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1. Introduction
RAN2#95 and RAN2#95bis discussed the service continuity of SC-PTM, and RAN2 agreed to support the functionality based on Rel-13 mechanism but leave FFS whether to be enhanced as follows [1][2]; 

	· Service continuity of multi-cast should be supported as in Rel-13 for Idle mode for NB-IoT and MTC.

	· FFS whether we enhance service continuity information


In this contribution, the details of SC-PTM service continuity for FeMTC/eNB-IoT are discussed. 

2. Discussion 

2.1. Rel-13 mechanism 
In Rel-13, the SC-MCCH provides the information for service continuity, in order for the UE to easily find the MBMS service(s) of interest served on the other frequency/cell. In detail, SCPTM-NeighbourCellList contains cell ID and frequency and sc-mtch-neighbourCell per TMGI indicates within its bit string whether each entry of the list provides the MBMS service or not [3], which is depicted in Figure 1. 
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Figure 1  Rel-13 service continuity information
Although SIB15 provides similar information, it was mainly intended for MBSFN. In detail, MBMS-SAI-List containing MBMS Service Area ID is provided for intra-frequency and also provided together with dl-CarrierFreq for inter-frequency. 
Compared to SIB15, SC-MCCH added the cell ID into service continuity information because of granularity change, i.e., from multi-cell broadcast (or single-frequency network) to single-cell PTM. So, the exact information of which resource provides the MBMS service of interest was already identified in Rel-13 for service continuity (and also for UE battery consumption upon cell reselection). 
Observation 1 For service continuity of SC-PTM, Rel-13 included the cell IDs in SC-MCCH where MBMS service(s) are provided, due to the change from single-frequency to single-cell multicast. 
2.2. Rel-14 service continuity enhancements 
It’s still “FFS whether we enhance service continuity information” [2]. As in Observation 1, it’s necessary to first look at whether the granularity of resource is changed in Rel-14. It’s quite obvious that there’s a need to support the multicast based on assumptions of radio resource different from the previous release since RAN2 aims to “Introduction of necessary enhancements to support narrowband operation, e.g. support of MPDCCH, and coverage enhancement, e.g. repetitions” [4]. Also, for the use case stated in the WID that “e.g. firmware or software updates, group message delivery” the changes are identified as follows; 
· Operation: Wideband in Rel-13 to Narrowband in Rel-14; 

· Coverage: Normal coverage in Rel-13 to Enhanced coverage in Rel-14; 
· Use case (but not limited to): MCPTT in Rel-13 to Firmware/software update and Group message delivery in Rel-14. 
Observation 2 The assumptions/objectives of multicast are changed in Rel-14. 
Therefore, RAN2 should discuss whether the service continuity needs to be enhanced for each change. 
2.2.1. Narrowband operation 
As mentioned in Observation 1, it’s useful to extend the service continuity information when the resource granularity is changed, which is also applicable to the narrowband multicast in Rel-14. Two options may be considered as follows; 
· Option 1: Indicate whether the MBMS service is provided in a narrowband/carrier; 

· This is simple extension to indicate whether the SC-MTCH is receivable by BL UE/NB-IoT UE [6]. For example, it may be implemented in SC-MTCH-InfoList [3] as follows; 
	SC-MTCH-InfoList-r13 ::=


SEQUENCE (SIZE (0..maxSC-MTCH-r13)) OF SC-MTCH-Info-r13

SC-MTCH-Info-r13 ::= 



SEQUENCE
{


mbmsSessionInfo-r13





MBMSSessionInfo-r13,


g-RNTI-r13







BIT STRING(SIZE(16)),


sc-mtch-schedulingInfo-r13



SC-MTCH-SchedulingInfo-r13


OPTIONAL,
-- Need OP

sc-mtch-neighbourCell-r13



BIT STRING (SIZE(maxNeighCell-SCPTM-r13))
OPTIONAL,
-- Need OP

...
[[
sc-mtch-neighbourCell-BL-r14


BIT STRING (SIZE(maxNeighCell-SCPTM-r13))
OPTIONAL,
-- Need OP


sc-mtch-neighbourCell-NB-r14


BIT STRING (SIZE(maxNeighCell-SCPTM-r13))
OPTIONAL,
-- Need OP
]],
}


Note; sc-mtch-neighbourCell-BL indicates whether the SC-MTCH is provided within a narrowband (i.e., 6 PRBs), and sc-mtch-neighbourCell-NB indicates whether the SC-MTCH is provided within a carrier (i.e., 1 PRB). 

