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Introduction
In RAN1 #86 meeting, there were agreements on multicast support for eNB-IoT as followings [1]:
Agreement:
· SC-PTM in NB-IoT is supported at least in RRC_IDLE mode. FFS RRC CONNECTED mode.
· In RRC IDLE mode, priority between SC-PTM and the following needs to be decided at least for:
· SC-PTM and paging, if there is a collision issue
· SC-PTM and a random access procedure (e.g. for unicast BSR), if there is a collision issue
· If RRC_CONNECTED mode is supported, priority between SC-PTM and the following needs to be decided at least for:
· SC-PTM and unicast, if there is a collision issue

In this contribution, we discuss the collision handling issue for SC-PTM (Single-cell Point-to-Multipoint) service support for eNB-IoT. Also, we discuss the scheduling issue and the PRB hopping issue for SC-PTM service support for eNB-IoT.

Collision handling for SC-PTM
In this section, we discuss collision handling for SC-PTM in idle mode. When the transmission timing (i.e., subframe) of SC-PTM and that of paging are equal, we need to set a detection priority between SC-PTM and paging. To be specific, we consider all available cases of collisions: collision between DCI of SC-PTM and DCI of paging, collision between DCI of SC-PTM and payload of paging, collision between payload of SC-PTM and DCI of paging, and collision between payload of SC-PTM and payload of paging. 
In terms of PRB issue for paging and SC-PTM, we considered two methods. First of all, it should be considered to support SC-PTM transmission in different PRB from the PRB of paging. Using the PRB for SC-PTM transmission which is different from the PRB of paging, eNB-IoT system will be available to achieve PRB offloading. So, in this case, we consider that detecting the DCI of paging and receiving the payload of paging have a higher priority than detecting the DCI of SC-PTM and receiving the payload of SC-PTM. This is because paging is the consequent necessary channels for idle mode UEs. The same approach can be applied to prioritization between SC-PTM and random access. That is, detecting the DCI for random access and receiving the payload for random access have a higher priority than detecting the DCI of SC-PTM and receiving the payload of SC-PTM.
On the other hand, it should be also considered to support SC-PTM transmission in same PRB with the PRB of paging. Using the PRB for SC-PTM transmission which is same as the PRB of paging, idle mode UE does not have to switch its frequency to receive SC-PTM service. In this case, firstly, it is considered that detecting the DCI of paging and receiving the payload of paging have a higher priority than detecting the DCI of SC-PTM and receiving the payload of SC-PTM. The same as above, this is because paging is the consequent necessary channels for idle mode UEs. On the other way, in case of collision between DCI of SC-PTM and DCI of paging, it can be considered that setting the DCI design to enable simultaneous detection between DCI of paging and DCI of SC-PTM. For example, setting the DCI format of control for SC-PTM to DCI format N2 which is used for paging and direct indication (or DCI format N1 which is used for random access procedure) and using the design principle of Type1-NPDCCH common search space (or Type2-NPDCCH common search space), UE will be able to detect both DCI of SC-PTM and DCI of paging without additional blind detection. In our preference, the first option is better than the second options for simplicity.

Proposal 1: Detecting the DCI for paging or random access and receiving the payload of paging or random access have a higher priority than detecting the DCI for SC-PTM and receiving the payload of SC-PTM regardless of transmitted PRB for SC-PTM.

