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For NB-IoT in Rel-14, SC-PTM is to be extended to support multicast services for e.g. software updates [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 [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 in Rel-13 SC-PTM
The basic procedure of Rel-13 SC-PTM is illustrated in Figure 1. Multicast is supported via two logical channels, SC-MCCH and SC-MTCH. The data of one multicast session is transmitted by a corresponding SC-MTCH, 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 broadcasts a list of the configurations of SC-MTCHs of all multicast sessions.
[image: ]
Figure 1 Procedure of Rel-13 SC-PTM
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 RNTIs, i.e. SC-RNTI for SC-MCCH and corresponding G-RNTIs for SC-MTCHs. 
A separate DCI, masked by SC-N-RNTI using DCI format 1C, is used for notification that the configuration information in SC-MCCH in the current MP (modification period) has been changed from that in the previous MP. 
Search space in NB-IoT multicast
Design principle of search space for NB-IoT SC-PTM
Rel-13 LTE UEs have the capability to simultaneously detect DCIs for SC-MCCH, DCI for SC-MTCH and DCI for SC-MCCH change notification, even if more than one DCI is sent in the same common search space and subframe.
However, the UE blind decoding load is significantly reduced in NB-IoT in pursuit of ultra-low device cost and complexity according to the following agreements:
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
The key motivation behind these (and other) agreements was that the NB-IoT UE should only be required to perform one activity at a time, in this case, to detect DCIs with the same size at a time. It is also possible for an NB-IoT UE to monitor the same DCI format differentiated by RNTIs in one search space because an additional CRC masking is a relatively trivial operation [2]. To keep the low complexity and long battery life of NB-IoT devices, it is proposed to assume the same DCI detection capability in 
Rel -13 for NB-IoT multicast design.
Proposal 1: SC-PTM shall not increase the number of blind decoding attempts in a subframe compared to Rel-13 NB-IoT and shall not reduce the minimum gap between a UE’s search spaces of 4ms.
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. NB-IoT multicast should at least support to transmit SC-MCCH and SC-MTCHs over different PRBs. By allowing this, NB-IoT can support the transmission of SC-MCCH in parallel with the on-going SC-MTCHs. 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.
Proposal 2: Separate 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.
NB-IoT UEs should not be required to simultaneously monitor NPDCCH search space for one SC-MTCH and a search space for SC-MCCH, and also not be required to monitor two search space of two SC-MTCHs simultaneously. 
Proposal 3: NB-IoT UEs are not required to monitor more than one search space for SC-PTM in a subframe.
For on-going SC-MTCHs, NB-IoT should also allow the transmission of different SC-MTCH sessions over different PRBs. Furthermore, the coverage needs to be extended for NB-IoT multicast sessions. However, for different multicast sessions, there would be different required coverage depending on the application type of the NB-IoT devices. Furthermore, it is allowed in NB-IoT that different PRBs can have different power boosting. Hence, even for the same coverage target, the Rmax of the search space of different SC-MTCHs should be allowed to be different, considering the SC-MTCHs would be deployed on different PRBs. Hence, separate search spaces should be configurable for different on-going SC-MTCHs, which can be transmitted on different PRBs.
Proposal 4: Individual search space configurations are supported per SC-MTCH.
Detailed design of search space for NB-IoT multicast
Based on the above design principles, an example on the search space design for NB-IoT SC-PTM is illustrated in Figure 2. 
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Figure 2 an example of search space design for NB-IoT multicast
Regarding the detailed design of search space, only one candidate needs to be transmitted in one instance of search space for scheduling one SC-MTCH, like when scheduling paging message. However, the starting subframe of Type1 CSS is determined based on the UEID of the UE, and this makes the starting subframes of search spaces for different UEs spans evenly over time domain. Furthermore, paging transmissions in non-anchor PRBs are allowed in Rel-14. Hence, it is not appropriate to directly reuse Type1 CSS to schedule the SC-MTCH transmission. Hence, it is proposed to define new type search space for scheduling SC-MTCHs and re-use the operation of Type1 CSS, i.e.  for an NPDCCH candidate with number of repetitions Ri, UE needs to monitor a single candidate which starts at the beginning of the search space. The start subframe (search space offset), Rmax and G parameters of the search space for each SC-MTCH session should be configurable in SC-MCCH. For the convenience of discussion, we use the name of Type1 MSS (Type1 Multicast Search Space) to define this new search space type for scheduling SC-MTCH.
Proposal 5: A new search space type, Type1 MSS, is defined for NPDCCH scheduling SC-MTCH:
· One candidate is monitored for each number of repetitions in the search space, and the candidates all start at the start of the search space.
· The start subframe (search space offset), Rmax and G values for Type1 MSS are configurable in SC-MCCH per SC-MTCH.

