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1 Introduction
In RAN2 #86bis meeting, the following agreements were made [1] for multicast for FeMTC.

· Max channel bandwidth and max TBS for SC-MTCH PDSCH transmission to BL/CE UEs:

· Option 1: According to Rel-13 Cat-M1 limitations (i.e. 6 PRBs and 1000 bits)

· Option 2: Configurable per SC-MTCH (with minimum maximum values of 6 PRBs and 1000 bits)

· Max channel bandwidth and max TBS for SC-MCCH PDSCH transmission to BL/CE UEs:
· Option A: According to Rel-13 Cat-M1 limitations (i.e. 6 PRBs and 1000 bits)

· Option B: Configurable per SC-MCCH (with minimum maximum values of 6 PRBs and 1000 bits)

· From physical layer point of view,
· All four options are feasible.

· Option 2 may have performance benefits over Option 1.

· Ask RAN2 to confirm feasibility and usefulness from higher layer point of view.
· The maximum number of on-going SC-MTCHs supported by SC-MCCH is reduced compared to LTE. 

· Send LS to RAN2 to

· Inform RAN2 that RAN1 assumes the maximum number of on-going SC-MTCHs supported by SC-MCCH is reduced compared to LTE

· Request RAN2 to inform RAN1 of the maximum number of on-going SC-MTCHs supported by SC-MCCH in FeMTC.

· Request RAN2 to inform RAN1 whether and how segmentation of SC-MCCH will be supported in Rel-14.

· For the search space scheduling SC-MCCH

· UE monitoring of blind decoding candidates is based on FFS: Type1-CSS or Type2-CSS for MPDCCH

· Rmax, and G values are configured per SC-MCCH by higher layers

· FFS the configuration of other parameters, e.g., narrowband. 
· Frequency hopping is supported in multicast to BL/CE UEs at least for max PDSCH channel bandwidth of 6 PRBs.

· FFS whether the frequency hopping is controlled by the same SIB parameters as other DL transmissions or by separate SIB parameters and/or DCI

In this contribution, we discuss the remaining issues on supporting multicast for MTC UEs.
2 Considerations on multicast support for MTC
2.1 Remaining details on search space
CSS for SC-MCCH scheduling and CSS for SC-MTCH scheduling should be defined and configured. For the search space scheduling SC-MTCH, Rmax and G values are configured per SC-MTCH in SC-MCCH.
For CSS for SC-MCCH scheduling and CSS for SC-MTCH scheduling, UE monitoring of blind decoding candidates is based on Type1-CSS for MPDCCH. Similar to paging, SC-PTM multicast is sent to multiple UEs which may be 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 1: For the search space scheduling SC-MTCH, Rmax, and G values are configured per SC-MTCH in SC-MCCH.
Proposal 2: For the search space scheduling SC-MCCH/SC-MTCH, the same candidate sets as CSS for paging in Rel-13 eMTC are monitored.
2.2 DCI format design
From the point of physical layer, at least fields such as ‘Resource block assignment’, ‘Modulation and coding scheme’, ‘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. When multiple transmissions are supported for SC-MTCH, the ‘Tag’ field used to identify multiple transmissions can be added if necessary.. In addition, other higher layer control information (e.g., Service ID, scheduling period, etc) for SC-MTCH cannot be precluded. For channel bandwidth larger than 6 PRBs, the resource allocation method adopted by Rel-14 larger maximum PDSCH channel bandwidth can be reused.
Table 1 The content of DCI for SC-MCCH/SC-MTCH scheduling
	Field
	Size

	Resource block assignment
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	Modulation and coding scheme
	4

	Repetition number
	3

	DCI subframe repetition number
	2


Proposal 3: At least fields such as ‘Resource block assignment’, ‘Modulation and coding scheme’, ‘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.
2.3 SC-MCCH change notification

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: 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, it is preferable to configure Rel-13 invalid DL eMTC subframe as valid subframe for multicast. For example, for FDD, if the configured bitmap for Rel-13 valid DL eMTC subframes is {110011001}, subframe #2/#3/#7/#8 can be configured as valid subframe for multicast. 

Proposal 5: 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 of each SC-MTCH can be considered to improve the reliability. 
As discussed in [2], to improve SC-MTCH transmission reliability, a TB (Transport Block) or a group of TBs can be scheduled multiple times within a period of time interval which is called multiple-transmission period (MTP). As exampled in Figure 1, a group of TBs is scheduled 3 times with TB level interleaving within a MTP, which brings benefits for UE power saving, i.e., UE in good coverage wakes up fewer times; and MTP-level repetition is also configured to further achieve time diversity gain and provide more opportunities to receive a TB for UE that missed a MTP/transmission of a TB, e.g., due to receiving paging.
Based on the definition of MTP, if an MTC UE has successfully decoded a TB or a group of TBs, the UE can omit the blind decoding of MPDCCH in the corresponding MTP(s). It is beneficial for the UE power saving.
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Figure 1 Multiple transmissions of a group of TBs within MTP
Observation 1: If multiple transmissions for SC-MTCH are supported, definition of MTP for a TB or a group of TBs is beneficial for UE power saving.
Proposal 6: Multiple transmissions for SC-MTCH can be considered to improve the reliability. 
2.6 Configuration of frequency hopping for multicast 
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. The frequency hopping is controlled by the same SIB parameters as paging transmissions.
Proposal 7: Frequency hopping for multicast is configured by the same SIB parameters as paging transmissions.
3 Conclusions

In this contribution, we have discussed the remaining issues on supporting of multicast for MTC. We make the following observations and proposals:
Observation 1: If multiple transmissions for SC-MTCH are supported, definition of MTP for a TB or a group of TBs is beneficial for UE power saving.
Proposal 1: For the search space scheduling SC-MTCH, Rmax, and G values are configured per SC-MTCH by higher layers

Proposal 2: For the search space scheduling SC-MCCH/SC-MTCH, the same candidate sets as CSS for paging in Rel-13 eMTC are monitored.

Proposal 3: At least fields such as ‘Resource block assignment’, ‘Modulation and coding scheme’, ‘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.
Proposal 4: The DCI format for SC-MCCH scheduling is used to indicate SC-MCCH change notification.

Proposal 5: In order to avoid the collision between unicast transmission and multicast transmission, configuration of valid subframes for multicast is beneficial.

Proposal 6: Multiple transmissions for SC-MTCH can be considered to improve the reliability. 
Proposal 7: Frequency hopping for multicast is configured by the same SIB parameters as paging transmissions.
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