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Discussion and decision
1 Introduction
	· 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.
·             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. 



A new WI was agreed in RP#72 meeting to support the SC-PTM for the multicast transmission in NB-IOT [1]. In the RAN2 # 95 meeting, several points were noted regarding the SC-PTM for multicast transmission in NB-IOT and MTC [2] such as
In this document, we discuss some aspect from the RAN2 point of view that need to be investigated more.

2 Discussion
Reliability of the multicast transmission

Single Cell Point To Multipoint (SC-PTM) is used for multicast transmission in NB-IOT and eMTC. It is different from the MBSFN transmission in that it works in un-synchronized cells. SC-PTM transmission does not require any feedback from the UEs in the group who are receiving the service.

For a BL UE or UEs in CE (such as in NB-IOT and eMTC), multicast transmission with SC-PTM could be required for services like update of the software. Since these UEs are typically delay tolerant devices, completing the software taking some time is not an issue. The major concern for these UEs is the waste of power in receiving the repetition of transmissions in case the software update fails or is incomplete. UE might need to again receive whole broadcast of the service or request the unicast transmission of the service for the missing data. 

Feedback mechanism

A feedback mechanism at the RLC layer or PHY layer could be implemented to increase the reliability. However, any feedback mechanism would require the UE make RRC connection which would be power consuming. Also to avoid the interruption in reception of multicast service, UE has to wait until the multicast session is complete before transmitting the feedback. SC-PTM is not be supported in RRC connected mode for NB-IOT and is FFS for eMTC. Therefore, UE either has to receive the unicast of the retransmissions or move to idle mode to receive the multicast transmission. This also adds complexity in the feedback mechanism if PHY layer feedback such as HARQ is to be considered.
Observation 1 Feedback mechanism at PHY layer is not efficient for SC-PTM in NB-IOT. In addition, it adds complexity to the HARQ for SC-PTM service.
NB-IOT only supports the RLC UM for the transmissions. Also the UE might have limitation on the L2 buffer size. Additionally UE might need to make RRC connection to network before sending any feedback which is hugely power consuming in NB-IOT and eMTC. Also, RLC layer in UM mode is not able to combine multiple retransmissions of SC-PTM service. It is because the sequence of the retransmissions of a session is different as UE uses the same SC-PTM bearer.
Observation 2 RLC layer feedback mechanism or combination of transmission may not be possible because of power inefficiency and added complexity.
Proposal 1. Discuss whether feedback mechanism for multicast using SC-PTM in NB-IOT/eMTC is preferred considering the impact on UE's power consuming.

Feedback less mechanism

Since there is no multiplexing at MAC, whole RLC PDU needs to be transmitted as transport block by the PHY layer for multicast using SC-PTM. The current maximum supported size of TBS for NB-IOT is 680bits and for eMTC is 1000bit. The consequence is that a single UDP/IP packet would need to be segmented into large number of PDUs at RLC and large number of transport blocks (TB) at PHY for transmission. This leads to reduced reliability in the transmission of a UDP/IP packet. In the updated eNB-IOT WID[3], DL TBS value for NB-IOT is expected to increase from 680 bits to a larger value which offers some potential alleviation of the segmentation issue 
Higher layer combination of UDP/IP packets is already possible for example in MBMS. The SC-PTM service is broadcast multiple times by the network. It is possible for higher layer to combine the corrupted or missing UDP/IP packets. Since delay is not an issue for NB-IOT/eMTC, number of times the network broadcast the SC-PTM service can be increased to improve the reliability. 
Observation 3 To improve the reliability by allowing the higher layer to combine the UDP/IP packets from different broadcast of a SC-PTM service, network can increase the number of broadcast for SC-PTM service.
Since maximum number of repetition of a transmission in NB-IOT and eMTC is fixed, one simple way of increasing the reliability of the transmission without any feedback mechanism would be to increase the number of repetitions more than currently allowed in NB-IOT or eMTC UEs. However, this option would impact the design of PHY channel and resource allocations and would be in RAN1 scope. In addition, maximum number of repetitions, especially for eMTC, are already over dimensioned and may already provide a good margin in terms of reliability.
In NB-IOT and eMTC, the challenge for multicast transmission is also to reach to the UE in worst coverage level. Different UEs might be in different coverage level. One possible solution would be to transmit the multicast transmission considering the worst coverage level. When UE is in better coverage, it might be able to decode the TB with fewer retransmissions. In this case, UE does not need to receive the rest repetitions of the transmission, however, it needs to know the scheduling of the transmission of next TB.

Observation 4 Similar to paging mechanism, in SC-PTM, the network should target a specific CE level that could be the maximum, in which case it would guarantee reachability to any CE level IE, or it could be smaller CE level, in which case not all UEs could receive SC-PTM. 
Configuration of the SC-PTM for multicast transmission
In LTE, UEs who are interested in receiving the MBMS service are required to read SIB20 to get the SC-PTM channel (SC-MCCH and SC-MTCH) information. After reading SC-MCCH in the PDSCH, UE knows the scheduling information of SC-MTCH to receive the data in PDSCH. 

