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One of the objectives for the work item [1] is the narrowband support for multicast.
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, the necessity for the feedback of SC-MTCH transmission in NB-IoT is discussed.
Discussion
Number of TBs carrying one UDP/IP packet
According to [2] and [3], the transmission for MBMS data streams over M1 is a UDP/IP based transport and the UDP/IP packet is delivered to RLC directly. Each UDP/IP packet will be split into several TBs. As Table 1 shows, in Rel-13 SC-PTM, a UDP/IP packet can be carried by only one TB with a high probability since the DL TBS is big enough. While even in the best case of Rel-13 NB-IoT (i.e. the TBS of 680 bits is used for multicast), an UDP/IP packet needs to be carried by 19 TBs. This would be reduced when a larger TBS is introduced in Rel-14, if it is applicable to SC-PTM, but the basic problem still exists.
[bookmark: OLE_LINK1]Table 1. Numbers of TBs for software update
	　
	NB-IoT
	Legacy LTE

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

	The maximum DL TBS (including 2 octets RLC header and 2 octets MAC header)
	680 bits
	12960 bits (using only 20PRB, LTE supports up to 110PRB)

	The number of TBs for each UDP/IP packet using maximum TBS
	19
	1



Observation 1: One UDP/IP packet will be carried by many TBs on NPDSCH in NB-IoT.
BLER of UDP/IP packet
Since a UDP/IP packet is carried by more than one TB in NB-IoT, the success rate of one UDP/IP packet, and the rate that all TBs carrying this UDP/IP packet are received successfully by UEs, will be decreased accordingly. For example, if the BLER of one TB is ~10%, then the error probability of a UDP/IP packet which includes 19 TBs is about , which is much higher than the BLER of one TB. But in LTE, the success probability of receiving a UDP/IP packet is almost the same as the success probability of receiving any TB.
	BLER of TB
	Error probability of UDP/IP packet
	Success rate of UDP/IP packet

	10%
	86.5%
	13.5%

	1%
	17.4%
	82.6%

	0.10%
	1.9%
	98.1%



Observation 2: The error probability of a UDP/IP packet in NB-IoT is much higher than the BLER of its component TB(s).
Feasibility of physical layer HARQ for SC-PTM
If physical layer HARQ mechanism is adopted in NB-IoT SC-PTM, all the UEs who are interested in the SC-PTM traffics should report whether they have successfully received the TBs of the corresponding SC-MTCH. There will be several problems if this is introduced.
Since SC-MTCH is transmitted to a group of UEs, where the exact number of UEs is unknown. And both SC-MCCH and SC-MTCHs are multicast for all UEs. It is not practical to let the UEs feedback on dedicated UL physical resources. 
Another way is all UEs who are receiving one SC-MTCH transmit a signal/sequence over a common physical resource. eNB can detect the energy over the physical resource. However, in this case, the eNB can only know whether one specific TB is received successfully by a large number of UEs. eNB cannot know the decoding results of each specific UE. And this kind of information is not very useful for eNB decisions to retransmit a multicast in the unit of TB, which is shown in section 2.4. For example, even there are only 100 UEs, the probability they all successfully received a specific TB is . This means there will be always some UEs failed to receive this TB, and energy feedback will not provide any information to eNB.
So it is proposed to not introduce any feedback mechanism in physical layer for SC-PTM in NB-IoT.
Proposal 1: Do not introduce physical layer HARQ for NB-IoT SC-PTM.
Overhead of retransmission for multicast
There are essentially two kinds of retransmission strategy for multicast.
Option 1: Retransmission with a unit of one UDP/IP packet – meaning that eNB should retransmit the whole UDP/IP packet to a UE if the UE has unsuccessfully received any TBs belonging to this UDP/IP packet.
Option 2: Retransmission with a unit of one TB – meaning that eNB can just retransmit to a UE the TB(s) which the UE has failed to receive.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Option 2 can let eNB finish the retransmission for multicast with a lower overhead than option 1, since only the needed TBs are retransmitted to UE. Taking an example that the BLER of one TB is 10% and one UDP/IP packet is carried by 19 TBs. According to option 1, the expectation for the number of TBs that eNB needs retransmit to a UE can be calculated by:  (TBs). While for option 2, the expectation for the number of TBs that eNB needs retransmit to a UE can be calculated by:  (TBs). More results based on different BLER targets of one TB can be found in Table 2. Generally, the retransmission strategy based on option 2 can save about 88% ~ 95% resource compared with the retransmission strategy in option 1.
Table 2. Comparison of retransmission overhead (normalized with number of TB(s)) between two retransmission strategy (for one UE and one UDP/IP packet)
	　
	Retransmission strategy
	　

	BLER of one TB
	Retransmission with unit of one UDP/IP packet
	Retransmission with unit of one TB
	Reduced overhead of option 2 over option1

	10%
	16.4
	1.9
	88%

	1%
	3.30 
	0.19
	94%

	0.10%
	0.358
	0.019
	95%



Observation 3: Retransmission with a unit of one TB can save ~90% of the resource used by retransmission with a unit of one UDP/IP packet.
Based on Observation 3, a feedback mechanism should be provided to support the retransmission with the unit of TB. However, according to the analysis in section 2.3, the feedback mechanism in HARQ is not practical in physical layer. Hence, a higher layer feedback mechanism should be provided in NB-IoT SC-PTM for reliable multicast transmission.
Proposal 2: A higher layer feedback mechanism should be provided in NB-IoT SC-PTM for reliable multicast transmission.
Conclusion
In this contribution, the feedback issue for SC-MTCH transmission is analyzed. And several observations and proposals have been made.
Proposal 1: Do not introduce physical layer HARQ for NB-IoT SC-PTM.
Proposal 2: A higher layer feedback mechanism should be provided in NB-IoT SC-PTM for reliable multicast transmission.

Observation 1: One UDP/IP packet will be carried by many TBs on NPDSCH in NB-IoT.
Observation 2: The error probability of a UDP/IP packet in NB-IoT is much higher than the BLER of its component TB(s).
Observation 3: Retransmission with a unit of one TB can save ~90% of the resource used by retransmission with a unit of one UDP/IP packet.
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