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Introduction
In the Rel-14 work item (WI) on “Further enhanced MTC for LTE” [1] one of the WI objectives is the following:
· 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

A general discussion of SC-PTM can be found in [2]. In RAN1#86bis meeting, regarding Multicast, the followings are agreed:
· 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.
· 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 RAN2#95bis meeting, regarding Multicast, the followings are agreed:
· R2 expect that RAN1 specifies physical layer coverage enhancement methods e.g. repetitions, power boosting etc
· FFS if we have CE levels definition for SC-PTM
· UE need to know whether to attempt to receive a SC-PTM transmission or not, based on the UE radio conditions vs. the expected coverage of the SC-PTM transmission. FFS if the UE can do this based on knowing MCS and repetitions 
· Different multicast services may have different coverage enhancement levels, which should be configurable depending on the need for a particular coverage enhancement for that service.
· The number of L1-combinable repetitions for multicast service is decided together with MCS selection in the eNB.
· In Rel-14 we will not have a solution with feedback. 
· We don’t spend effort to introduce assistance from UE for SC-PTM CE level control in Rel-14
· SC-MCCH for FeMTC and NB-IoT is scheduled dynamically. 
· We assume we need to support large values for SC-MCCH modification period, repetition period. Exact values FFS
· RAN2 assumes that direct indication or similar mechanism (that provides information in DCI) can be used for SC-MCCH change notification. RNTI is FFS. 
· SIB20 indicate the carrier for SC-MCCH, and SC-MCCH indicate the carrier for MTCH. FFS if there can be multiple SC-MCCH
· FFS whether we enhance service continuity information
· FFS whether RAN-level start/stop time information is introduced.
· We will attempt to optimize start and stop conditions of DRX timers for SC-MTCH. Details FFS. 
· We consider to make the following agreement (working assumption for now):
· 	MT (paging) vs. SC-PTM: MT (Paging) has higher priority than SC-PTM
· 	MO (except signalling) vs SC-PTM: UE implementation
· 	MO signalling vs SC-PTM: MO signalling has priority. 
· We will make enhancements that are applicable to NB-IoT and / or FeMTC EC (where we currently do ranking). The exact solution is FFS.
· SC-PTM is supported only in IDLE also for FeMTC 
Based on the current progress of the multicast study, in this contribution we discussion some of remaining issuing from L1 perspective. 
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Search space design
In RAN2 it is agreed that 
· RAN2 assumes that direct indication or similar mechanism (that provides information in DCI) can be used for SC-MCCH change notification. RNTI is FFS. 
· SC-MCCH for FeMTC and NB-IoT is scheduled dynamically. 
· We consider to make the following agreement (working assumption for now):
· 	MT (paging) vs. SC-PTM: MT (Paging) has higher priority than SC-PTM
· 	MO (except signalling) vs SC-PTM: UE implementation
· 	MO signalling vs SC-PTM: MO signalling has priority. 
From the RAN2 agreement, we can see that SC-MCCH for FeMTC and NB-IoT is scheduled dynamically, as well as that direct indication is used for SC-MCCH change. From the current RAN2 agreement, we can assume paging takes priority than SC-PTM.  
In the RAN1#86bis discussion, it is agreed that the SC-PTM search space should be based on either Type1-CSS (which is used for paging and SI update indication in Rel-13) or Type2-CSS (which is used for random access in Rel-13). In [3], the pros and cons of the use of each search space were discussed, and it is recommended in [3] that Type2-CSS should be used for both SC-MCCH and SC-MTCH.  We share the same point of view. 
Type1-MPDCCH common search space has more restrictions and only support up to 4 blind decode candidates per search space. In contrast, Type2-MPDCCH common search space offers more scheduling flexibilities and more blind decode candidates per search space. From a resource unitization point of view, such flexibilities are very appreciated. 
In order to achieve the maximum scheduling flexibility, it is proposed that the SC-PTM search space should be based on Type2-MPDCCH common search space.  
Certainly, there are cases that the search space of SC-MCCH and SC-MTCH can overlap with each other. But since RAN2 agreed to use direct indication for SC-MCCH changes, if a UE is listening to a SC-MTCH transmission, it is not necessary for the UE to monitor the search space of SC-MCCH, unless it gets a SC-MCCH change notification. 
UEs that have ongoing SC-MTCH transmission are not required to monitor the search space of SC-MCCH unless it gets a SC-MCCH change notification. 
Furthermore, since some of the SC-PTM service in eMTC and FeMTC may target UEs in deep coverage, which may require lots of repetitions, it may be beneficial to inform the UE to ignore irrelevant SC-MCCH changes. To be more specific, if a UE has an ongoing SC-MTCH reception, and if the SC-MCCH change will not affect this ongoing SC-MTCH, then we can inform the UE, e.g., through the DCI that schedules the SC-MTCH, that the upcoming SC-MCCH change is not relevant to this SC-MTCH. In this case, if the UE has no interests of other potential SC-PTM services, it does not need to listen to the updated SC-MCCH changes.  
The DCI scheduling SC-MTCH can be used to indicate the relevance of the SC-MCCH change notifications. 
DCI design
The DCIs carried by MPDCCH are used to schedule the payload of SC-MCCH and SC-MTCH. The payload of the SC-MCCH and SC-MTCH are carried by PDSCH, and therefore we can use the similar DCI format that has already been defined, i.e., DCI format 6-1A and 6-1B, in Rel-13 eMTC for the scheduling of SC-MCCH. 
In Table 1, we list the fields and number of bits that are used for DCI format 6-1A and 6-1B in Rel-13 eMTC. The fields that are not relevant in the context of SC-PTM are greyed out. Hence, we can see that DCI format 6-1B can be used as the starting point of the DCI for SC-PTM. 
The DCI format used for SC-PTM can be based on DCI format 6-1B in Rel-13 eMTC. 
However, as discussed in [4], larger bandwidth and TBS are supported in Rel-14 FeMTC. At least the support of larger bandwidth and TBS are beneficial for SC-MTCH transmission [5]. Therefore, some of the fields in the DCI should be modified or extended, at least for SC-MTCH. Moreover, the maximum bandwidth and maximum TBS size of a particular SC-MTCH should be indicated in the SC-MCCH. This would facilitate for the UE to decide whether a multicast service is intended for its capability group. 
The maximum bandwidth and maximum TBS size of a particular SC-MTCH should be indicated in the SC-MCCH. 
Based on the above discussion, in the DCI for SC-PTM, at least the following fields should be included: 
· Frequency-hopping flag
· Resource assignment, including resource block and bandwidth indications
· Number of PDSCH repetitions
· MCS
· Number of MPDCCH repetitions
However, the sizes of these fields depend on the final DCI design for FeMTC UEs supporting larger bandwidth and TBS. We have discussed the DCI design and resource allocation for FeMTC in more details in [6]. 
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	Field
	6-1A
	6-1B

