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1
Introduction
The Rel-14 WI for further enhanced eMTC has been approved in RAN#72, which includes introduction of Rel-13 SC-PTM to support multicast downlink transmission (e.g. firmware or software updates, group message delivery). The corresponding target below has been agreed as one of objectives of the enhancement in Rel-14 FeMTC: 
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 will discuss the high reliability issue for SC-PTM in FeMTC. 
2
Discussion
2.1
Protocol for SC-PTM transmission
According to the existing protocol, the transmission for MBMS data streams over M1 is based on UDP/IP and the UDP/IP packet will be delivered to RLC layer directly, as shown in Fig. 1. Each UDP/IP packet will be carried by several TBs in physical layer.
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Fig.1 Protocol for SC-PTM transmission
2.2
Successful ratio of SC-PTM transmission in FeMTC

Based on the above protocol for SC-PTM transmission, we assume that multicast data for update is 200k octets, and the maximum size of UDP/IP packet is 1500 octets. In physical layer, the typical BLER of PDSCH is 0.1 based on the current MCS and reliability. Even though more resource is assigned for PDSCH transmission to achieve some enhancement in RAN1, the PDSCH BLER would be not less than 0.01.
Based on these assumptions, the successful ratio of software update for eMTC UEs is calculated and shown in the following Table 1.

Table 1 Successful ratio of software update for a UE
	
	FeMTC
	Legacy LTE

	The size of 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 (including 2 octets RLC header and 2 octets MAC header)
	936 bits (MCS 9 or10)
152 bits (MCS 0)
	12960 bits (using only 20PRB, LTE supports up to 110PRB)

	The number of TBs for each UDP/IP packet
	at least 14 TBs (MCS 9/10)

at least 100 TBs (MCS 0)
	1 TB with high probability

	Assumption of PDSCH BLER
	0.01
	0.01

	Successful ratio of TB transmission in PHY layer (if RAN1 improves the BLER by more repetitions)
	0.99
	0.99

	Successful ratio of UDP/IP packet transmission
	0.9914 = 0.869 (MCS 9/10)
0.99100 = 0.366 (MCS 0)
	0.991 = 0.99

	The probability for a UE to receive all multicast data
	0.869133=7.76*10-9 (MCS 9/10)
0.366133=2.23*10-44 (MCS 0)
	0.99133 = 0.263


It can be observed from Table 1, in the best case of eMTC (i.e. the TBS of 936 bits is used for multi-cast), an UDP/IP packet needs to be carried by 14 TBs in physical layer. Then the reliability of UDP/IP packets transmission is quite low (only 86.9%) as much larger number of TBs are needed than LTE. In the case that UEs in bad coverage (e.g. MCS 0 is used to guarantee the coverage of cell-edge UEs and the maximum TBS is only 152 bits), and UDP/IP packet needs to be carried by 100 TBs in physical layer. After that, the successful ratio of receiving the entire software data decreases rapidly. Since any missing TB will lead to the failure of software update, the success of software update for a UE is almost impossible. Thus, in each round of SC-PTM transmission, there is almost no UE can successfully receive the SC-PTM service.
Observation1: since the smaller TBS is used in eMTC for SC-PTM, there is almost no UE can successfully receive the SC-PTM service. 
If FEC code is introduced, we assume it can correct 20% error in application layer (even though it is very hard to be achieved). It means that the successful ratio of FEC block transmission should be larger than 80%, so that FEC algorithm can work well. For example, we assume the FEC block size is 4k bytes, which will be divided into 3 UDP/IP packets. Then, using the similar analysis above, in order to make SC-PTM work well in FeMTC, the successful ratio of UDP/IP packet transmission should be larger than 0.928 (0.9283^3 = 0.8). For the best case with TBS of 936 bits and MCS level of 9 or 10, the physical layer reliability (successful ratio of TB transmission) should be at least 0.995 (0.995^14 = 0.9283), which is impractical to use repetition in FeMTC to target 0.5% BLER. Therefore, it is still a critical problem to be solved to support SC-PTM service for FeMTC even though FEC code is introduced.
Observation2: It is still a critical problem to be solved to support SC-PTM service for FeMTC even though FEC is introduced. 
According to above analysis, we proposal to introduce some solution e.g. retransmission, to solve the problem.

Proposal 1: some RAN layer solutions need to be considered to solve the reliability problem.
2.3
Potential solutions to achieve high reliability

Taking into account the Observations above, in order to solve the problem, there are several solutions as following that are worth considering.
· Option1: HARQ-like mechanism in physical layer
· eNB can allocate a common resource for feedback for all UE that performs feedback;

· Only NACK is needed for feedback;

· eNB can perform retransmission by unicast with dynamic scheduling.

· Option2: ARQ-like mechanism in RLC layer
· Sequence Number (SN) will be reused and needs to be extended; 

· After the whole SC-PTM service over, the UE losing some packets needs to establish connection with eNB for retransmission via unicast.

Additionally, the brief analysis on solutions for retransmission can be found in Table 2.
Table 2 Brief analysis on solutions for retransmission
	Solutions
	Pros
	Cons

	Option 1: HARQ-like mechanism in physical layer
	If UE CSI reporting is enabled for SC-PTM, the network could transmit the SC-PTM services with appropriate MCS and transmission power. Then both power efficiency and spectral efficiency will be achieved.

No need to retransmit the whole TB, and only some additional repetitions are needed, which will improve power efficiency and radio resource efficiency.
	The UEs interested in SC-PTM reception needs to be in RRC_CONNECTED mode for feedback. 
Feedback mechanism and retransmission scheduling needs to be designed.



	Option 2: ARQ-like mechanism in RLC layer
	The eNB only needs to send the necessary lost TBs to the UE via unicast. Therefore, compared with the application layer retransmission, the re-transmitted TBs will decrease rapidly and the resource efficiency and power efficiency will increase.

	If there are a large number of UEs that just lost few TBs, after the multi-cast session is over, a large number of UEs will trigger unicast retransmission which inevitably results in significant signalling overhead and power consumption.
It may waste of resource if some UE in extended coverage mode only need an additional and small number of repetitions for SC-PTM decoding but need to wait for retransmission of the whole transport block.


Taking the analysis above into consideration, obviously, in terms of power efficiency and spectral efficiency, Option1 is superior to Option2. Therefore, we prefer Option1 for achieving high reliability for SC-PTM in FeMTC. Additionally, if HARQ is agreed in RAN1 to improve the transmission reliability, the reception of SC-PTM in RRC_CONNECTED mode needs to be supported in FeMTC.
Proposal2: HARQ-like approach can be introduced for the retransmission of the lost data to improve the radio resource efficiency and reduce UE power consumption.
3
Conclusion
In this contribution, we first observed that 
Observation1: since the smaller TBS is used in eMTC for SC-PTM, there is almost no UE can successfully receive the SC-PTM service. 

Observation2: It is still a critical problem to be solved to support SC-PTM service for FeMTC even though FEC is introduced. 
Then, we proposed that

Proposal 1: some RAN layer solutions need to be considered to solve the reliability problem.

Proposal2: HARQ-like approach can be introduced for the retransmission of the lost data to improve the radio resource efficiency and reduce UE power consumption.
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