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Discussion and Decision
1 Introduction

In [1], work to extend multicast support to NB-IoT using SC-PTM was approved. In this contribution, we consider search space design for SC-MCCH and SC-MTCH transmissions.

2 Search Space
In RAN2#95, it was agreed that reception of multicast in RRC_CONNECTED mode is not required for NB-IoT and that legacy SC-MTCH mechanism in which the SC-MTCH is scheduled by PDCCH is reused. In our companion contributions [1]
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[2], we reaffirm RAN2’s agreements and make the following proposals with respect to SC-PTM scheduling –

· Both SC-MCCH and SC-MTCH are scheduled by NPDCCH. 

· Consider reusing DCI format N2 for scheduling of SC-MCCH and SC-MTCH.

Based on these proposals, it is clear that a common search space should be used for SC-MCCH and SC-MTCH scheduling. Currently, two types of common search spaces are defined in NB-IoT – Type-1 and Type-2, each with its own associated candidate monitoring set. Type-1 CSS is associated with paging while Type-2 CSS is associated with RAR/Msg3 retransmission/Msg4. Furthermore, Type-1 starting subframe is tied to the paging opportunity subframes, while Type-2 has a common starting location that is configured using parameters G and offset. For SC-PTM, the following points are considered with respect to the two search space types –
· Type-1: An advantage of using Type-1 is that UE can monitor paging and SC-MCCH/SC-MTCH simultaneously since DCI format N2 (or another format with equivalent number of bits) can be used for scheduling and the starting subframes are aligned with paging opportunity subframes. However, there are some issues with using Type-1 search space. First, in Rel-14, paging on non-anchor PRB(s) is supported and UEs are distributed among different paging PRBs based on their UE IDs. Thus, the search space for SC-PTM must be on the same PRB as the paging PRB. Otherwise there will be a conflict about which PRB the UE should monitor. Second, there is currently no cross-carrier scheduling supported in NB-IoT and no clear benefit to introduce this feature. Accordingly, the SC-MCCH and SC-MTCH NPDSCH transmissions will also have to be on the same carrier as paging. Third, paging opportunity subframes are distributed in time among different UE IDs. Consequently, it is possible that SC-PTM transmissions will have to be transmitted in all paging opportunities to reach all UEs. For these reasons, Type-1 search space design is not preferred for SC-PTM.
· Type-2: This search space can be configured using parameters G and offset which allows all UEs to monitor the same search space regardless of UE IDs. This can minimize overhead and does not suffer from the problems related to supporting multiple paging carriers as described above for Type-1 search space. However, this will require UEs to monitor one additional search space when in idle mode. Furthermore, there is also a possibility of overlap between this search space and paging, so a rule must be defined. However, this search space allows different parameters to be configured for each SC-MTCH as well as for the SC-MCCH, which is beneficial for supporting service differentiation.
Based on the discussion above, it is seen that Type-2 search space design is preferred for SC-PTM. This allows for a search space subframes that are common to all UEs receiving either SC-MCCH or a SC-MTCH session. 
Proposal 1: SC-MCCH and SC-MTCH search space is based on Type-2 CSS design. 
In addition, it is also natural that different configurations would apply for different services as well as for SC-MCCH versus SC-MTCH. For instance, different services may target different coverage levels. They also may have different periodicities and target latencies. Therefore, different configurations should be supported for the SC-MCCH as well as for each SC-MTCH session associated with a particular G-RNTI. These configurations can be provided in SIB20 for SC-MCCH, and in SCPTMConfiguration message for SC-MTCH sessions.
Note that it has been agreed in RAN2 that the SC-MCCH/SC-MTCH can be scheduled on anchor carrier and/or non-anchor carrier. This is of course beneficial for load balancing purpose. In addition, there is only one SC-MCCH in the cell. Therefore, SC-MCCH carrier indication can be done either in SIB20 while SC-MTCH carrier indication can be done in SCPTMConfiguration message.
Proposal 2: Different search space parameters (e.g. Rmax, G, offset) may be configured for the SC-MCCH and for each SC-MTCH.
In addition to the search space subframe itself, the candidate monitoring set can also follow either Type-1 or Type-2 set. In Type-1, UE monitors different decoding candidates starting only at the beginning of the search space. In Type-2, UE monitors different decoding candidates at the beginning of the search space as well as on every u×R consecutive subframes. Although the candidate monitoring is simpler for Type-1, there are less opportunities for the eNB to avoid collision with other transmissions. With Type-2 monitoring, the network has several opportunities to transmit the NPDCCH. In a way, Type-2 monitoring includes most candidates from Type-1 at the expense of additional decoding attempts. Although this increases power consumption, it is not expected to meaningfully affect battery life as SC-PTM transmissions occur infrequently. Thus, it is proposed that Type-2 NPDCCH candidate monitoring set is used for SC-PTM.
Proposal 3: Reuse Type-2 common search space candidate monitoring set for SC-MCCH/SC-MTCH.
Note that NB-IoT UE is not required to monitor more than one search space at a time. Since the proposed SC-PTM search space is based on Type-2 design, there may be an overlap between CSS for paging and SC-PTM. For NB-IoT, the typical use case is for mobile originating traffic which typically does not require the network to page the UE. Therefore, in case of overlap between CSS for paging and SC-PTM, it is proposed that UE will monitor CSS for SC-PTM.
Proposal 4: In case of overlap between CSS for paging and SC-PTM, UE will monitor CSS for SC-PTM.
Additionally, there are also possible overlap between SC-MCCH and SC-MTCH search spaces, and SC-MTCH and SC-MTCH search spaces for different sessions. In this case, UE will of course monitor only one search space and a priority rule must be defined. For overlap between SC-MCCH and SC-MTCH search spaces, it is preferred to prioritize SC-MCCH search space. For overlap between SC-MTCH and another SC-MTCH search spaces, it is FFS how to prioritize. 
Proposal 5: In case of overlap between CSS for SC-MCCH and SC-MTCH, UE will monitor CSS for SC-MCCH.
3 Conclusions

In this contribution, we consider SC-PTM search space and make the following proposals –

Proposal 1: SC-MCCH and SC-MTCH search space is based on Type-2 CSS design. 

Proposal 2: Different search space parameters (e.g. Rmax, G, offset) may be configured for the SC-MCCH and for each SC-MTCH.
Proposal 3: Reuse Type-2 common search space candidate monitoring set for SC-MCCH/SC-MTCH.
Proposal 4: In case of overlap between CSS for paging and SC-PTM, UE will monitor CSS for SC-PTM.
Proposal 5: In case of overlap between CSS for SC-MCCH and SC-MTCH, UE will monitor CSS for SC-MCCH.
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