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One of the objectives for the work item [1] is the narrowband support for multi-cast.
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
In this contribution, we consider the configuration of SC-MTCH support multi-cast in NB-IoT based on the Rel-13 SC-PTM mechanism.
Transmission mechanism of SC-MTCH configuration information
There are two main candidate solutions considered for the transmission of SC-MTCH configuration information, i.e. the transmission of SC-MCCH.
Option 1: Transmit the configuration information for SC-MTCH in SIB20-NB.
Option 2: Transmit the configuration information for SC-MTCH on a dynamically scheduled SC-MCCH.
Option 1 has a simpler process for the SC-PTM transmission than option 2, that SIB20-NB can directly indicate the SC-MTCH configuration information to UE. And there is no independent extra search space needed for the transmission of SC-MCCH, which can help alleviate the problem of collisions among various NPDCCH search spaces in NB-IoT downlink.
However, option 1 also has several limitations compared with option 2. Firstly, it has low flexibility to support the change of SC-MTCH configuration, in particular that change can be indicated in SIB only at the boundary of the system information modification period, which may be as long as hundreds of seconds, even dozens of minutes which could present some limitations depending on the various types of multicast traffic that could be needed. Also, the maximum TBS of SIB is 680 bits which will limit the number of the simultaneous ongoing multicast sessions configured in the SIB20-NB.
Accordingly, option 2 supports more frequent change of the SC-MTCH configuration through various setting of the modification period for SC-MCCH. It allows eNB to segment the SC-MCCH data to multiple TBs while a large number of ongoing sessions are configured in SC-MCCH.
Proposal 1: Transmit the configuration information for SC-MTCH through a dynamically scheduled SC-MCCH in NB-IoT.
PRB location for SC-MCCH and SC-MTCH
In RAN2#95, the PRBs used for SC-MCCH and SC-MTCH transmission are discussed with the following agreements [2]:
· 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. 

Hence, it can be observed that SC-MCCH can be transmitted over either anchor PRB or non-anchor PRB. Also it is allowed to configure for any SC-MTCH with a PRB that is different from what SC-MCCH used.
Furthermore, in an NB-IoT cell, multiple multicast sessions would be present support several applications. Deploying several multicast sessions over the same PRB would increase the latency of each multicast session, considering the fact that all NPDSCHs can be only TDM multiplexed in one PRB. It is known that during the reception of a multicast session in NB-IoT, other traffic would be impacted, e.g. paging traffic as analyzed in our companion paper [3]. Hence, the increase of the latency to receive a multicast session would impact the user experience. Meanwhile, if the PRB where some SC-MTCH sessions are already deployed is fully loaded, the new SC-MTCH transmission due to a new multicast session should be allowed to transmit from a different PRB. For example, a software update packet with 200kByte size, may occupy several tens of minutes or even more for the corresponding SC-MTCH transmission on a single PRB under 164 dB MCL. And if multiple multicast sessions are deployed simultaneously on the same PRB, the latency of any one of these SC-MTCHs will be quite long.
It is further proposed to allow eNB to transmit SC-MTCH over a PRB which is different from the PRB where another SC-MTCH is transmitting.
Proposal 2: Different SC-MTCHs can be transmitted over different PRBs in NB-IoT.
Similarly, the SC-MCCH can also be transmitted on multiple PRBs. Although the SC-MCCH packet is usually smaller than the SC-MTCH packet, it provides the flexibility for eNB to allow SC-MCCH be transmitted on multiple PRBs. For example, if two PRBs can be used by SC-MCCH, then some of the ongoing sessions’ configuration information can be multicast on one PRB, and other ongoing sessions’ configuration information can be multicast on the other PRB.
Proposal 3: SC-MCCH for different multicast sessions can be transmitted over different PRBs in NB-IoT.
Segmentation of SC-MCCH
In Rel-13 SC-PTM, up to 1024 SC-MTCH transmissions can be configured through SC-MCCH and no segmentation mechanism is needed, due to the fact that the TBS in LTE is large enough. For NB-IoT, there would be not so many SC-MTCH transmissions needs to be transmitted in the NB-IoT cell. In order to provide attractive scalability of NB-IoT SC-PTM, it is proposed that the SC-MCCH packet can be divided into several TBs in physical layer. The maximum number should not be so large as in LTE, as it could become inefficient for NB-IoT since the coverage of NB-IoT devices needs to be extended and limited frequency resource can be utilized by the SC-MCCH transmission.
According to section 6.3.7a in the specification of 36.331 [4], the payload size of SC-MCCH packet can be simply calculated by , where the symbol ‘n’ means the multicast session number configured by SC-MCCH.As Table 1 shows, it can be seen different number of TBs are needed to carry SC-MCCH with different number of multicast sessions  assuming different maximum TBS that NPDSCH in Rel-14 can provide.





Table 1. Number of TBs needed to carry one SC-MCCH packet under different settings.
	Maximum TBS (bits)
	Maximum multicast sessions configured by SC-MCCH

	
	16
	32
	64
	128

	680
	3
	5
	9
	17

	1000
	2
	3
	6
	11

	1256
	2
	3
	5
	9

	2000
	1
	2
	3
	6



Considering the tradeoffs discussed above, it seems that 64 is a good maximum number of multicast sessions  to support in SC-MCCH.
Proposal 4: The maximum number of multicast sessions supported in SC-MCCH is 64. 
Figure 1 shows a candidate solution to support this. During one RP (repetition period) of SC-MCCH, there can be multiple opportunities configured for SC-MCCH DCIs transmission, where each DCI schedules one of the multiple segmentations of the whole SC-MCCH. The example in Figure 1 shows the case where the SC-MCCH needs to be carried by 3 TBs and the RP is equal to .  is the period of search space for SC-MCCH. There are 4 possible opportunities to schedule TBs of SC-MCCH in one RP. UE may need receive all the TB(s) of SC-MCCH to get the whole configuration information for multicast. But considering the low power consumption, UE can stop detecting the DCIs for the residual SC-MCCH TB(s) if it has found the configuration information of the target multicast session.


Figure 1: One example with the SC-MCCH packet carried by 3 TBs.
For UE(s) whose interested multicast session is not ongoing at this moment, it will help their power consumption if they do not need to attempt all the possible opportunities of SC-MCCH DCI(s) until the end of the RP.
Proposal 5: SC-MCCH packet can be carried over multiple TB(s).
Proposal 6: During one SC-MCCH repetition period, UE can stop receiving the SC-MCCH TB(s) if it has found the configuration information of the target multicast session(s).
Conclusion
In this contribution, open issues regarding the configuration of SC-MTCH for NB-IoT are discussed. And several observations and proposals have been made.
Proposal 1: Transmit the configuration information for SC-MTCH through a dynamically scheduled SC-MCCH in NB-IoT.
Proposal 2: Different SC-MTCHs can be transmitted over different PRBs in NB-IoT .
Proposal 3: SC-MCCH for different multicast sessions can be transmitted over different PRBs in NB-IoT.
Proposal 4: The maximum number of multicast sessions supported in SC-MCCH is 64.
Proposal 5: SC-MCCH packet can be carried over multiple TB(s).
Proposal 6: During one SC-MCCH repetition period, UE can stop receiving the SC-MCCH TB(s) if it has found the configuration information of the target multicast session(s).
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