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1. Introduction
In RAN#72, the new WI on Further Enhanced MTC was approved and one of main objectives is to extend SC-PTM functionalities from RAN2 point of view [1]; 
	Multicast [RAN2 lead, RAN1]

· 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 this contribution, the general issues to enhance the existing multicast mechanism for FeMTC UEs are discussed.
2. Discussion
2.1. Rel-13 SC-PTM 
The SC-PTM was specified on top of the eMBMS architecture to support DL multicast transmission in a single cell using PDSCH, unlike MBSFN with PMCH [2]. The PDSCH-based multicast mechanism allows dynamic scheduling by PDCCH scrambled with SC-RNTI or G-RNTI, which also matches well with the objective of this WI, i.e., “for machine-type communications for BL/CE (eMTC) UEs”, although MPDCCH has not supported SC-RNTI, SC-N-RNTI and G-RNTI in Rel-13 [3]. 
Observation 1 Rel-13 SC-PTM potentially supports 6 PRBs operation, although MPDCCH needs RNTIs for SC-PTM transmission. 
Before the UE receives DL multicast data, it needs to acquire SIB20 to know the occasions of SC-MCCH transmission, wherein SC-MCCH conveys the detailed information for SC-PTM reception, i.e., SC-MTCH-InfoList, such as TMGI, corresponding G-RNTI, SC-PTM scheduling information and so on [4]. 
The current upper bound of SC-MCCH modification period is about 10.92 minutes, i.e., rf65536. So the UE interested in SC-PTM needs to check whether the contents of SC-MCCH has changed at least once every 10.92 minutes even if it has already received the current SC-MCCH, i.e., to try receiving the SC-MCCH change notification (PDCCH scrambled with SC-N-RNTI). On the other hand, Rel-13 eDRX extends the idle mode DRX cycle up to 43.69 munities [2]. While it could be assumed that FeMTC UEs are configured with the eDRX cycle, if the UE is interested in SC-PTM reception then it cannot take full advantage of the benefits of eDRX from the power saving perspective. 
The UE monitors the SC-RNTI in the PDCCH to obtain the SC-MCCH transmission in the DL-SCH.  The SC-MCCH provides the list of all MBMS services with on-going sessions transmitted on SC-MTCH(s), including for each MBMS service TMGI and optional session ID, associated G-RNTI and scheduling information. When the TMGI of interest is available in SC-MCCH, the UE monitors PDCCH scrambled with G-RNTI, i.e., SC-PTM in the subframe occasions. The current scheduling period of SC-PTM is defined up to 8,192 ms, i.e., sf8192 [4], so the UE needs to decode PDCCH once every 8 seconds, which is much shorter period compared to the eDRX cycle. 
Observation 2 The IDLE UE interested in SC-PTM reception may need to decode PDCCH scrambled with SC-N-RNTI and/or G-RNTI in a much shorter period than its configured eDRX cycle. 
In order to avoid the additional power consumption of FeMTC UEs, it should be discussed whether the SC-MCCH change notification mechanism and/or SC-PTM scheduling period needs to be extended, e.g., to align with eDRX mechanisms using H-SFN [2]. 
Proposal 1 RAN2 should discuss whether the SC-MCCH change notification and SC-PTM scheduling period needs to be extended, in order to minimize the UE power consumption. 
2.2. Rel-14 multicast requirements 
2.2.1. Support for the Firmware update use case 
The WID identifies the motivation of DL multicast for FeMTC UEs, “e.g. firmware or software updates, group message delivery” [1]. It would require more reliable communication compared to the group communication and video streaming that were assumed as main applications in the legacy eMBMS, i.e., the firmware makes no sense even if only one packet is missed. 
Regarding the unicast transmissions, HARQ and ARQ functionalities ensured the reliable packet transfer which could match the required QoS of e.g., firmware update case. However, considering the massive number of connections expected for IoT devices in the near future, it no longer make sense to only rely on the unicast for reliable communication (and possibly on a robust network deployment). 
