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1 Introduction
In this contribution, we discuss SC-MCCH message segmentation and scheduling for both NB-IoT and FeMTC based on the LS from RNA1 [1].  And we also discuss the issues about SC-MCCH configuration for FeMTC.

RAN1 LS is sent to RAN2 to ask [1]:
1. To inform RAN1 of the maximum number of on-going SC-MTCHs supported by SC-MCCH in NB-IoT and in feMTC

2. To inform RAN1 whether and how segmentation of SC-MCCH will be supported in Rel-14 for NB-IoT and for feMTC.

3. To confirm the feasibility and usefulness from higher layer point of view of the above described options for feMTC regarding maximum channel bandwidth and maximum TBS
2 Discussions
2.1 SC-MCCH segmentation and scheduling
Issue 1. The maximum number of on-going SC-MTCHs supported by SC-MCCH

In legacy LTE, the maximum number of SC-MTCHs supported by SC-MCCH is 1024. It seems too many for NB-IoT and eMTC considering the limited bandwidth. 
Proposal 1: The maximum number of on-going SC-MTCHs supported by a SC-MCCH message can be one of the following values: 32, 64 or 128.
Issue 2. Whether SC-MCCH message exceeds largest TBS value and segmentation is needed?
Following table 1 list the information elements of legacy SC-MCCH message. From the table, about 92 bits are needed for indicating a SC-MTCH. It’s reasonable for NB-IoT and FeMTC that this size should be extended due to carrier indication requirement and extended scheduling period. We can assume about 100 bits for each SC-MTCH information item in NB-IoT and FeMTC.
For scptm-NeighborCellList, one entry requires about 27 bits and maximum entry number is 8. Thus the max total bits are about 216 bits.

According to latest RAN1 agreement, the maximum TBS for R14 NB-IoT will be 1352 bits, and ranging from 1000 to 4008 bits for R14 FeMTC [1]. For example, a 1000bits TBS can only support a SC-MCCH message indicating at most 10 SC-MTCH. This number is not big enough. In other words, SC-MCCH message segmentation is necessary.
Table 1: IE of SC-MCCH message of legacy LTE
	Field
	size
	Max entry

	sc-mtch-InfoList-r13
	
	

	>SC-MTCH-Info-r13
	= 92bits
	maxSC-MTCH-r13=1024

	>>mbmsSessionInfo-r13
	
	

	>>> TMGI
	
	

	>>>>plmn-id-r9
	24
	

	>>>>service-ID
	24
	

	>>>Session ID
	8
	

	>>g-RNTI-r13
	16
	

	>>sc-mtch-schedulingInfo-r13
	
	

	>>> onDurationTimerSCPTM-r13
	4
	

	>>> drx-InactivityTimerSCPTM-r13
	4
	

	>>> schedulingPeriodStartOffsetSCPTM-r13
	4
	

	>>sc-mtch-neighbourCell-r13
	8
	

	
	
	

	scptm-NeighbourCellList-r13
	
	

	> PCI-ARFCN-r13
	=27bits
	Max entries = 8

	>> PhysCellId,
	9
	

	>> carrierFreq-r13
	18
	


Proposal 2: SC-MCCH message segmentation should be supported for NB-IoT and FeMTC.
Issue 3. How SC-MCCH message is segmented?
It's agreed UM mode is used for SC-PTM, both SC-MCCH and SC-MTCH. Segmentation/concatenation in transmitting RLC UM entity and reassembling functions are supported in current RLC specification.
It's natural to segment the SC-MCCH message by RLC UM segmentation functionality. In this way, one SC-MCCH message could be segmented into a number of RLC UM PDUs. Each RLC UM PDU will be mapped into one DL-SCH MAC PDU and then a transport block mapped into PDSCH.

Proposal 3: Segmentation/concatenation of RLC UM mode is used for SC-MCCH message segmentation.
Issue 4. How SC-MCCH message is transmitted?
If proposal 1 and proposal 2 are agreed, the optimized SC-MCCH message transmission scheme should be further discussed.
In legacy LTE, the SC-MCCH message is scheduled within a time interval called sc-mcch-duration of the SC-MCCH repetition period. UE monitors PDCCH in this time period for SC-RNTI. Figure 1 shows how SC-MCCH message is scheduled with legacy scheme. A SC-MCCH message is segmented into four TBs. Each TB is scheduled independently within the sc-mcch-duration.


[image: image1.emf]SC-MCCH repetition period

Sc-mcch-duration

1

Schedule of SC-MCCH

2 3 4


Figure 1: SC-MCCH scheduling in legacy LTE

This scheme can be optimized in PDCCH monitoring for UE power saving when SC-MCCH message could be segmented into multiple TBs.

