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1 Introduction
In this contribution the coverage enhancements and repetitions for SC-PtM in Rel-14 FeMTC and eNB-IoT is discussed. Especially we address the problem of selecting suitable coverage enhancement/repetition level for certain SC-PtM service. Regarding coverage enhancements and repetitions, the following agreements were made in RAN2#95:

RAN2 assumes that repetition for SC-MTCH transmission will be introduced for multi-cast in NB-IoT and MTC.
The CE level information (e.g. repetitions) is one of the AS configurations for SC-MTCH.
2 Discussion
2.1 CE level for different services
In Release-13, UE considers itself in enhanced coverage according to its RSRP and RSRQ measurements as cell selection criterion is fulfilled only with certain coverage specific values as specified in TS 36.304 [1]. During Random Access procedure, MAC entity is in the corresponding enhanced coverage level determined by the UE, and Random Access Preambles group and PRACH resources are selected based on the enhanced coverage level as specified in 36.321 [2]. Therefore, during random access procedure, the eNodeB is aware of the PRACH coverage enhancement level of a UE. 

According to TS 36.213 [3], for a BL/CE UE, if CEModeA or CEModeB is not configured, UE shall assume the following configuration:

-
For a BL/CE UE with the PRACH coverage enhancement level 0/1, UE shall assume CEModeA.

-
For a BL/CE UE with the PRACH coverage enhancement level 2/3, UE shall assume CEModeB.
In this paper, for simplicity, we discuss coverage enhancement (CE) level within the context of estimated with respect to RSRP and RSRQ measurements or configured coverage enhancement level required in order to successfully transmit/receive for both eMTC and NB-IoT. These physical layer coverage enhancement levels correspond to the number of repetitions and power boosting. Various CE level definitions are possible. For example, the CE level can be expressed as the required number of dB’s or required number of subframe repetitions, or more roughly as “low”, “medium” and “high” or in number of levels such as CE level 0, 1, 2, and 3.
We think that RAN1 should discuss and define a mapping of the physical layer coverage enhancement methods to multicast channels. These CE levels can then be used to indicate that the network intends to provide a multicast service up to a particular CE level.
Proposal 1 RAN1 should discuss and define a mapping of the physical layer coverage enhancement methods to multicast channels.
Proposal 2 If Proposal 1 is agreed, send an LS to RAN1.
For both eMTC and NB-IoT the physical control channel repetition factor is configured in SIB or by dedicated RRC and the PDSCH or NPDSCH repetition factor is indicated in DCI. For multicast operation, a similar approach may be used. 

There has been discussion on if different multicast services can have different CE levels. This seems to be a reasonable assumption, since different services may have different subscribers with different coverage. Thus, having the same coverage enhancement level for all the services would not be very flexible. Therefore, the coverage enhancement level should be different for different services, but configurable depending on the required coverage enhancement for that particular multicast service. 
Proposal 3 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.
2.2 Coverage enhancement and repetition selection
To determine a suitable coverage enhancement level for a service, two things seem to be needed: The information about which UEs are interested in the service, and the required coverage enhancement level for those UEs. With this information the coverage enhancement level of the multicast service could be set. It should be considered, if this is a correct assumption and if so, how this information is shared to the network and to/from which entity. 
Multi-cell/multicast Coordination Entity (MCE) performs tasks such as deciding details of the radio configuration e.g. the modulation and coding scheme for multi-cell MBMS transmissions using MBSFN operation. For SC-PTM operation however, eNodeB performs the MCS selection in Release-13. Deciding the repetition number for multicast service can be regarded as part of MCS selection, therefore it would be reasonable to keep the repetition number decision at one of these two entities together with MCS selection. 

Proposal 4 The number of repetitions for multicast service is decided together with MCS selection

The selection may be performed based on the information provided by the UEs, such as the MBMS interest indication and the CE level of the UEs. However, transmitting such information from the UEs would require the UEs to be in RRC_CONNECTED. Another option is to use core network assistance, where the CN may inform RAN about the multicast services and the UEs that may be interested in these services and their CE levels. This knowledge could be acquired, for example, from subscription information and/or UEPagingCoverageInformation [3]. 
Some alternatives on how to select the coverage enhancement level for a particular multicast service could be performed are:
1. UEs report their interest indication (requires connected mode) for the multicast service along with their measured coverage level to the eNodeB, which passes this information to the MCE, which can determine suitable CE level for the multicast service.

2. CE level for a multicast service is set by higher layers, and the eNB is informed about which level to use and the UEs are made aware of this CE level via e.g. USD. Then the UEs may decide whether to try to receive the multicast service or rely on other methods, e.g. ask for unicast transmission instead.
3.  Historical information about UEs CE level may be used to determine the CE level for the service. This information may be known by the eNodeB, such as PRACH CE level [4], or it may be provided from CN, such as CE level used for paging.

CN may provide additional information to eNodeB however, so that the eNodeB may conclude which service is in question.
The first option allows semi dynamic setting of the CE level, which reflects the requirements of the listening UEs. This requires more standardization work, but is suitable for more dynamic environment where the coverage requirement of the UEs may change and the UEs may subscribe and unsubscribe to the service at any time. However, MBMS interest indication can only be transmitted in connected mode.
The second option is less flexible and doesn’t take into account the needs of the UEs as well, but is simpler to implement and would not require the UEs to be in connected mode. This option could be viable if the coverage of the UEs subscribing to the service can be determined beforehand and is assumed not to change over time, which is more or less the case for most of the use cases considered in this work. Basically in this alternative, the higher layers define the service CE and RAN would then map the sent MBMS content to different repetition levels depending on the service CE levels. In a more dynamic environment where the UEs may subscribe and unsubscribe and their coverage may change at any time, this method is too inflexible and may not be able to provide sufficient QoS to all UEs.
The third option is a bit similar to the first option, but no direct feedback from the UEs is considered, while the historical information about the UEs coverage levels known by the eNodeB/CN may be used to determine the CE level for the multicast service. This requires some coordination between RAN and CN, but could be left up to the implementation, therefore it wouldn’t have as large standardization impact, while still retaining some flexibility.
Proposal 5 It is up to network implementation to determine the coverage enhancement level for a multicast service 
3 Conclusion

In this contribution we discussed the coverage enhancements and repetitions for SC-PtM in Rel-14 FeMTC and eNB-IoT.

Based on the discussion in section 2 we propose the following:
Proposal 1
RAN1 should define a mapping of physical layer coverage enhancement methods e.g. repetitions, power boosting to a new CE level definition used for the higher layers
Proposal 2
If Proposal 1 is agreed, send an LS to RAN1
Proposal 3
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.
Proposal 4
The number of repetitions for multicast service is decided together with MCS selection
Proposal 5
It is up to network implementation to determine the coverage enhancement level for a multicast service 
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