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1. Introduction
In RAN#72 a new work item (WI) named further enhancements for MTC  [1] was introduced. The objectives of the WI include the support of positioning, multicast, mobility enhancements and higher data rates.

In this document we provide our views on the support of multicast for eMTC UEs.

2. SC-PTM reception in idle mode
For FeMTC [1] broadcast/multicast information is delivered via SC-PTM. One of the main objectives of multicast is to deliver software updates to multiple devices, which may be not feasible to perform in an unicast way due to the large number of expected M2M devices in a given cell.
Due to the special characteristics of eMTC, it may also not be feasible to force the UEs to move to connected mode when receiving this information:
· Massive number of devices: It is expected that to have a large number of eMTC UEs in a given cell. Many of these UEs, however, have a very sparse duty cycle (e.g. one transmission per day), so the number of simultaneously connected UEs is expected to be much lower. Forcing all UEs in a cell to be connected when receiving multicast may be a bottleneck for the network and, therefore, is not recommended.
· Simultaneous reception: When a UE is in connected mode, it monitors MPDCCH USS to obtain downlink and uplink grants to transmit data. Due to half duplex and narrowband operation, eMTC UEs cannot perform simultaneous reception in different narrowbands, or transmit and receive at the same time. Thus, when receiving SC-PTM, the UE may not be able to simultaneously monitor its MPDCCH USS and connected mode procedures may be challenging to achieve.
A simple solution to these two issues is to enable idle mode reception of SC-PTM, so that UEs do not need to be connected when receiving the multicast information, and also the UE is not expected to receive unicast assignments during this reception.
Proposal 1: Enable idle mode reception of SC-PTM
Also, similarly to paging monitoring, a UE is not expected to monitor SC-PTM when in connected mode. In such a case, the eNB should release the RRC connection and move the UE to idle mode to enable this reception.
Proposal 2: Similarly to paging monitoring, a UE is not expected to receive SC-PTM while in connected mode. The eNB should release the connection to enable this monitoring.


3. Control vs control-less reception of SC-PTM
In legacy LTE, SC-PTM is achieved by monitoring PDCCH scrambled by G-RNTI, which schedules the corresponding PDSCH. While this procedure offers some flexibility, it has some problems when applied to eMTC UEs:
· Narrowband operation: In general, a UE is not able to simultaneously monitor MPDCCH and receive PDSCH, so continuous reception of PDSCH is not feasible. One exception to this rule is when PDSCH and MPDCCH happen in the same narrowband, but this would reduce the amount of resources available for PDSCH (e.g. 2 RBs are used for MPDCCH and 4RBs are used for PDSCH).
· [bookmark: _GoBack]Cross-subframe scheduling: In LTE a PDCCH in subframe N schedules a PDSCH in subframe N. Thus, the processing of PDCCH does not incur in any additional timing, and offers some flexibility to adjust the resources and/or TBS. In eMTC, however, an MPDCCH in subframe N schedules a PDSCH in subframe N+2. This fact, together with the previous narrowband operation constraint, reduces the achievable data rate by a factor of 1/3 (for each subframe of PDSCH we need one subframe of MPDCCH + guard subframe due to cross-subframe scheduling). A similar reasoning can be applied for coverage enhancement modes, where the repetitions due to MPDCCH can be a large overhead to the PDSCH reception. In Figure 1 we show this increased overhead due to cross-subframe scheduling.
· Use case: The typical use case of broadcasting/multicast in LTE is multimedia reception. Depending on the used codec, the multimedia content may have variable bitrate, and thus it is beneficial to have the flexibility at the physical layer to change the TBS/scheduling accordingly. For eMTC, the typical use case is expected to be the delivery of a software update, so the network can calculate beforehand the amount of resources, TBS, repetitions, etc. needed for its delivery. 

Figure 1 Comparison of LTE SC-PTM, eMTC with MPDCCH, and control-less operation.

In view of these issues, we propose to introduce control-less SC-PTM for eMTC. The necessary parameters (resource allocation, number of repetitions, TBS) can be obtained via SI.
In case other applications are considered (e.g. audio delivery for wearables), MPDCCH scheduling can be additionally introduced.
Proposal 3: Introduce control-less transmission for SC-PTM.

4. Handling of multiple coverage levels
eMTC devices can be very heterogeneous, and so can be their coverage level and data rate needs. For example, a metering device may require to transmit a couple of bytes per day and may be delay tolerant, while a surveillance camera may require a higher bandwidth and tight delay constraints. Similarly, there can be multiple devices (or types of devices) in different coverage levels that need to receive the same SC-PTM content. One straightforward way to enable this is to determine the number of repetitions for SC-PTM based on the worst case UE. UEs that are interested in the same content may also monitor that SC-PTM, but may incur in unnecessary energy consumption. For example, consider a UE that is able to receive PDSCH with 1 repetition, but the worst case UE requires 128 repetitions to decode. If the broadcast content requires 100 TB to be delivered, the good UE would be awake (i.e., out of deep sleep) for 12.673s to receive the whole content (assuming the TB are delivered in sequential order, without interleaving). If the SC-PTM transmission was targeting this particular UE, it would only need 0.1s to receive the same information.
Observation 1: If the number of repetitions for SC-PTM targets the worst case UE, UEs in good coverage may use more energy than necessary to receive SC-PTM.
One straightforward solution to this issue is to transmit the same content in multiple narrowbands with different repetition levels, but this would increase the network utilization. An intermediate solution is to combine different repetition levels in such a way that a UE is able to decode them by retuning among narrowbands. For example, consider the case of UEs with repetition level {1,2,4,8}, and that the software update is delivered in a carousel-like manner (i.e., for a period of time the content is broadcast continuously). A UE in good coverage can tune to a higher coverage level, early decode, and move to a different narrowband to continue the reception. In Figure 2 we present an example of this type of structure. Consider all UEs start decoding in subframe 0, then the retuning sequence would be as follows:
· For UEs that need 8 repetitions, it stays in NB1 for the whole period
· For UEs that need 4 repetitions, it hops as follows:
· NB1 in SF 0-3.
· NB2 in SF 4-7
· NB1 in SF 8-11
· NB2 in SF 12-15
· For UEs that need 2 repetitions, it hops as follows:
· NB1 in SF 0-1
· NB2 in SF 2-5
· NB3 in SF 6-7
· For UEs that needs 1 repetition, it hops as follows:
· NB1 in SF0
· NB2 in SF 1-2
· NB3 in SF 3



Figure 2 Structure that allows for different coverage levels transmitted in an efficient way
With this scheme it is feasible to reduce the amount of used resources while enabling early decoding for good coverage UEs.
Proposal 4: Consider schemes like the one in Figure 2 to convey information efficiently to different coverage levels

5. Summary
Proposal 1: Enable idle mode reception of SC-PTM
Proposal 2: Similarly to paging monitoring, a UE is not expected to receive SC-PTM while in connected mode. The eNB should release the connection to enable this monitoring.
Proposal 3: Introduce control-less transmission for SC-PTM.
Observation 1: If the number of repetitions for SC-PTM targets the worst case UE, UEs in good coverage may use more energy than necessary to receive SC-PTM.
Proposal 4: Consider schemes like the one in Figure 2 to convey information efficiently to different coverage levels
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