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1. Introduction
Multicast is introduced in R14 NB-IoT enhancement [1] to make more efficient use of NB-IoT resources.
	Multicast:

· Extend Rel-13 SC-PTM to support multi-cast downlink transmission (e.g. firmware or software updates, group message delivery) for NB-IoT [RAN2 lead, RAN1, RAN4, RAN3] 

Introduction of necessary enhancements to support narrowband operation, e.g. support of NPDCCH, and coverage enhancement, e.g. repetitions


Meanwhile, multicast is also one objective in R14 eMTC [2].

	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, we discuss the principles of multicast design for both NB-IoT and eMTC.
2. Discussion
R13 SC-PTM is characterized by [3]:

	-
MBMS is transmitted in the coverage of a single cell;

-
One SC-MCCH and one or more SC-MTCH(s) are mapped on DL-SCH;

-
Scheduling is done by the eNB;

-
SC-MCCH and SC-MTCH transmissions are each indicated by a logical channel specific RNTI on PDCCH (there is a one-to-one mapping between TMGI and G-RNTI used for the reception of the DL-SCH to which a SC-MTCH is mapped);

-
A single transmission is used for DL-SCH (i.e. neither blind HARQ repetitions nor RLC quick repeat) on which SC-MCCH or SC-MTCH is mapped;


Figure 1 shows the existing E-MBMS logical architecture for LTE. The existing architecture can be used as the multicast architecture for NB-IoT and eMTC.

Proposal 1: The existing E-MBMS architecture is used as the multicast architecture for NB-IoT and eMTC.
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Figure 1 E-MBMS Logical Architecture
In order to support narrowband operation and coverage enhancement, how to realize multicast based on R13 SC-PTM is discussed in the following sections from RAN2 view.
2.1. SC-MCCH Transmissions
In R13 SC-PTM, SC-MCCH transmissions have the following principles [3]:

	-
there is one SC-MCCH per cell;

-
the SC-MCCH is sent on DL-SCH;
-
the SC-MCCH provides the list of all MBMS services with ongoing sessions transmitted on SC-MTCH(s), including for each MBMS service TMGI and optional session ID, associated G-RNTI and scheduling information;

-
SC-MCCH is transmitted by RRC every SC-MCCH repetition period;

-
SC-MCCH uses a modification period;
…


In R13, SC-MCCH transmissions are scheduled by PDCCH. There are two possible alternatives for SC-MCCH transmission in NB-IoT.

· Alt 1: Reuse the R13 SC-MCCH transmission mechanism, i.e. SC-MCCH transmissions are scheduled by NPDCCH for NB-IoT. In order to support coverage enhancement, NPDCCH and the corresponding SC-MCCH transmissions need to be transmitted with repetition.

· Alt 2: A NPDCCH-less mechanism for SC-MCCH transmissions. This is similar as SI transmission in R13 NB-IoT.

The information carried by SC-MCCH is semi-static. Alt2 can reduce the overhead of NPDCCH. Therefore, alt2 is more suitable for SC-MCCH transmissions in NB-IoT.

For SC-MCCH transmissions in eMTC, it is similar as behaviors in NB-IoT.
Proposal 2: For NB-IoT and eMTC, a NPDCCH-less/MPDCCH-less mechanism is applied for SC-MCCH transmissions
Proposal 2bis:  If proposal 2 is approved, send LS to inform RAN1.
2.2. SC-MCCH Notification Mechanism
If a NPDCCH-less / MPDCCH-less mechanism for SC-MCCH transmissions is approved, a SC-MCCH notification transmission pattern needs to be introduced in SIB, which may include SC-MCCH notification period, start subframe, offset, repetition number for coverage enhancement and so on.
If proposal 2 is not approved, the existing SC-MCCH notification mechanism also needs to be updated. In R13, SC-MCCH notification is sent in the same subframe as the SC-MCCH, using a fixed RNTI value. However, it needs confirmation from RAN1 whether it is feasible to scheduling NPDCCH/MPDCCH for SC-MCCH notification and NPDCCH/MPDCCH for SC-MCCH in a subframe with repetition. The existing SC-MCCH notification mechanism may need to be changed.
Proposal 3: RAN2 discuss the transmission of SC-MCCH notification based on the agreement of the scheduling of NPDCCH/MPDCCH for SC-MCCH notification and NPDCCH/MPDCCH for SC-MCCH in RAN1.

