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1 Introduction
In RAN #72 meeting, new WI proposal on Further Enhanced MTC was agreed [1]. One objection of this WI is support of multicast.
· 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 RAN2 #95 meeting, the following agreements were made [2] for multicast for MTC.
· Reception of multi-cast in RRC_IDLE mode is required by MTC. 

· Reception of multi-cast in RRC_CONNECTED mode is FFS for MTC. 

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

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

· To use SIB20 (or a somewhat modified variant) for SC-MCCH configuration 

· SC-MCCH and SC-MTCH can maybe be scheduled on different narrowband for MTC. Need to consider e.g. MCCH modification and e.g. frequency hopping for MTC. 
In this contribution, we discuss the potential solutions to support multicast for MTC UEs.
2 Considerations on multicast support for MTC
For Rel-13 SC-PTM, SC-MCCH and SC-MTCH are mapped to DL-SCH. The SC-MCCH information (i.e. information transmitted in messages sent over SC-MCCH) is transmitted periodically, using a configurable repetition period. SC-MCCH transmissions (and the associated radio resources and MCS) are indicated on PDCCH.  SC-MTCH is transmitted periodically with SC-MTCH scheduling cycle. SC-MCCH change notification is directly indicated by PDCCH scrambling with SC-N-RNTI. The transmission period of SC-MCCH  is configured by system information and the scheduling cycle of SC-MTCH is configured by SC-MCCH. 
To support multicast for MTC, current Rel-13 SC-PTM scheme can be reused. However, some necessary enhancements are needed to support narrowband and coverage enhancement feature, e.g.,  MPDCCH enhancement to support multicast. In addition, based on the agreements in RAN2 #95 meeting, some open issues for multicast should also be discussed in RAN1.
2.1 Whether to support multicast in RRC_CONNECTED mode?

The multicast service, for example, software update should be addressed to all the MTC UEs in both Idle mode and RRC_CONNECTED mode. The time duration of RRC_CONNECTED mode for the MTC UEs may be much longer than that of NB-IoT and eNB would not interrupt multicast transmission for the UEs in RRC-CONNETED mode. If reception of multicast for MTC UEs in RRC-CONNECTED mode is not supported, delay of multicast reception would be increased since the MTC UEs in RRC-CONNECTED mode may miss the multicast reception unavoidably. Compared with NB-IoT, bandwidth of MTC UEs is larger than that of NB-IoT UEs, for the same type of multicast service, it will be much easier to avoid collision of unicast and multicast for UEs in RRC-CONNECTED mode.
Proposal 1: Support of multicast reception for MTC UEs in RRC_CONNECTED mode  is feasible.

2.2 Control vs. control-less scheduling of SC-MCCH
Control-less transmission of SC-MCCH can be considered for multicast in MTC. For control-less SC-MCCH, scheduling information of SC-MCCH can be indicated by SIB20. However, if scheduling information of SC-MCCH is changed, the system information would be updated and all UEs in the cell should acquire the updated system information. It is unbeneficial for the power saving of the UEs. Furthermore, if control-less scheduling of SC-MCCH is used, SC-MCCH change notification needs to be indicated independently and considering much larger size of TB than DCI size, much higher blind detection complexity would be expected.
Alternatively, the legacy SC-MCCH mechanism in which the SC-MCCH is scheduled by PDCCH can be reused for multicast in MTC to achieve flexible scheduling.

Proposal 2: Transmission of SC-MCCH scheduled by MPDCCH is used for multicast in MTC.
2.3 MPDCCH enhancement to support multicast

When SC-MCCH and SC-MTCH transmission is scheduled by MPDCCH, two CSSs for SC-MCCH and SC-MTCH scheduling should be defined and configured. For two CSSs for SC-MCCH and SC-MTCH scheduling, existing configuration method of CSS for paging in Rel-13 eMTC can be reused. The starting subframe of two CSSs for SC-MCCH and SC-MTCH scheduling is determined by the high layer configuration. 
Similar to paging, SC-PTM multicast is sent to multiple UEs which may in different coverage enhancement levels. To support SC-PTM multicast, it is preferable that UE monitors the same candidate sets of {aggregation level, number of repetition, number of blind decodes} as CSS for paging.
	Rmax
	{aggregation level, number of repetition, number of blind decodes}

