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1 Introduction

The Rel-14 work item on “Further Enhanced MTC for LTE” [1] has five main objectives: (1) positioning, (2) multicast, (3) mobility enhancements, (4) higher data rates and (5) VoLTE enhancements. The details for the objective on multicast are given below:
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

RAN2 made the following agreements on multicast in RAN2#95:
Agreements

-
The Rel-13 SC-PTM architecture is assumed for multi-cast design for NB-IoT and MTC.

-
Reception of multi-cast in RRC_IDLE mode is required by both NB-IoT and MTC.

-
Reception of multi-cast in RRC_CONNECTED mode is not required for NB-IoT and FFS for MTC. 

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

-
RAN2 assumes that the legacy SC-MTCH mechanism in which the SC-MTCH is scheduled by PDCCH is reused for multi-cast in NB-IoT and MTC to achieve flexible scheduling.

-
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.
-
UM mode is to be used for SC-PTM in NB-IoT and MTC.

-
To use SIB20 (or a somewhat modified variant) for SC-MCCH configuration (a new SIB20-NB for NB-IoT). 

-
Both SC-MCCH and SC-MTCH can maybe be scheduled on anchor carrier and/or non-anchor carrier for NB-IoT.

-
SC-MCCH and SC-MTCH can maybe be scheduled on different carriers for NB-IoT and for MTC (narrowband for MTC). Need to consider e.g. MCCH modification and e.g. frequency hopping for MTC.
For connected mode, reception of multi-cast is not required for NB-IoT, but it is FFS for eMTC. In this contribution we discuss multicast reception for eMTC UEs (Rel-14 bandwidth reduced UEs or UEs in enhanced coverage) in connected mode.
2 Discussion
A Cat-M1 UE should be able to monitor its paging occasions; e.g. to monitor for paging or to be notified about the system information update, during a multicast transmission session. It is not possible for such UEs to receive multicast data while monitoring for paging since parallel reception is not possible. The network may avoid scheduling the multicast data when UEs, interested in multicast, are monitoring for paging; but considering that the network is not aware of UEs in idle mode, which are camped in a cell, or whether the UEs are interested in a multicast service, this would require avoiding scheduling multicast data transmission during possible paging occasions in that cell.
Observation 1 For Cat-M1 UEs, scheduling multicast data transmission may need to be avoided during possible paging occasions in a cell.   

If a Cat-M1 UE is paged, it will trigger random access to establish an RRC connection which would then be not possible for the UE to receive multicast transmission unless the network is aware of UE’s capabilities and interest in multicast service so that scheduling can be done accordingly. When RRC connection is established, the UE is supposed to monitor MPDCCH during the active time. When in connected mode the network may be aware of UE capabilities and interest in certain multicast services, however it would be very difficult to schedule the multicast transmission with respect to interested UEs’ non active times so that it does not collide with the unicast transmission. This may also require frequent updates in the MBMS configuration which can be costly from network resources standpoint.
Another aspect to consider is the system information updates. Rel-13 eMTC UEs are not required to acquire system information when in connected mode. If the network considers an SI update as essential, it can release the UEs in connected mode to idle mode, so that updated system information can be acquired. When a UE is in connected mode, it would also be challenging for the UE to acquire multicast transmission related updates, such as configuration.
Observation 2 Supporting multicast reception in connected mode would require significantly larger effort compared to support in idle mode.  

Considering the complexity this would introduce, especially for scheduling, we propose the following:
Proposal 1 For Rel-14 eMTC UEs, reception of multi-cast in RRC_CONNECTED mode is not required. 
If the UE is in connected mode and there is a notification for a multicast service it is interested in; the UE may not be aware of the notification unless the network conveys such information to the UE. If the network is not aware of which multicast service the UE is interested in, it will not release the UE to idle mode if multicast transmission were to be prioritized over unicast. This can be achieved with the MBMS Interest Indicator message. The UE interested in multicast service sends this RRC message to the serving cell. The message consists of a list of frequencies on which the UE is interested to receive multicast services. This message also contains a bit to indicate, to the serving cell, whether the UE prefers multicast reception to unicast reception. The serving eNB may use this information to release the UE to idle mode, or in case of handover to choose the target cell for service continuity.
Proposal 2 The UE may indicate its interest to the eNB via MBMS Interest Indicator when in connected mode.
Proposal 3 It is up to the eNB to release the UE to idle mode if the UE indicates its interest in multicast service to the network.
2.1 Non-BL UEs in EC and BL UEs with larger bandwidth 
These UEs can support parallel reception both in idle and connected modes. Therefore, it is possible for such UEs to support multicast reception e.g. when monitoring for paging or receiving unicast data. 
Observation 3 Non-BL UEs in EC and BL UEs with larger bandwidth may support multicast reception in connected mode.  

Proposal 4 It is up to UE implementation for non-BL UEs in EC and BL UEs with larger bandwidth, i.e. 5 MHz, to support multicast reception in connected mode.
3 Conclusion

In this contribution we discuss multicast reception for eMTC UEs (Rel-14 bandwidth reduced UEs or UEs in enhanced coverage) in connected mode. In section 2 we made the following observations:

Observation 1
For Cat-M1 UEs, scheduling multicast data transmission may need to be avoided during possible paging occasions in a cell.
Observation 2
Supporting multicast reception in connected mode would require significantly larger effort compared to support in idle mode.
Observation 3
Non-BL UEs in EC and BL UEs with larger bandwidth may support multicast reception in connected mode.


Based on the discussion in section 2 we propose the following:
Proposal 1
For Rel-14 eMTC UEs, reception of multi-cast in RRC_CONNECTED mode is not required.
Proposal 2
The UE may indicate its interest to the eNB via MBMS Interest Indicator when in connected mode.
Proposal 3
It is up to the eNB to release the UE to idle mode if the UE indicates its interest in multicast service to the network.
Proposal 4
It is up to UE implementation for non-BL UEs in EC and BL UEs with larger bandwidth, i.e. 5 MHz, to support multicast reception in connected mode.
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