On the other hand, the multicast transmissions could provide data transfer to multiple UEs simultaneously, which is beneficial for serving massive number of devices in a cell. However, the existing multicast scheme is not robust enough for some cases since there is no protocol for supporting packet reception failures 
Observation 3 Although unicast transmission can ensure reliable data transfer for e.g., firmware update, multicast transmission can serve simultaneously support many more UEs, e.g., massive MTC devices. 
There are three approaches for the enhancements, a) a combination of unicast and multicast, b) enhancements to unicast and c) enhancements to multicast, whereby only a) and c) are in-line with the scope of WI [1]. 
With approach a), UEs that fail integrity checks of a file downloaded via multicast would be expected to reacquire the file via unicast by e.g., an upper layer-initiated retransmission request. While it’s a simple mechanism from the AS specification point of view, there could be some drawbacks from the perspective of UE power consumption. For example, the UE may need to reacquire the entire file even if only a part of file is not successfully decoded, wherein it’s not efficient especially if the file is not small, e.g., firmware/software. Additionally, if the UE was in IDLE, i.e., idle mode reception of multicast, then it needs to establish RRC connection for the unicast transfer, wherein it takes additional signalling for connection establishment/resumption. 
With approach c), a retransmission scheme in the AS specifications for multicast may be supported. It would require standardization efforts for e.g., UL feedback and/or retransmission mechanisms, but it would improve the efficiency of FeMTC UEs to download the entire firmware. Considering that low power consumption is key performance parameter for MTC devices, the retransmission scheme should be considered for DL multicast.
Proposal 2 RAN2 should discuss whether the retransmission scheme, including UL feedback, should be introduced in SC-PTM for FeMTC UEs. 
2.2.2. Support of Enhanced Coverage 
Currently, pre-Rel-14 UEs in Connected and IDLE are able to receive MBMS services [2]. Since Rel-114 UEs are assumed to be in Enhanced Coverage, the principle of current multicast mechanism should be applied. 

Proposal 3 Rel-14 UEs in Connected and IDLE should also be able to receive SC-PTM in Enhanced Coverage. 
The repetition of signals was a key component to support Coverage Enhancements in Rel-13, in addition to the bandwidth reduced access technology [1]. The repetition technique may be reused for Rel-14 multicast to UEs in Enhanced Coverage. From RAN2’s point of view, at least BCCH (SIB20) and DL-SCH (SC-MCCH and SC-PTM) should be considered and the (maximum) number of repetitions for these channels are already provided by RRC, i.e., pdsch-maxNumRepetitionCEmodeA , pdsch-maxNumRepetitionCEmodeB and mpdcch-NumRepetition [4] and MPDCCH provides actual number of PDSCH repetition [3], while mpdcch-NumRepetition for SC-MCCH/SC-PTM transmissions may need to be provided in SIB for IDLE UEs if MPDCCH is used to assign the corresponding PDSCHs.  In addition, the repetition of SC-MCCH is already provided in SIB20, i.e., sc-mcch-RepetionPeriod-r13, in order to limit the access latency [4]. It may be also reused to support Enhanced Coverage.  If RAN2 agrees these changes are needed, RAN1 should also be informed about RAN2’s views. 
Observation 4 The repetition technique should be reused for multicasting in Enhanced Coverage. 
Proposal 4 If RAN2 agrees with Observation 4, an LS should be send to RAN1 to inform them of the desired changes. 
According to the current idle mode procedure [5], the UE receiving or interested in an MBMS service may prioritize the frequency providing SC-PTM over the other frequencies, i.e., to consider the highest priority. On the other hand, it’s also specified that “Ranking with cell selection criterion S for enhanced coverage is applied for intra-frequency and inter-frequency cell reselection when the current serving cell can only be accessed using enhanced coverage”, wherein it seems to handle all the frequencies as equal priority if the UE is in Enhanced Coverage. Since the SC-PTM reception in Enhanced Coverage was not clearly defined in Rel-13, it should be clarified that the current specification allows the UE in Enhanced Coverage to prioritize SC-PTM frequency as it is done in normal coverage. Also, RAN2 should discuss whether some small enhancements are necessary, e.g., to add notes in the specification. 