Scheduling of SC-MCCH and SC-MTCH
Generally, it can be considered that the SC-MCCH is scheduled by DCI. Here, the DCI can be new DCI format or can reuse the DCI format from release-13 NB-IoT [2]. Basically, the DCI can be transmitted for every SC-MCCH, but it causes large DCI overhead since single PRB is used for transmission in eNB-IoT. In order to reduce DCI overhead, the DCI can be transmitted periodically or only when SC-MCCH payload and/or SC-MCCH scheduling information is changed while SC-MCCH is transmitted periodically. With this approach, only when UE detects the DCI, UE need to decode the DCI for new SC-MCCH payload or new scheduling information.
Also, it can be considered that the scheduling information of SC-MCCH is transmitted in system information (i.e., SIB). In order to reduce the SIB decoding overhead, a DCI can be transmitted to indicate change of SC-MCCH payload and/or SC-MCCH scheduling information. The same as above, the DCI can be new DCI format or can reuse the DCI format from release-13 NB-IoT. With this approach, only when UE detects the DCI, UE need to read SIB for new SC-MCCH payload or new scheduling information.
In our preference, the second method which is using the system information to transmit scheduling information of SC-MCCH is better than the first method which is using the DCI to transmit scheduling information of SC-MCCH.
Moreover, we suggest that the scheduling information of SC-MTCH is dynamically transmitted by DCI. This is because scheduling of SC-MTCH may require more flexibility than SC-MCCH and also a DCI for SC-MTCH might be used for specific UE group according to TMGI. So, it is reasonable that transmitting DCI for SC-MTCH in order to schedule dynamically. 

Proposal 2: Two options should be considered for SC-MCCH scheduling
· Option 1) Scheduling information of SC-MCCH is transmitted in system information. A DCI is transmitted to indicate change of payload or scheduling information of SC-MCCH.
· Option 2) DCI for SC-MCCH is not transmitted for every SC-MCCH transmission but transmitted periodically or only when the payload or scheduling information of SC-MCCH is changed. 
Proposal 3: The scheduling information of SC-MTCH is dynamically scheduled by DCI.

PRB hopping for SC-PTM
In this section, we discuss PRB hopping for SC-PTM. PRB hopping can serve several advantages in SC-PTM service. First, we can consider potential SINR degradation on non-anchor PRB. SC-MCCH and/or SC-MTCH can be served on non-anchor PRB. Using non-anchor PRB for SC-PTM service can provide overhead reduction on anchor PRB. As we discussed in our companion documents [3], there can be a potential degradation of SINR on non-anchor PRB compare to the anchor PRB if PRBs for SC-PTM service is selected by UE based on the required SC-PTM services while anchor PRBs are selected by UE based on the cell selection/reselection procedure which can serve good channel condition. Thus, if single and fixed PRB is used for SC-PTM, some UEs reception performance of SC-PTM service may be degraded. In this perspective, PRB hopping can be applied to SC-PTM services to obtain frequency diversity. 
Secondly, SC-PTM traffics can induce large overhead on a PRB. The PRB that is used for SC-PTM service also can be used for other purpose, such as unicast transmission. If SC-PTM service has higher priority than other purposes, UE that expect other services in SC-PTM PRB cannot use the PRB during the SC-MCCH and SC-MTCH transmission. Thus, it is desirable to have similar SC-PTM loading in all PRBs. In this point of view, periodically PRB hopping should be considered in SC-PTM to prevent too much overhead on a specific PRB.

Proposal 4: To prevent potential degradation of SINR on non-anchor PRB and to achieve load balancing between multiple PRBs, PRB hopping should be considered for SC-PTM

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

Proposal 1: Detecting the DCI for paging or random access and receiving the payload of paging or random access have a higher priority than detecting the DCI for SC-PTM and receiving the payload of SC-PTM regardless of transmitted PRB for SC-PTM.
Proposal 2: Two options should be considered for SC-MCCH scheduling
· Option 1) Scheduling information of SC-MCCH is transmitted in system information. A DCI is transmitted to indicate change of payload or scheduling information of SC-MCCH.
· Option 2) DCI for SC-MCCH is not transmitted for every SC-MCCH transmission but transmitted periodically or only when the payload or scheduling information of SC-MCCH is changed. 
Proposal 3: The scheduling information of SC-MTCH is dynamically scheduled by DCI.
Proposal 4: To prevent potential degradation of SINR on non-anchor PRB and to achieve load balancing between multiple PRBs, PRB hopping should be considered for SC-PTM
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