2.3. SC-MTCH transmission
In R13, SC-MTCH is mapped on DL-SCH. SC-MTCH transmissions are indicated by a G-RNTI on PDCCH. One-to-one mapping between TMGI and G-RNTI, which is used for the reception of the DL-SCH to which a SC-MTCH is mapped, is provided on SC-MCCH. And for each SC-MTCH, further scheduling information, including SC-MTCH scheduling cycle, SC-MTCH on-duration, and SC-MTCH inactivity-timer, is provided on SC-MCCH. In order to support coverage enhancement, the corresponding NPDCCH/MPDCCH and NPDSCH/MPDSCH for SC-MTCH need to be transmitted with repetition. In R13, repetition transmissions of NPDCCH/MPDCCH and NPDSCH/MPDSCH for coverage enhancement have already been supported. Therefore, SC-MTCH transmissions can be based on the existing structure with some extension, e.g. some extension on scheduling information.
Proposal 4: For NB-IoT and eMTC, SC-MTCH transmissions are based on the existing mechanism with enhancements, such as repetition.
2.4. Service continuity
Service continuity is support in R13 SC-PTM, i.e. mobility from a cell providing multicast via SC-PTM to a cell also providing multicast via SC-PTM and mobility from a cell providing multicast via SC-PTM to a cell providing multicast via unicast. For example, for each MBMS service provided using SC-PTM, E-UTRAN indicates in the SC-MCCH the list of neighbor cells providing this MBMS service so that the UE can request unicast reception of the service before changing to a cell not providing the MBMS service using SC-PTM [3]. In connected mode, UEs informs the network about its MBMS interest via a RRC message. For NB-IoT, the mechanism for connected mode mobility enhancement is FFS. However, considering to support service continuity is relatively simple, it is proposed that service continuity is supported for both NB-IoT and eMTC multicast mechanism as a baseline. Whether some enhancements need to be introduced can be studied further.
Proposal 5: SC-PTM service continuity is supported for NB-IoT and eMTC.
2.5. Repetition Number
In order to support coverage enhancement, transmissions need to be repeated. Different coverage enhancement areas may require different repetitions. For example, an area in one cell belongs to CE Mode A in eMTC which requires small repetitions, while another area in the cell belongs to CE Mode B in eMTC which requires large repetitions. Maybe UEs interested in SC-PTM in deep coverage enhancement area are less. If eNB schedules multicast with a maximal repetition number which ensures UEs in the maximal coverage enhancement in the cell can receive correctly, the required resource for multicast transmission is large. It will lead less effective resource usage, which is contrary with the intention of multicast. If eNB schedules multicast with a suitable repetition number, the UEs in deep coverage enhancement area cannot receive interested SC-PTM service(s) and may trigger unicast for multicast reception.
Proposal 6: Multicast transmission with repetitions may not ensure all UEs interested in SC-PTM service receive correctly, for both NB-IoT and eMTC.
2.6. Non-anchor carrier
In R13 NB-IoT, multi-carrier operation was introduced. UE in RRC connected mode can be configured to a non-anchor carrier. It is not clear whether multicast on non-anchor carrier scenario is supported or not. There are some UEs working on non-anchor carriers, e.g. connected mode UEs are configured to non-anchor carriers, and idle UEs need to monitor paging message on non-anchor carriers in R14. If switching from a carrier to another carrier frequently for a NB-IoT UE is not recommended, it can avoid the behaviors if multicast on non-anchor carrier is supported. If switching from a carrier to another carrier frequently for a NB-IoT UE is not a issue, then it can can reduce the load on the anchor carrier if multicast on non-anchor carrier is supported.
Proposal 7: RAN2 discuss whether multicast on non-anchor carrier scenario is supported or not for NB-IoT.

2.7. UE RRC State for multicast
UEs in RRC idle mode would be free at most time. Hence, there is no doubt UEs in RRC idle mode support to receive multicast in NB-IoT and eMTC. However, if UEs are in RRC connected mode, the situation may be complicated. UEs in NB-IoT and eMTC may not support simultaneous reception of unicast and SC-PTM transmission in one subframe on one carrier. There are three alternatives for UEs in RRC connected mode to receive multicast in NB-IoT and eMTC:
· Alt 1: Reuse R13 SC-PTM mechanism, i.e. UEs in RRC connected mode support multicast and inform eNBs about its multicast interest.
In R13 SC-PTM, UEs that are receiving or interested to receive SC-PTM inform the network about its multicast interest. If the UE does not support simultaneous reception of unicast and SC-PTM transmission, the network does it best to ensure that the UE is able to receive multicast and unicast service by scheduling them in different subframes. For multicast in NB-IoT and eMTC, the mechanism could be reused. However, UEs in RRC connected mode may need to acquire related SIBs for SC-PTM.
· Alt 2: Depend on UE implementation.

If unicast and SC-PTM transmissions are scheduled in a subframe, it is depended on UE implementation whether to receive unicast or SC-PTM. However, it needs to further discuss how the UE receives the interested multicast services if unicast is prioritized by the UE.
· Alt 3: UEs in RRC connected mode do not support to receive multicast via SC-PTM

Similar as alt2, it needs to further discuss how the UE receives the interested multicast services if it does not support to receive multicast via SC-PTM in RRC connected mode.

Proposal 8:  UEs in RRC idle mode support multicast for NB-IoT and eMTC.
Proposal 9: RAN2 discuss whether and how UEs in RRC connected mode support multicast for NB-IoT and eMTC.
3. Conclusion
In this contribution, some issues are discussed based on R13 SC-PTM. And it is proposed:
Proposal 1: The existing E-MBMS architecture is used as the multicast architecture for NB-IoT and eMTC.
Proposal 2: For NB-IoT and eMTC, a NPDCCH-less/MPDCCH-less mechanism is applied for SC-MCCH transmissions
Proposal 2bis:  If proposal 2 is approved, send LS to inform RAN1.

Proposal 3: RAN2 discuss the transmission of SC-MCCH notification based on the agreement of the scheduling of NPDCCH/MPDCCH for SC-MCCH notification and NPDCCH/MPDCCH for SC-MCCH in RAN1.

Proposal 4: For NB-IoT and eMTC, SC-MTCH transmissions are based on the existing mechanism with enhancements, such as repetition.

Proposal 5: SC-PTM service continuity is supported for NB-IoT and eMTC.
Proposal 6: Multicast transmission with repetitions may not ensure all UEs interested in SC-PTM service receive correctly, for both NB-IoT and eMTC.

Proposal 7: RAN2 discuss whether multicast on non-anchor carrier scenario is supported or not for NB-IoT.

Proposal 8: UEs in RRC idle mode support multicast for NB-IoT and eMTC.

Proposal 9: RAN2 discuss whether and how UEs in RRC connected mode support multicast for NB-IoT and eMTC.
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