Proposal 5 RAN2 should discuss and clarify whether the UE in Enhanced Coverage is allowed to prioritize the frequency providing multicast service of interest. 
2.2.3. Other optimizations 
2.2.3.1. Service continuity 
In the current specification [4], SC-MCCH provides the neighbour cell information in SCPTM-NeighbourCellList, i.e., physical cell ID and frequency. If the UE is interested in a TMGI of which the serving cell does not provide SC-PTM, the UE needs to decode the neighbour cells’ SC-MCCHs to seek the TMGI of interest. UE’s power consumption would be significantly impacted if the UE also needs to decode SC-MCCH over neighbour frequencies. esp. for UE’s in mobility which is one of the enhancements to be addressed in this WI [1]. So, it should be discussed whether some additional information needs to be broadcasted in order to facilitate FeMTC UEs mobility with low power consumption. 
Proposal 6 RAN2 should discuss whether additional information needs to be broadcasted in e.g., SC-MCCH, to assist FeMTC UE’s in mobility. 
2.2.3.2. One-shot multicasting 
As discussed in section 2.2.1, the use case of firmware/software update is the multicast-type service rather than the broadcast service. It could be also assumed that the firmware is a (set of) file(s), so it would be not efficient that the same firmware is multicasted many times. In the current MBMS service, it’s assumed that “the application/service layer provides for each service the TMGI, the session start and end time, the frequencies and the MBMS service area identities” in the USD [2]. This will allow for one-shot multicasting, i.e., the one firmware is multicasted only once, by setting appropriate start/end time in the USD. However, it has been assumed that the USD isn’t downloaded frequently at the UE while the scheduled firmware update happens dynamically.  If the UE is required to download the USD frequently to know when the firmware may be updated this will have significant impact to the UE’s power consumption. So, it is necessary to consider RAN-level optimizations, e.g., RAN-level information like the start/stop time, TMGI-based paging and so on, which may interact and complement with the UE’s existing USD. 
Proposal 7 RAN2 should discuss whether RAN-level optimization to facilitate the one-shot multicast delivery is necessary. 
3. Conclusion 
In this contribution, the potential issues of Rel-13 SC-PTM are discussed. Also, some enhancements to support FeMTC requirements and optimizations are considered.  RAN2 is kindly asked to take into account the observations/proposals below: 
Observation 1
Rel-13 SC-PTM potentially supports 6 PRBs operation, although MPDCCH needs RNTIs for SC-PTM transmission.
Observation 2
The IDLE UE interested in SC-PTM reception may need to decode PDCCH scrambled with SC-N-RNTI and/or G-RNTI in a much shorter period than its configured eDRX cycle.
Proposal 1
RAN2 should discuss whether the SC-MCCH change notification and SC-PTM scheduling period needs to be extended, in order to minimize the UE power consumption.
Observation 3
Although unicast transmission can ensure reliable data transfer for e.g., firmware update, multicast transmission can serve simultaneously support many more UEs, e.g., massive MTC devices.
Proposal 2
RAN2 should discuss whether the retransmission scheme, including UL feedback, should be introduced in SC-PTM for FeMTC UEs.
Proposal 3
Rel-14 UEs in Connected and IDLE should also be able to receive SC-PTM in Enhanced Coverage.
Observation 4
The repetition technique should be reused for multicasting in Enhanced Coverage.
Proposal 4
If RAN2 agrees with Observation 4, an LS should be send to RAN1 to inform them of the desired changes.
Proposal 5
RAN2 should discuss and clarify whether the UE in Enhanced Coverage is allowed to prioritize the frequency providing multicast service of interest.
Proposal 6
RAN2 should discuss whether additional information needs to be broadcasted in e.g., SC-MCCH, to assist FeMTC UE’s in mobility.
Proposal 7
RAN2 should discuss whether RAN-level optimization to facilitate the one-shot multicast delivery is necessary.
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