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1 Introduction

The objective of the FeMTC WID on multicast is as follows [1]: 

Multicast [RAN2 lead, RAN1]

· Extend Rel-13 SC-PTM to support multicast downlink transmission (e.g. firmware or software updates, group message delivery)

· Introduction of necessary enhancements to support narrowband operation, e.g. support of MPDCCH, and coverage enhancement, e.g. repetitions

In this contribution, some considerations are given on the MPDCCH search space design for SC-PTM transmission in FeMTC.

2 MPDCCH search space design for SC-PTM transmission
2.1 Control-based scheduling
The following were agreed in RAN2#95 meeting [2],

· The Rel-13 SC-PTM architecture is assumed for multi-cast design for NB-IoT and MTC.

· RAN2 assumes that the legacy SC-MTCH mechanism in which the SC-MTCH is scheduled by PDCCH is reused for multi-cast in NB-IoT and MTC to achieve flexible scheduling.

· RAN2 assumes that repetition for SC-MTCH transmission will be introduced for multi-cast in NB-IoT and MTC.

Hence SC-MTCH should always be scheduled by MPDCCH in FeMTC. Furthermore, for MTC UEs in bad coverage, similarly to the non-SC-PTM case, both MPDCCH and the corresponding PDSCH (used to carry SC-MTCH) need some repetitions.
For SC-MCCH, it may be considered to simplify the procedure by e.g. putting the scheduling information in SIB20. However, the disadvantage is that any change of SC-MCCH content or scheduling will trigger a system information update, resulting in all UEs in the cell (whether interested or not interested in SC-PTM reception) re-acquiring the system information. It is thus desirable to maintain the legacy way of control-based SC-MCCH scheduling, which also provides the flexibility of dynamically changing the TBS of the SC-MCCH and can accommodate any future extension of the signaling information contained in SC-MCCH.

Since the scheduling opportunities for SC-MCCH and SC-MTCH are separately configured, with different periodicities, two separate common search spaces are necessary respectively for SC-MCCH and SC-MTCH. Furthermore, as proposed in our paper [2], it is preferable to use a single DCI (with a single RNTI) in the same search space to indicate both SC-MCCH information and SC-MCCH change notification.
Proposal 1: Define two new MPDCCH common search spaces for BL/CE UEs in order to support SC-PTM transmission,

-  Type1-MSS, for acquisition of SC-MTCH.
-  Type2-MSS, for acquisition of SC-MCCH information and its change notification.
2.2 SC-PTM reception in connected mode
The following were agreed in RAN2#95 meeting [2],

· Reception of multi-cast in RRC_IDLE mode is required by both NB-IoT and MTC.

· Reception of multi-cast in RRC_CONNECTED mode is not required for NB-IoT and FFS for MTC. 
If SC-PTM reception is not allowed for UEs in RRC_CONNECTED mode, the network would have to do the following in a cell before delivering software update:
· Option 1: stop allowing UEs to enter RRC_CONNECTED mode and wait until all ongoing RRC connections are released, or
· Option 2: stop allowing UEs to enter RRC_CONNECTED mode and tear down all ongoing RRC connections.

Neither of the above is desirable depending on the contents of the SC-PTM transmission. Option 1 may be over time consuming if the SC-PTM transmission contains e.g. a critical security patch, and Option 2 may result in many simultaneous random access requests after the SC-PTM transmission. In fact, considering that there may always be some UEs not receiving some parts of the software update even after several rounds of SC-PTM transmission of the same update file, the UE may need to establish a RRC connection and request a unicast retransmission of the missing pieces. Hence no benefit is seen in releasing an ongoing RRC connection just for SC-PTM reception. The network should instead have the option of prioritizing the SC-PTM transmission over any ongoing unicast transmission, or vice versa, depending on the urgency of the SC-PTM transmission.
Proposal 2: A BL/CE UE shall monitor Type1-MSS and Type2-MSS in both RRC-IDLE and RRC_CONNECTED mode.
-  A BL/CE UE in RRC_IDLE mode is not required to monitor any Type1-MSS or Type2-MSS colliding with any other SS, unless explicitly indicated by the network.
-  A BL/CE UE in RRC_CONNECTED mode is not required to monitor any Type1-MSS or Type2-MSS colliding with the USS, unless explicitly indicated by the network.
Potential impacts on the ability of CN to page the UE in idle mode in this case will need to be considered with higher layers and SA2 before a final decision can be reached in the physical layer.
2.3 Search space configuration
SC-PTM transmissions are very similar to paging in terms of supporting reception from a large number of UEs which may be in different coverage levels. Therefore, the basic design of Type1-CSS can be reused except the starting subframes which depend on paging occasions for Type1-CSS and on SC-PTM specific configurations for Type1-MSS/Type2-MSS.
Proposal 3: The mapping of blind decoding candidates for MPDCCH to {Aggregation level, Number of repetitions, Number of blind detections, number of PRBs} for Type1-CSS is reused for Type1-MSS and Type2-MSS.
The starting subframes for MPDCCH candidates for Type2-MSS are determined by the higher layer configuration for SC-MCCH scheduling opportunities carried over SIB20, see Figure 1.
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Figure 1: SC-MCCH scheduling opportunities
Proposal 4: The starting subframes for MPDCCH candidates for Type2-MSS are determined by the higher layer configuration for SC-MCCH scheduling opportunities carried over SIB20.
Similarly, the starting subframes for MPDCCH candidates for Type1-MSS are determined by the higher layer configuration for SC-MTCH scheduling opportunities carried over SC-MCCH, see Figure 2.
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Figure 2: SC-MTCH scheduling opportunities
Proposal 5: The starting subframes for MPDCCH candidates for Type1-MSS are determined by the higher layer configuration for SC-MTCH scheduling opportunities carried over SC-MCCH.
3 Conclusion
In this contribution, we give our preliminary considerations on the MPDCCH search space design for SC-PTM transmission in FeMTC, through the following proposals:

Proposal 1: Define two new MPDCCH common search spaces for BL/CE UEs in order to support SC-PTM transmission,

-  Type1-MSS, for acquisition of SC-MTCH.
-  Type2-MSS, for acquisition of SC-MCCH information and its change notification.
Proposal 2: A BL/CE UE shall monitor Type1-MSS and Type2-MSS in both RRC-IDLE and RRC_CONNECTED mode.
-  A BL/CE UE in RRC_IDLE mode is not required to monitor any Type1-MSS or Type2-MSS colliding with any other SS, unless explicitly indicated by the network.
-  A BL/CE UE in RRC_CONNECTED mode is not required to monitor any Type1-MSS or Type2-MSS colliding with the USS, unless explicitly indicated by the network.
Proposal 3: The mapping of blind decoding candidates for MPDCCH to {Aggregation level, Number of repetitions, Number of blind detections, number of PRBs} for Type1-CSS is reused for Type1-MSS and Type2-MSS.
Proposal 4: The starting subframes for MPDCCH candidates for Type2-MSS are determined by the higher layer configuration for SC-MCCH scheduling opportunities carried over SIB20.
Proposal 5: The starting subframes for MPDCCH candidates for Type1-MSS are determined by the higher layer configuration for SC-MTCH scheduling opportunities carried over SC-MCCH.
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