.   DCI formats and the search spaces for MCCH scheduling, MTCH scheduling and MCCH change notification should be decided further:
1) MCCH scheduling: NPDCCH with CRC scrambled by SC-RNTI.
2) MCCH traffic: NDPSCH.
3) MTCH scheduling: NPDCCH with CRC scrambled by G-RNTI.
4) MTCH traffic: NDPSCH.
5) MCCH change notification: NPDCCH with CRC scrambled by SC-RNTI.

PRB allocation for control and data transmission 
The SC-PTM service should be accessible for both connected-mode NB-IoT UEs and idle-mode NB-IoT UEs. This is because the SC-PTM services are mainly transmitted to update firmware or software or to deliver a group message. Therefore, the SC-PTM service should be transmitted to not only connected-mode NB-IoT UEs but also idle-mode NB-IoT UEs. 
To support SC-PTM service in a same PRB for a group of NB-IoT UEs, PRB for SC-PTM transmission should be configurable by any anchor PRB. Also, it should be considered to support SC-PTM transmission in different PRBs depending on different services in a same subframe. Also, the discussions for SC-PTM transmission on non-anchor PRB should be for further study.

Proposal 2: To support SC-PTM service in a same PRB for a group of NB-IoT UEs, PRB for SC-PTM transmission should be configurable by any anchor PRB.

Different PRB transmission for the MCCH and the MTCH should be considered in eNB-IoT for SC-PTM. It is beneficial to transmit the MCCH on single PRB (i.e., single carrier) since it reduces the usage of resource block. This is because, when the MCCH is transmitted by multiple PRBs, it should have to carry the same information for multiple PRBs. However, since the MTCH carries different information for different TMGI, it might be overloaded to transmit the MTCH on the single PRB. Therefore, we should consider that eNB transmits the MTCH to NB-IoT UE for different PRBs according to its TMGI (or G-RNTI). 
The same as above, the transmission of the NPDCCH of MCCH on single PRB is beneficial. However, we must not ignore that the transmission of the NPDCCH of MCCH on multiple PRBs. This is because, when the NPDCCH of MCCH is transmitted in the PRB which is same as the PRB for unicast transmissions, connected-mode NB-IoT UEs do not have to change their frequency band. In other words, connected-mode UEs are free from the interrupting unicast transmissions. Therefore, the transmission of the NPDCCH of MCCH on multiple PRBs also should be considered.
Also, it can be considered that the NPDSCH of the MTCH can be transmitted in different PRB from the NPDCCH for the MTCH and can be dynamically indicated by the NPDCCH depending on the level of flexibility for PRB offloading for SC-PTM.

Proposal 3: It should be considered that eNB transmits the MTCH to NB-IoT UE for different PRBs according to its TMGI (or G-RNTI).

CE level of NPDCCH
In this section, we discuss CE level of SC-PTM service support for eNB-IoT. In release 13 NB-IoT specification [2], for PDSCH, eNB can select any repetition number over full range by using DCI. Therefore, the same mechanism can be applied in indicating repetition number of PDSCH for MCCH or MTCH.  However, we should consider deciding the CE level (e.g., Rmax) of the NPDCCH of MCCH and that of the NPDCCH of MTCH. There are several ways to support different CE levels of the NPDCCH, such as using the single CE level or selecting CE level according to specific criterion.
First of all, we consider the cell specific single CE level of the NPDCCH of MCCH. If we assume single MCCH carries necessary information to receive all the SC-PTM traffic, transmitting the same MCCH information multiple times with different CE levels may not be necessary. Also, by using cell specific single CE level, it has low system complexity than using variable multiple CE levels. Therefore, we should consider the cell specific single CE level of the NPDCCH of MCCH, which can be signaled by NB-SIB

Proposal 4: For SC-PTM in eNB-IoT, the cell specific single CE level of the NPDCCH of MCCH is configured.

On the other hands, selecting CE level of the NPDCCH of MTCH should be considered according to specific TMGI (or G-RNTI). Since the NPDCCH of MTCH might have different information, it is realistic to consider selecting different CE levels according to different information. Also, it is reasonable that the target coverage region is usually depends on its service type (or G-RNTI). Therefore, we should consider that configurability of CE level of the NPDCCH of MTCH according to specific TMGI (or G-RNTI). The CE level may be indicated via NPDSCH of MCCH.

Proposal 5: For SC-PTM in eNB-IoT, configurability of CE level of the NPDCCH of MTCH should be considered according to specific TMGI (or G-RNTI).

Conclusion
In this contribution we presented our view on SC-PTM service support for eNB-IoT. We make the following proposals:

Proposal 1: Physical channels for SC-PTM service transmission should be assumed as follows.   DCI formats and the search spaces for MCCH scheduling, MTCH scheduling and MCCH change notification should be decided further:
1) MCCH scheduling: NPDCCH with CRC scrambled by SC-RNTI.
2) MCCH traffic: NDPSCH.
3) MTCH scheduling: NPDCCH with CRC scrambled by G-RNTI.
4) MTCH traffic: NDPSCH.
5) MCCH change notification: NPDCCH with CRC scrambled by SC-RNTI.
Proposal 2: To support SC-PTM service in a same PRB for a group of NB-IoT UEs, PRB for SC-PTM transmission should be configurable by any anchor PRB.
Proposal 3: It should be considered that eNB transmits the MTCH to NB-IoT UE for different PRBs according to its TMGI (or G-RNTI).
Proposal 4: For SC-PTM in eNB-IoT, the cell specific single CE level of the NPDCCH of MCCH is configured.
Proposal 5: For SC-PTM in eNB-IoT, configurability of CE level of the NPDCCH of MTCH should be considered according to specific TMGI (or G-RNTI).
Reference
[1] R1-161324, “New work item proposal: Enhancements of NB-IoT,” Vodafone, Huawei, HiSilicon, Ericsson, Qualcomm, RAN #72.
[2] 3GPP TS 36.213 V13.2.0, Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures (Release 13)

	2/4	