Option 1: A transmission scheme similar to that for SC-MTCH DRX

In this option, a transmission scheme similar to that for SC-MTCH DRX is introduced for SC-MCCH scheduling. A sc-mcch-duration timer and a new inactivity timer are configured. The start/stop condition of these 2 timers can be the same as corresponding timers for SC-MTCH DRX. 

In this way, UE monitors PDCCH according to the start/stop of inactivity timer and sc-mcch-duration timer i.e. only when sc-mcch-duration timer or inactivity timer are running. 
Further, this option is adaptive to the change of SC-MCCH message size and corresponding segmentation. When the segmentation number changes, there is no need to change the sc-mcch-duration in SIB20 or other related configuration to avoid unnecessary SI update procedure.
An example of this option is as Figure 2.
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Figure 2: illustration of option 1
Option 2: One DCI schedules all SC-MCCH message segmentations
In this option, one DCI indicates the scheduling information of all SC-MCCH segmentations. The segmentation/TB number and interval between adjacent segmentation transmission are indicated in SIB20 or DCI for schedule this SC-MCCH message.

In such way, UE power is saved because of fewer PDCCH reception number. 
An example of this option is as Figure 3.
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Figure 3: illustration of group scheduling for SC-MCCH segmentations
Option 3: TB level interleaving for SC-MCCH segmentations transmission

TB level interleaving is such a transmission scheme that subframes containing different TBs are interleaved. In following Figure 4, four subframes containing TB 1/2/3/4 are repeated for several times within a schedule/transmission. Contribution [3] pointed out that this kind of transmission scheme can provide benefits for UE power saving. UE in good coverage needs to wake up fewer times due to this interleaving transmission scheme.

To apply TB level interleaving for SC-MCCH segmentations transmission, the TB numbers to be interleaved should be indicated to UE by signaling, either the SIB20 or DCI for scheduling SC-MCCH message can be used. The TB number information is used by UE to distinguish which subframes contain the same TB.
It should be noticed that option 3 can work together with option 1 and 2, if SC-MCCH message needs to be transmitted multiple times within a SC-MCCH repetition period.
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Figure 4: illustration of TB level interleaving for SC-MCCH segmentations
Proposal 4: To discuss the above options and make a choice as SC-MCCH transmission scheme.
2.2 Configurable TBS for SC-MCCH and SC-MTCH in FeMTC

Another issue asked by RAN1 is “To confirm the feasibility and usefulness from higher layer point of view of the above described options for feMTC regarding maximum channel bandwidth and maximum TBS”.
According to [1]: 

For feMTC, RAN1 have reached the following agreements:

· 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.
For FeMTC, if UE has the capability to receive more than 6 PRB, larger TBS is certainly better for cell resource efficiency and UE power consumption. Especially for UE power saving, the larger TBS mean less SC-MCCH message segmentations and less UE wakeup times.

The main problem is how eNB gets aware of the suitable TBS/PRBs to be configured for a SC-MTCH. 
We can assume CN know the capability of UEs which is interested in one MBMS service. With MBMS Session Start Request message, the CN can indicate eNB the proper PRB number/max TBS to be used.
The PRB number/max TBS to be used for SC-MCCH could be the smallest PRB number of all on-going MBMS services.
Proposal 5: To inform RAN1, option 2 and option A listed in the LS are feasible and useful for cell resources efficiency/UE power consumption.

Proposal 6: To indicate the PRB number/TBS used for SC-MCCH in SIB20, and PTB number/TBS used for SC-MTCH in SC-MCCH message.
3 Conclusion and proposals

Based on the analysis, we have the following observations and proposals:
Proposal 1: The maximum number of on-going SC-MTCHs supported by a SC-MCCH message can be one of the following values: 32, 64 or 128.

Proposal 2: SC-MCCH message segmentation should be supported for NB-IoT and FeMTC.
Proposal 3: Segmentation/concatenation of RLC UM mode is used for SC-MCCH message segmentation.
Proposal 4: To discuss the above options and make a choice as SC-MCCH transmission scheme.
Option 1: A transmission scheme similar to that for SC-MTCH DRX
Option 2: One DCI schedules all SC-MCCH message segmentations
Option 3: TB level interleaving for SC-MCCH segmentations transmission
Proposal 5: To inform RAN1, option 2 and option A listed in the LS are feasible and useful for cell resources efficiency/UE power consumption.

Proposal 6: To indicate the PRB number/TBS used for SC-MCCH in SIB20, and PTB number/TBS used for SC-MTCH in SC-MCCH message.
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