For NB-IOT, new SIB20 and channels need to be defined. Because of requirement of high number of repetitions, it could be costly to transmit the scheduling information of SC-MTCH using the SC-MCCH as it has to be retransmitted every SC-MCCH repetition period. Also UE has to monitor PDCCH to get the associated resources and MCS for SC-MCCH and SC-MTCH. The SC-MCCH carries the information of session schedule, session window for the SC-MTCH.
Observation 5 SC-MCCH configuration for multicast transmission in NB-IOT can be optimized to transmit it without control channel, however, it would limit the network flexibility.
To transmit SC-MCCH without control signal, the scheduling information has to be broadcast in SIB. However, mismatch in repetition period of SIB and MC-SCCH could also reduce the gain. 
Proposal 2. To schedule SC-MCCH and SC-MTCH using MPDCCH or NPDCCH.
SC-MCCH change notification

In the LTE, the SC-MCCH modification period is defined in SIB20. Within the modification period, same SC-MCCH is transmitted multiple times. UEs use the SC-N-RNTI to monitor the change in SC-MCCH in the PDCCH. This is notified at the boundary of SC-MCCH modification period. If UE finds of the change, it has to acquire the new SC-MCCH. Currently there is no associated PDSCH to the PDCCH with SC-N-RNTI. However, RAN1 input is required to confirm whether or not both notification and PDCCH for SC-MCCH can be scheduled in the same subframe for NB-IOT/eMTC. 
It would be possible to use same mechanism of updating system information change to indicate the change in the SC-MCCH. In this case UE would not require SC-N-RNTI for monitoring SC-MCCH change notification. 
Observation 6 SC-MCCH change notification mechanism can be optimized for NB-IOT.

Proposal 3. Not to use SC-N-RNTI for SC-MCCH change notification in NB-IOT/eMTC.
Service continuity

In LTE, a list of neighbour cells who provide the session of multicast transmission using SC-PTM is provided in the SC-MCCH. This helps UEs to determine if it needs to request the unicast transmission of the service in the case it camps to a cell which do not provide the multicast transmission using SC-PTM. Even though NB-IOT or eMTC UEs can be mostly stationary, it is important to support the service continuity to avoid restarting the receiving process of the multicast service in case UE move to different cell which will result in more power consumption.
Observation 7 Service continuity is important for power saving when UE changes cell in NB-IOT or eMTC.
Multicast reception in RRC connected state

According to RAN2#95 meeting, multicast reception in RRC connected state is not required for NB-IOT. The multicast reception in RRC connected state for NB-IOT could be challenging. The NB-IOT UEs are not required to monitor the paging or SI broadcast. Therefore, another ways for providing the information of SC-MCCH to UEs are required. When UE is in RRC connected state, it might have some unicast data to transmit or receive. There is also an additional complexity of scheduling the unicast and multicast transmission in RRC connected mode such as prioritization, multiplexing. Also NB-IOT UEs particularly do not stay long in RRC connected state as UEs would have small size of data transmission and reception. 
On the other hand, eMTC UEs could stay longer time in RRC connected mode. It could be possible that the eMTC UEs might have to go back to IDLE mode to receive the SC-PTM service. This could lead to the interruption of service that UE was receiving in the connected mode. Prioritization of unicast and multicast transmission is also possible.
Observation 8 Multicast transmission in RRC connected state can be considered for eMTC.
3 Summary 
Observation 1 Feedback mechanism at PHY layer is not efficient for SC-PTM in NB-IOT. In addition, it adds complexity to the HARQ for SC-PTM service.
Observation 2 RLC layer feedback mechanism or combination of transmission may not be possible because of power inefficiency and added complexity.
Proposal 1.
Discuss whether feedback mechanism for multicast using SC-PTM in NB-IOT/eMTC is preferred considering the impact on UE's power consuming.
Observation 3 To improve the reliability by allowing the higher layer to combine the UDP/IP packets from different broadcast of a SC-PTM service, network can increase the number of broadcast for SC-PTM service.
Observation 4 Similar to paging mechanism, in SC-PTM, the network should target a specific CE level that could be the maximum, in which case it would guarantee reachability to any CE level IE, or it could be smaller CE level, in which case not all UEs could receive SC-PTM.
Observation 5 SC-MCCH configuration for multicast transmission in NB-IOT can be optimized to transmit it without control channel, however, it would limit the network flexibility.
Proposal 2.
To schedule SC-MCCH and SC-MTCH using MPDCCH or NPDCCH.
Observation 6 SC-MCCH change notification mechanism can be optimized for NB-IOT.
Proposal 3.
Not to use SC-N-RNTI for SC-MCCH change notification in NB-IOT/eMTC.
Observation 7 Service continuity is important for power saving when UE changes cell in NB-IOT or eMTC.
Observation 8 Multicast transmission in RRC connected state can be considered for eMTC.
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