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1 Introduction
In RAN#72, a new work item on “Enhancements of NB-IoT” was agreed [1].

One major objective of this WID is extending Rel-13 SC-PTM to support multi-cast downlink transmission for NB-IoT. Firmware or software updates and group message deliver are considered as the main use case in the design of multi-cast for NB-IoT.

In this contribution, the reliability of multi-cast transmission in NB-IoT is discussed.

2 Discussion
One major use case for multi-cast in NB-IoT is firmware or software update, which requires high transmission reliability. For a NB-IoT UE, after the multi-cast transmission, reception fail of each part of the original data will cause the fail of the update. The retransmission of the software will waste the network resource, consumption of UE power and additional latency. Thus, transmission reliability of multi-cast is very important for NB-IoT, especially considering the UE power consumption. 
In multi-cast transmission, the basic unit for data delivery from RAN protocol to higher protocol is UDP/IP packet. Thus, the analysis about the reliability of UDP/IP packet transmission in multi-cast of NB-IoT is shown in the following Table 1.
Table 1. The reliability of UDP/IP packet transmission in multi-cast of NB-IoT
	
	NB-IoT
	Legacy LTE

	Multicast data (software update)
	200k octets

	The maximum size of UDP/IP packet
	1500 octets (for Ethernet)

	Total number of UDP/IP packets
	200k/1500=133 UDP/IP packets

	The maximum DL TBS
	680 bits (MCS 4~12) 

256 bits (MCS 0)
	12960 bits (using only 20PRB)

	The number of TBs for each UDP/IP packet
	at least 19 TBs (MCS 4~12)
at least 54 TBs (MCS 0)
	1 TB with high probability

	Assumption of PDSCH BLER
	0.01
	0.01

	Successful ratio of TB transmission 
	0.99
	0.99

	Successful ratio of UDP/IP packet transmission
	0.9919 = 0.826 (MCS 4~12)
0.9954 = 0.581 (MCS 0)
	0.991 = 0.99

	The probability for a UE to receive all multi-cast data
	0.826133=9*10-12(MCS 4~12)
0.581133=4.3*10-32 (MCS 0)
	0.99133 = 0.263


In the analysis in Table 1, a software update with 200k bytes of data is assumed. To satisfy the link requirement of Ethernet, we assume the size of UDP/IP packet is 1500 bytes. In this case, about 133 UDP/IP packets are needed for the software update. 

We can see from Table 1, since the maximum DL TBS of NB-IoT is much less than LTE, the transmission reliability becomes a critical problem in NB-IoT. The reliability of UDP/IP packet transmission is quite low compared to Rel-13 SC-PTM (only 82.6% for MCS 4~12 and 58.1% for MCS 0). 
It is noticed that there are some mechanisms in transport layer or application layer to handle the loss of UDP/IP packets. For example, in the download delivery method of BM-SC, FEC algorithm is used to correct the error caused by the loss of UDP/IP packets. In FLUTE, the basic data unit after FEC is encoding symbol. Generally, the size of each encoding symbol is several kbytes, which is larger than UDP/IP packet of 1500 bytes. During the multi-cast reception, if the encoding symbol loss ratio is smaller than a tolerance threshold, the decoding can be achieved successfully because of the FEC code. If the decoding fails, UEs can require the BM-SC to retransmit the loss encoding symbol by unicast (file repair). However, as far as we know, generally, the tolerance threshold of encoding symbol loss ratio for multi-cast in LTE is only smaller than 5% (at most 10%), which is much lower than the UDP/IP packet loss ratio provides by NB-IoT. Thus, we assume that RAN can’t just leave a UDP/IP packet loss ratio larger than 20% to transport layer or application layer, because:

· FEC code causes additional cost of radio resource (for FEC coding) and UE complexity, which increase with the code rate. 
· If the decoding fails, retransmission of at least the UDP/IP packet also cost lots of resource and causes additional power consumption for UEs [2].
Proposal 1:  The transmission reliability of UDP/IP packets for SC-PTM needs to be improved within RAN side.
Therefore, it is proposed to introduce the retransmission mechanism for multi-cast in RLC layer. After the multi-cast transmission, UEs who have missed RLC PDUs can initiate a RA to feedback related information to eNB. eNB can retransmit the missed RLC PDUs to corresponding UEs by unicast according to the feedback. At the UE side, UE can receive the missed RLC PDUs in multi-cast transmission by unicast. In this case, since the missed RLC PDUs are retransmitted by unicast, the reliability same as unicast can be achieved.
The feedback in RLC layer can allow eNB only retransmit the lost RLC PDUs to corresponding UEs. If the BLER of NPDSCH can be reduced to 0.01 as we assumed in Table 1, for multi-cast packet of 200k bytes, average number of the lost RLC PDUs is only about 20 for each UE under bad coverage. Thus, compared to the unicast retransmission in transport layer or application layer, the radio resource waste and the UE power consumption can be reduced. Or even more, the proposed retransmission in RLC layer can be used together with the application layer mechanism. There are two possible issues need to be considered to support feedback and unicast retransmission in RLC layer.
· Feedback overhead: the major cost of feedback is the RA procedure. However, for UEs to require the BM-SC to retransmit the missed encoding symbol, a RA procedure is needed also. Thus, compared with the file repair in transport layer or application layer, feedback in RLC layer causes no additional power consumption.
· Congestion of feedback: after the end of multi-cast transmission, there may be a large number of UEs who have missed RLC PDUs to initiate RA and feedback to eNB. To avoid RA congestion of a large number of UEs, a random based mechanism can be used. For example, a UE who needs to feedback can choose a random time between 0 and a configurable value to initiate RA procedure after the multi-cast transmission. 
Proposal 2:  The feedback mechanism in RLC layer is introduced for multi-cast in NB-IoT to allow eNB to retransmit the missing RLC PDUs to UE by unicast after the multi-cast transmission. 
3 Conclusion

This paper focus on the reliability of multi-cast transmission in NB-IoT. The corresponding proposals are listed below. 
Proposal 1:  The transmission reliability of UDP/IP packets for SC-PTM needs to be improved within RAN side.
Proposal 2:  The feedback mechanism in RLC layer is introduced for multi-cast in NB-IoT to allow eNB to retransmit the missing RLC PDUs to UE by unicast after the multi-cast transmission. 
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