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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
A new Rel-14 work item was approved in RAN#72 to enhance NB-IoT [1]. Multicast service are to be supported for software update. The objective regarding the multicast service in Rel-14 NB-IoT is:
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

This contribution gives the potential problem that should be considered in the design of multicast support in NB-IoT. 
Search space of multicast in NB-IoT
According to the objective in the WID, tSC-PTM needs to be extended to support multicast in NB-IoT. The basic procedure of Rel-13 SC-PTM is illustrated in Figure 1. As shown in Figure 1, two types of logical channel, SC-MCCH and SC-MTCH, are introduced to support multicast. The data of one multicast session is transmitted by one SC-MTCH, which is conveyed by PDSCH in the physical layer. The configuration parameters for each SC-MTCH transmission such as the group RNTI of SC-MTCH and the DRX pattern of the SC-MTCH, is transmitted as the IE SC-MTCH-Info in the SC-MCCH. SC-MCCH is used to broadcast a list of the configuration of SC-MTCHs of all multicast sessions.
[image: ]
Figure 1 Procedure of Rel-13 SC-PTM
It can be observed that in Rel-13 SC-PTM both SC-MCCH and SC-MTCHs are dynamically scheduled by DCI, which is conveyed by PDCCH through LTE common search space. The DCIs which schedule SC-MCCH and SC-MTCH are differentiated by different RNTIs, i.e. SC-RNTI for SC-MCCH and corresponding G-RNTIs for SC-MTCHs respectively. Besides DCI format 1A, DCI format 1C is used as a notification that the configuration information in SC-MCCH in the current MP (modification period) has been changed from that in the previous MP. SC-N-RNTI is used as the mask ID for this change notification DCI.
It should be noticed that in Rel-13 SC-PTM the DCIs for scheduling SC-MCCH, DCIs for scheduling SC-MTCHs and the DCIs for change notification of configuration information in SC-MCCH are all transmitted in one common search space. Rel-13 LTE UEs have the capability to simultaneously detect DCI for SC-MCCH, DCI for SC-MTCH and DCI for SC-MCCH change notification, even if more than one DCIs are sent in the same search space.
However, the UE capability is different in NB-IoT. In NB-IoT, the following agreements have been achieved in Rel-13 to reduce the device cost and complexity.
Agreements in Rel-13:
·  A UE is not required to monitor an NPDCCH search space that ends later than 4ms before the beginning of the next NPDCCH search space. 
· UE is not required to simultaneously monitor NB-PDCCH USS and CSS
· UE is not required to simultaneously monitor CSS for paging and CSS for RAR/Msg 3 re-tx/Msg 4.
· An NB-IoT UE that has received a grant from an NB-PDCCH is not required to monitor NB-PDCCH for any further DL or UL grant during the time period between the end of the NB-PDCCH that schedules the grant and the start of the corresponding NB-PDSCH or NB-PUSCH transmission
An NB-IoT UE only has the capability to detect one single DCI format at a time. It is also possible for an NB-IoT UE to monitor the same DCI format but differentiated by different RNTIs in one search space because an additional CRC masking is a relatively trivial operation [2]. However, even in this case, only one DCI is expected in one search space by the NB-IoT UE. 
For NB-IoT SC-PTM, similarly as for LTE, the configuration parameters of SC-MTCHs should be broadcasted in parallel with the on-going SC-MTCHs in the cell. This is essential to make the UEs who have not obtained the configuration of interested SC-MTCH sessions start to receive the interested on-going SC-MTCH session. Considering the above NB-IoT UE capability, if the configuration parameters of on-going SC-MTCHs are conveyed in dynamically scheduled SC-MCCH, separate search space should be introduced for SC-MCCH other than the search space for on-going SC-MTCHs. Furthermore, as analyzed in our companion paper [3], if the configuration parameters of SC-MTCHs are conveyed in SIB instead of on SC-MCCH, the search space design and collision handling would be simplified in NB-IoT.
NB-IoT UEs should not be required to simultaneously monitor NPDCCH search space for one SC-MTCH and common search space for SC-MCCH, and also not be required to monitor two search space of two SC-MTCHs simultaneously. 
Observation 1: Separate common search space needs to be introduced for SC-MCCH other than the search space for on-going SC-MTCHs, if dynamically scheduled SC-MCCH is used in NB-IoT.  This may introduce additional device complexity.
Proposal 1: NB-IoT UEs are not required to simultaneously monitor NPDCCH search space for one SC-MTCH and search space for SC-MCCH (if the SC-MCCH is decided to be dynamically scheduled in NB-IoT).
For the search space of on-going SC-MTCHs, it should be noticed that the coverage needs to be extended for NB-IoT multicast sessions. However, for different multicast sessions, there would be different required coverage. Hence, separate search space should be configurable for different on-going SC-MTCHs, which can be transmitted on different PRBs.