	1
	{24, 1, 1}

	2
	{24, 1, 1}, {24, 2, 1}

	4
	{24, 1, 1}, {24, 2, 1}, {24, 4, 1}

	8
	{24, 1, 1}, {24, 2, 1}, {24, 4, 1}, {24, 8, 1}

	16
	{24, 1, 1}, {24, 4, 1}, {24, 8, 1}, {24, 16, 1}

	32
	{24, 1, 1}, {24, 4, 1}, {24, 16, 1}, {24, 32, 1}

	64
	{24, 2, 1}, {24, 8, 1}, {24, 32, 1}, {24, 64, 1}

	128
	{24, 2, 1}, {24, 16, 1}, {24, 64, 1}, {24, 128, 1}

	256
	{24, 2, 1}, {24, 16, 1}, {24, 64, 1}, {24, 256, 1}


Proposal 3: Two new CSSs are defined for SC-MCCH and SC-MTCH for MTC:

· Existing configuration method of CSS for paging in Rel-13 eMTC can be reused.

· The same candidate sets as CSS for paging in Rel-13 eMTC are monitored.
· The starting subframe is determined by the high layer configuration. 
Most fields (including resource allocation, MCS, repetition number and DCI repetition number) of DCI format 6-2 for paging in Rel-13 eMTC can be reused for SC-MCCH and SC-MTCH scheduling. ‘New Data Indicator’ field can be added if HARQ retransmission is supported for SC-MTCH. In addition, higher layer control information (e.g., Service ID, scheduling period, etc) for SC-MTCH also can be added if necessary. 
SC-MCCH change notification only includes 1 bit, so the introduction of a new DCI or CSS for SC-MCCH change notification would be inefficient. The DCI format for SC-MCCH scheduling can be used to indicate SC-MCCH change notification, i.e., single DCI format is used for SC-MCCH scheduling and SC-MCCH change notification.

Proposal 4: Most fields of DCI format 6-2 for paging are reused for SC-MCCH and SC-MTCH scheduling.
Proposal 5: The DCI format for SC-MCCH scheduling is used to indicate SC-MCCH change notification.
2.4 Configuration of valid subframes for multicast

For MTC UEs in CE mode A and CE Mode B, repetitions of unicast transmission and multicast transmission are required to meet the coverage target. In order to avoid the collision between unicast transmission and multicast transmission, valid subframes for multicast transmission can be configured by SIB20, which is similar to configuration of LTE MBSFN. Repetitions of multicast transmission can only be mapped to valid subframes for multicast. From the perspective of backward compatibility, to avoid causing scheduling limitation to Rel-13 eMTC UEs, during the multicast transmission period, the DL subframe which is not Rel-13 valid DL subframe for eMTC be configured as valid subframe for multicast is preferable. For example, if configured Rel-13 valid DL subframe bitmap is {110011001}, subframe #2/#3/#7/#8 may be configured as valid subframe for multicast. 

Proposal 6: In order to avoid the collision between unicast transmission and multicast transmission, configuration of valid subframes for multicast is beneficial.
2.5 Reliability of multicast
One of the main motivation of supporting multicast for MTC is firmware/software upgrading and group message delivery which requires high reliability. Multiple transmissions for SC-MTCH can be considered to improve the reliability. However, it would cause larger overhead and power consumption. Unnecessary transmissions can be avoided if feedback for multicast is supported. Furthermore, in order to reduce resource occupancy and power consumption of feedback, all the MTC UEs can utilize the same resource for the feedback of a SC-MTCH transmission. Relatively larger periodicity for SC-MTCH feedback can be considered.
Proposal 7: Multiple transmissions for SC-MTCH can be considered to improve the reliability. 