Similarly, for scheduling SC-MCCH, new type of search space should be also defined and the principle of Type 1 CSS is preferred to be used again. Some further discussion including the support of multiple TB transmission of SC-MCCH is provided in our companion paper [4].
Proposal 6: A new search space type, Type2 MSS, is defined for scheduling SC-MCCH:
· In Type2 MSS, one candidate is monitored for each number of repetitions in the search space, and the candidates all start at the start of the search space.

Based on the above, once an NB-IoT UE starts to receive one interested on-going SC-MTCH session, it is assumed that the NB-IoT UE monitors the search space of the interested SC-MTCH session over the corresponding PRB, unless a change notification is indicated through the search space of SC-MTCH. The PRB of the SC-MTCH could be different from that of SC-MCCH, and the search space of SC-MCCH is assumed not to be monitored while the UE is receiving the ongoing SC-MTCH session.
Proposal 7: While receiving an SC-MTCH via a Type 1 MSS, an NB-IoT UE is not required to monitor SC-MCCH unless a change notification is indicated through the Type1 MSS.
When the UE receives the on-going SC-MTCH session, notification of change regarding the configuration of the SC-MTCH should be supported. In Rel-13 SC-PTM, DCI format 1C is extended to indicate the change of the configurations in SC-MCCH, by SC-N-RNTI and transmitted in the CSS. However, this cannot work well in NB-IoT SC-PTM. The SC-MCCH can be deployed on the PRB which is different from SC-MTCHs. If the separate DCI for notification of change is used, the DCI may need to transmitted in the search space of the SC-MCCH and all the on-going SC-MTCHs. This would introduce significant overhead, considering the notification of change needs cover the extreme coverage. Hence, a separate DCI cannot be directly used as change notification of SC-MTCH configurations in NB-IoT, and instead the same DCI needs to provide scheduling information for both the SC-MTCH and contain a configuration change notification. 
Proposal 8: The DCI format scheduling SC-MTCH can also indicate a notification of change of configuration of the SC-MTCH.
New maximum TB sizes will be introduced in Rel-14, and it would also apply to SC-MCCH and SC-MTCH. Hence, new DCI format needs to be defined for scheduling SC-MCCH and SC-MTCHs. The 1-bit NDI and 4bits HARQ-ACK resource field in DCI format N1 are not needed in SC-PTM. Hence, we can consider using these available bits for increasing TBS and the indication in proposal 8, and the same DCI size of DCI format N1 can be kept. Even if the DCI size of format N1 is not sufficient, according to our companion paper [5], a new DCI format in USS would be defined with slightly increased DCI size, and new DCI format can be used for NB-IoT SC-PTM.
[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.
Proposal 1: SC-PTM shall not increase the number of blind decoding attempts in a subframe compared to Rel-13 NB-IoT and shall not reduce the minimum gap between a UE’s search spaces of 4ms.
Proposal 2: Separate 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.
Proposal 3: NB-IoT UEs are not required to monitor more than one search space for SC-PTM in a subframe.
Proposal 4: Individual search space configurations are supported per SC-MTCH.
Proposal 5: A new search space type, Type1 MSS, is defined for NPDCCH scheduling SC-MTCH:
· One candidate is monitored for each number of repetitions in the search space, and the candidates all start at the start of the search space.
· The start subframe (search space offset), Rmax and G values for Type1 MSS are configurable in SC-MCCH per SC-MTCH.

Proposal 6: A new search space type, Type2 MSS, is defined for scheduling SC-MCCH:
· In Type2 MSS, one candidate is monitored for each number of repetitions in the search space, and the candidates all start at the start of the search space.

Proposal 7: While receiving an SC-MTCH via a Type 1 MSS, an NB-IoT UE is not required to monitor SC-MCCH unless a change notification is indicated through the Type1 MSS.
Proposal 8: The DCI format scheduling SC-MTCH can also indicate a notification of change of configuration of the SC-MTCH.
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