· Option 2: Indicate in which narrowband/carrier the MBMS service is provided; 

· It may be also useful for the SC-MCCH to provide the information e.g., where the MBMS service is provided on the neighbour cell, similar to RAN2’s agreement that “SIB20 indicate the carrier for SC-MCCH, and SC-MCCH indicate the carrier for MTCH” [2]. However, it may be difficult for the eNB to provide similar information under FeMTC, i.e., in which Narrowband the MBMS service is provided, since the resources are assumed to be dynamically configurable within a system bandwidth. For example, it may be implemented in SCPTM-NeighbourCellList [3] as follows; 

	SCPTM-NeighbourCellList-r13 ::=

SEQUENCE (SIZE (1..maxNeighCell-SCPTM-r13)) OF PCI-ARFCN-r13
PCI-ARFCN-r13 ::=




SEQUENCE {



physCellId-r13





PhysCellId,



carrierFreq-r13





ARFCN-ValueEUTRA-r9

OPTIONAL


NarrowbandOperation-r14


ENUMERATED {true} 

OPTIONAL


carrierFreqOffset-r14


ENUMERATED {









v-10,v-9,v-8,v-7,v-6,v-5,v-4,v-3,v-2,v-1,v-0dot5,









v0,  v1, v2,v3,  v4,  v5, v6,  v7,  v8,  v9









}
OPTIONAL
}


Note: NarrowbandOperation indicates whether SC-PTM is provided within a narrowband (i.e., 6 PRBs), and carrierFreqOffset indicates where the anchor carrier (i.e., 1 PRB) providing SC-PTM is, as it is today in CarrierFreq-NB [3]. 
For FeMTC UEs, these options are quite similar but there are some differences as they are applied to eNB-IoT UEs.  With Option 1, the UE needs to search which carrier SC-PTM is provided on neighbour cells, while Option 2 facilitates smoother mobility. However, if it’s the case that multiple anchor carriers broadcast multiple (different) SIB20s, Option 2 may need multiple IEs, e.g., a list, which causes additional overhead. 
Both options have pros and cons. However, it’s obvious that information on narrowband/carrier operation is necessary as part of the enhancements to Rel-14 multicast for FeMTC/eNB-IoT. 
Proposal 1 RAN2 should discuss if the narrowband operation of SC-PTM in the neighbour cells should be provided. 
2.2.2. Enhanced coverage 

The other enhancement in Rel-14 is to support multicast in Enhanced Coverage, which is facilitated by e.g., repetition, power boosting and MCS selection [2]. Although it’s still “FFS if we have CE levels definition for SC-PTM”, it was agreed that “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” [2]. If the “coverage boost level (i.e., some threshold or “offset” to normal coverage for SC-PTM reception reliability check)” is assumed to be provided by the serving cells, then it should also be considered whether the coverage boost levels from the neighbour cells should also be included in the serving cell to facilitate service continuity, i.e., in order to minimize the packet loss. 
Proposal 2 RAN2 should discuss if the information of SC-PTM coverage (e.g., number of repetition, power boost level and MCS, or some integrated threshold/offset for reliability check) of the neighbour cells should be provided by the serving cell. 
2.2.3. Firmware/software update and group message delivery 
From the service continuity point of view, Rel-13 was mainly concerned with the need for low latency access (e.g., for streaming) while Rel-14 is mainly concerned with lossless mobility (e.g., file delivery). However, it is difficult to ensure the lossless mobility with multicast in the AS layer, since it’s already agreed that “In Rel-14 we will not have a solution with feedback” and retransmission [2], and it depends on the eNB’s scheduler (e.g., the packet delivery is not synchronized among eNBs in a network). Fortunately, as was discussed in the last meeting [2]
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[7], the upper layer mechanism, i.e., FLUTE, can compensate the packet loss in the AS layer, e.g., by the unicast file recovery. So, the lossless mobility may also rely on some upper layer mechanism in Rel-14 multicast. 
Observation 3 No additional AS mechanism is necessary for the lossless mobility in Rel-14 multicast. 
However, the amount of packet loss, e.g., missed FLUTE blocks, will depend on some AS layer configuration, e.g., synchronous delivery, SIB20 scheduling periodicity, SC-MCCH repetition period and so on. It affects to number of RRC Connection Request and duration of staying in RRC Connected, e.g., for the unicast file recovery, which cause additional UE power consumption. However, it’s up to NW implementation how to minimize the packet loss, except for the assistance information discussed in sections 2.2.1 and 2.2.2. 
Observation 4 It’s up to NW implementation in Rel-14 on how to minimize the packet loss due to UE mobility. 
3. Conclusion 
In this contribution, the necessity of service continuity enhancements for SC-PTM is discussed. The two options for narrowband operation as additional information are identified. In addition, the support of enhanced coverage and lossless mobility is considered.  RAN2 is kindly asked to take into account the observations/proposals below: 
Observation 1
For service continuity of SC-PTM, Rel-13 included the cell IDs in SC-MCCH where MBMS service(s) are provided, due to the change from single-frequency to single-cell multicast.
Observation 2
The assumptions/objectives of multicast are changed in Rel-14.
Proposal 1
RAN2 should discuss if the narrowband operation of SC-PTM in the neighbour cells should be provided.
Proposal 2
RAN2 should discuss if the information of SC-PTM coverage (e.g., number of repetition, power boost level and MCS, or some integrated threshold/offset for reliability check) of the neighbour cells should be provided by the serving cell.
Observation 3
No additional AS mechanism is necessary for the lossless mobility in Rel-14 multicast.
Observation 4
It’s up to NW implementation in Rel-14 on how to minimize the packet loss due to UE mobility.
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