	Frequency-hopping flag
	1
	-

	Resource assignment
Resource-block indicator
Narrowband indicator
	
5
Varies
	
1 
Varies

	Number of PDSCH repetitions
	2
	3

	HARQ process number
	FDD:3
TDD:4 
	1

	MCS
	4
	4

	RV
	2
	-

	NDI
	1
	1

	PMI confirmation
	1
	-

	Precoding information
	1 or 2 depends on the number of antenna ports
	-

	DM-RS scrambling / antenna ports
	2
	-

	Downlink assignment index
	2
	-

	PUCCH power control
	2
	-

	SRS request
	0/1
	-

	Ack/Nack offset
	2
	2

	Number of MPDCCH repetitions
	2
	2

	Flag for 6-0/6-1 differentiation
	1
	1




Conclusion
Based on the discussion in Section 2 we have the following observations and proposals:
1. In order to achieve the maximum scheduling flexibility, it is proposed that the SC-PTM search space should be based on Type2-MPDCCH common search space. 
UEs that have ongoing SC-MTCH transmission are not required to monitor the search space of SC-MCCH unless it gets a SC-MCCH change notification. 
The DCI scheduling SC-MTCH can be used to indicate the relevance of the SC-MCCH change notifications. 
The DCI format used for SC-PTM can be based on DCI format 6-1B in Rel-13 eMTC. 
The maximum bandwidth and maximum TBS size of a particular SC-MTCH should be indicated in the SC-MCCH. 
Based on the above discussion, in the DCI for SC-PTM, at least the following fields should be included 
· Frequency-hopping flag
· Resource assignment, including resource block and bandwidth indications
· Number of PDSCH repetitions
· MCS
· Number of MPDCCH repetitions
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Appendix: ASN.1 reference
SystemInformationBlockType20
The IE SystemInformationBlockType20 contains the information required to acquire the control information associated transmission of MBMS using SC-PTM.
SystemInformationBlockType20 information element
-- ASN1START

SystemInformationBlockType20-r13 ::=	SEQUENCE {
	sc-mcch-RepetionPeriod-r13		ENUMERATED {rf2, rf4, rf8, rf16, rf32, rf64, rf128, rf256},
	sc-mcch-Offset-r13				INTEGER (0..10),
	sc-mcch-FirstSubframe-r13		INTEGER (0..9),
	sc-mcch-duration-r13 			INTEGER (2..9)	OPTIONAL,
	sc-mcch-ModificationPeriod-r13	ENUMERATED {rf2, rf4, rf8, rf16, rf32, rf64, rf128, rf256,
										 rf512, rf1024, r2048, rf4096, rf8192, rf16384, rf32768, 												 rf65536},
	lateNonCriticalExtension			OCTET STRING					OPTIONAL,
	...
}

-- ASN1STOP

	SystemInformationBlockType20 field descriptions

	sc-mcch-ModificationPeriod
Defines periodically appearing boundaries, i.e. radio frames for which SFN mod sc-mcch-ModificationPeriod = 0. The contents of different transmissions of SC-MCCH information can only be different if there is at least one such boundary in-between them. Value rf2 corresponds to 2 radio frames, value rf4 corresponds to 4 radio frames and so on.

	sc-mcch-duration
Indicates, starting from the subframe indicated by sc-mcch-FirstSubframe, the duration in subframes during which SC-MCCH may be scheduled in PDCCH sub-frames, see TS 36.321 [6]. Absence of this IE means that SC-MCCH is only scheduled in the subframe indicated by sc-mcch-FirstSubframe.

	sc-mcch-Offset
Indicates, together with the sc-mcch-RepetitionPeriod, the radio frames in which SC-MCCH is scheduled i.e. SC-MCCH is scheduled in radio frames for which: SFN mod sc-mcch-RepetitionPeriod = sc-mcch-Offset.

	sc-mcch-FirstSubframe
Indicates the first subframe in which SC-MCCH is scheduled

	sc-mcch-RepetitionPeriod
Defines the interval between transmissions of SC-MCCH information, in radio frames. Value rf2 corresponds to 2 radio frames, rf4 corresponds to 4 radio frames and so on.
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