Proposal 2: Individual search space configurations are supported per SC-MTCH.
In Rel-13 SC-PTM, DCI format 1C is extended to indicate the change of the configurations in SC-MCCH, by SC-N-RNTI, detected simultaneously with the DCIs that schedule the SC-MTCHs, which uses DCI format 1A and masked with corresponding G-RNTIs. However, NB-IoT UE assumes only one DCI is scheduled in the same search space even if it monitors more than one RNTI. Hence if a separate DCI as in Rel-13 SC-PTM is introduced as a change notification of configuration information, the on-going SC-MTCH will be interrupted. This is not acceptable considering the change notification needs to be transmitted periodically by several times in one modification period (MP).
Hence, a separate DCI cannot be directly used as change notification of SC-MTCH configurations in NB-IoT, and instead the same DCI can provide scheduling information for both the SC-MTCH and contain a configuration change notification. 
Proposal 3: The DCI format scheduling SC-MTCH (and SC-MCCH if used) can also indicate a configuration change notification.
Collision handling
A single HARQ process is used in physical layer for NB-IoT and NB-IoT UEs only have the capability to receive one transport block per RU in downlink. Hence, when an NB-IoT UE is already monitoring and receiving one on-going SC-MTCH session, the UE should either interrupt the receiving of the on-going SC-MTCH session or refuse to receive any other traffic in the downlink.
SC-MTCH and SC-MCCH (if used) needs to be transmitted over NPDSCH. Hence, NB-IoT UEs cannot receive the SC-MCCH and the interested on-going SC-MTCH simultaneously, if the SC-MCCH is decided to be introduced in NB-IoT. The NB-IoT UE needs to interrupt the reception of on-going SC-MTCH transmission when receiving the configuration information in SC-MCCH, otherwise the collision handling rules needs to be defined between SC-MCCH and on-going SC-MTCH. If the configuration information of on-going SC-MTCHs are transmitted in the SIB instead of on SC-MCCH, as analyzed in our companion paper [3], there is no need to introduce new mechanism and this will simplify the UE.
In Rel-13 SC-PTM, UEs in IDLE mode and UEs in connected mode can receive the interested SC-PTM multicast session. NPDSCH is fully TDM multiplexed inside one PRB and the bandwidth of NB-IoT UE is just one PRB. Hence, it is impossible to receive the paging message and multicast session simultaneously for NB-IoT IDLE mode UEs. There should be new rules defined for collision handling if a paging occasion arrives while the UE is already in the reception of one SC-MTCH session. One example can be the UE always go to the the PRB configured for paging reception to monitor the CSS for paging and drops all the SC-MTCH transmissions that overlap the paging message. This would further reduce the reliability of multicast transmission, because some transport blocks would be lost due to overlapping with paging occasions. 
Proposal 4: NPDSCH that conveys paging and NPDSCH that conveys multicast traffic are not received simultaneously by NB-IoT UEs in IDLE mode. The priority between paging message and SC-PTM session should be defined for NB-IoT UEs.
Similarly, while an NB-IoT UE is in connected mode, the UE needs to monitor the USS for unicast traffic. It should be also considered to handle the collision between the SC-PTM traffic in a CSS, and unicast traffic. One simple solution could be just drop all the potential SC-PTM related transmissions while a NB-IoT UE is in connected mode.
Proposal 5: NPDSCH for unicast traffic and NPDSCH for multicast traffic are not received simultaneously by NB-IoT UEs in connected mode. It should be decided whether multicast sessions are expected to be received by NB-IoT UEs in connected mode.

[bookmark: _Ref129681832]Conclusions
In this contribution, open issues regarding the search space design and collision handling are discussed when multicast service is introduced in NB-IoT. It is proposed to agree the following proposals as the start point of the NB-IoT multicast design.
Observation 1: Separate common search space needs to be introduced for SC-MCCH other than the search space for on-going SC-MTCHs, if dynamically scheduled SC-MCCH is used in NB-IoT. This may introduce additional device complexity.
Proposal 1: NB-IoT UEs are not required to simultaneously monitor NPDCCH search space for one SC-MTCH and search space for SC-MCCH (if the SC-MCCH is decided to be dynamically scheduled in NB-IoT).
Proposal 2: Individual search space configurations are supported for each SC-MTCH.
Proposal 3: The DCI format scheduling SC-MTCH (and SC-MCCH if used) can also indicate a configuration change notification.
Proposal 4: NPDSCH that conveys paging and NPDSCH that conveys multicast traffic are not received simultaneously by NB-IoT UEs in IDLE mode. The priority between paging message and SC-PTM session should be defined for NB-IoT UEs.
Proposal 5: NPDSCH for unicast traffic and NPDSCH for multicast traffic are not received simultaneously by NB-IoT UEs in connected mode. It should be decided whether multicast sessions are expected to be received by NB-IoT UEs in connected mode.
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