Proposal 8: To improve the transmission reliability of multicast more efficiently, feedback of SC-MTCH for MTC needs to be supported.
2.6 Frequency hopping for multicast transmission
Frequency hopping is supported for almost all channels in Rel-13 eMTC. For multicast related channels with repetitions (including MPDCCH for multicast), frequency hopping should also be supported in order to improve the performance. Configuration of frequency hopping for multicast related channels can reuse the method for paging in Rel-13 eMTC which is configured in a cell-specific manner. For example, hopping granularity and frequency hopping pattern for MPDCCH for paging in Rel-13 eMTC can be reused for MPDCCH for multicast.

Proposal 9: Frequency hopping for multicast is configured in a cell-specific manner.
2.7 SPS for multicast

From the perspective of overhead reduction and power saving, SPS scheduling may be considered for multicast. If SPS scheduling is supported for multicast, existing SPS solutions in Rel-13 eMTC can be reused. An MTC UE can simultaneously monitor SPS and dynamic scheduling at the search space for SPS. Once the UE successfully decodes either SPS or dynamic scheduling, it will stop the monitoring in the same search space. 
Proposal 10: Existing SPS solutions in Rel-13 eMTC can be reused for multicast.
2.8 Simultaneous reception

For the UE in IDLE mode, to reduce the collision between CSS for multicast and CSS for paging, eNB should try to avoid the overlapping of the configured CSS for multicast and CSS for paging. If CSS for multicast and CSS for paging collides, the UE will monitor CSS for multicast, i.e., multicast has higher priority compared with paging. In this case, considering that eNB knows the UE is receiving multicast, paging transmission can be postponed by eNB.
If a UE in IDLE mode is paged during reception of multicast, a random access procedure would be initiated. For a UE receiving multicast, whether to initiate a random access procedure for unicast BSR  depends on the UE implementation. If a random access procedure has been initiated, the random access procedure has higher priority compared with multicast.
In addition, simultaneous monitoring of two different types of search space in different narrowbands can be allowed for Rel-14 MTC UEs with larger bandwidth and higher complexity. For example, for the UE with larger RF channel bandwidth, the UE can simultaneously monitor CSS for multicast and CSS for paging in different narrowbands in RRC_IDLE mode.
Proposal 11:  If CSS for multicast and CSS for paging collides, the UE will monitor CSS for multicast.
Proposal 12: If a random access procedure has been initiated, the random access procedure has higher priority compared with multicast.
Proposal 13: Simultaneous monitoring of two different types of search space in different narrowbands can be allowed for Rel-14 MTC UEs with larger bandwidth.
3 Conclusions

In this contribution, we have discussed the solutions to support multicast for MTC. We make the following proposals:
Proposal 1: Support of multicast reception for MTC UEs in RRC_CONNECTED mode  is feasible.
Proposal 2: Transmission of SC-MCCH scheduled by MPDCCH is used for multicast in MTC.
Proposal 3: Two new CSSs are defined for SC-MCCH and SC-MTCH for MTC:

· Existing configuration method of CSS for paging in Rel-13 eMTC can be reused.

· The same candidate sets as CSS for paging in Rel-13 eMTC are monitored.
· The starting subframe is determined by the high layer configuration.
Proposal 4: Most fields of DCI format 6-2 for paging are reused for SC-MCCH and SC-MTCH scheduling.
Proposal 5: The DCI format for SC-MCCH scheduling is used to indicate SC-MCCH change notification.
Proposal 6: In order to avoid the collision between unicast transmission and multicast transmission, configuration of valid subframes for multicast is beneficial.
Proposal 7: Multiple transmissions for SC-MTCH can be considered to improve the reliability. 

Proposal 8: To improve the transmission reliability of multicast more efficiently, feedback of SC-MTCH for MTC needs to be supported.
Proposal 9: Frequency hopping for multicast is configured in a cell-specific manner.
Proposal 10: Existing SPS solutions in Rel-13 eMTC can be reused for multicast.
Proposal 11:  If CSS for multicast and CSS for paging collides, the UE will monitor CSS for multicast.

Proposal 12: If a random access procedure has been initiated, the random access procedure has higher priority compared with multicast.

Proposal 13: Simultaneous monitoring of two different types of search space in different narrowbands can be allowed for Rel-14 MTC UEs with larger bandwidth.
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