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1
Introduction
In RAN1#80bis, it was proposed that if the UE is configured with UL bundling, PUSCH is based on convolutional coding. This is because convolution coding has better performance than Turbo coding for small transport block sizes. In this contribution, we consider the performance gain and trade-offs for supporting convolutional coding for the PUSCH.

2
Convolution Coding for PUSCH Bundling
Table 1 shows the gain from convolutional coding over Turbo coding. This gain depends on the transport block size with the largest gain of approximately 0.7dB for the smallest transport block size of 16 bits. As the transport block size increases, the gain reduces. Note that at approximately 100 bits, Turbo coding starts to outperform convolutional coding.
Table 1. Gain from convolution coding over Turbo coding.
	TBS
	TBS + CRC (bits)
	Convolutional coding gain over Turbo coding (dB)

	16
	40
	0.7

	24
	48
	0.6

	32
	56
	0.5

	40
	64
	0.5

	56
	80
	0.4

	72
	96
	0.2


From the table, it is seen that there is potentially a saving of up to 20% in the number of repetitions for coverage enhancement. In the uplink, approximately 96 repetitions are required to reach -16.3 dB with MCS5 [4]. For MCS0, the expected number of repetitions is 40. Therefore, if convolutional coding is used, the number of repetitions would reduce to 32 subframes.
However, we must consider the expected payload size for uplink data transmissions. Some example MTC traffic models have been used for analysis – 
· Regular reporting [1] – 1000 or 10000 bits.
· Trigger reporting [1] – 256 bits, 1000 bits.

· Mobile Autonomous Reporting periodic reports [3] - Pareto distribution with minimum payload size of 20 bytes and maximum of 200 bytes.

These payload sizes are substantially larger than the possible transport block sizes and therefore must be segmented. In coverage enhancement, it is better to select large transport block size and perform more repetitions. This would require less M-PDCCH overhead and also to take advantage of Turbo coding gain from larger transport block size.
Even if a small data payload is considered (e.g. 1 byte for traffic sensor reporting), there is still overhead that must be considered. For example, IP overhead is 20 bytes for IPv4 and 60 bytes for IPv6. Even if robust overhead compression is used, it would still consume a few bytes. In addition, there is also MAC and other headers to be added. Therefore, even if the data payload is only 1 or 2 bytes, the actual number of bits to be transmitted at the PHY can be significantly larger.
Furthermore, Table 2 shows the signally overhead to transmit one IP packet pair [3]. From the table, it is seen that the there are not many uplink messages that are smaller than 9 bytes. 
Table 2. Signalling overhead to transmit one IP packet pair (UL + DL) [3].
	Direction
	 Messages
	Bytes (DL)
	Bytes (UL)

	UL
	Preamble
	 
	X

	DL
	Random Access Response
	7
	 

	UL
	RRC Connection Request
	 
	7

	DL
	RRC Connection Setup
	38
	 

	UL
	RRC Connection Setup Complete (NAS Service Request) + BSR
	 
	22

	DL
	Security Mode Command + RLC Status Report
	14
	 

	UL
	Security Mode Complete + BSR
	 
	12

	DL
	RRC Connection Reconfiguration (SRB2 & DRB configuration) + RLC Status Report
	61
	 

	UL
	RRC Connection Reconfiguration Complete + BSR
	 
	12

	UL
	Data Packet  + RLC Status Report
	 
	3

	DL
	Data Packet  + RLC Status Report
	3
	 

	DL
	RRC Connection Release + RLC Status Report
	13
	 

	UL
	RLC Status Report
	 
	3

	 
	Total signaling (Bytes)
	136
	59


Based on the discussion above, it is seen that small data packet size of a few bytes is not typical. For larger packet size, segmentation will be required. Generally, the number of segments should be as small as possible to reduce segmentation overhead and control channel overhead. Also, in coverage enhancement, it is better to adjust the number of repetitions to accommodate as large a transport block size as possible. This would benefit from reduced M-PDCCH overhead and also to take advantage of Turbo coding gain from larger transport block size.
As a result, small transport blocks will most likely not be used due to –

· Few uplink messages (either data payload or signalling) in the range of 16-72 bits.
· For messages requiring segmentation, in enhanced coverage it is better to use large transport block size and more repetitions due to segmentation overhead, M-PDCCH overhead, and potential Turbo coding gain.
Therefore, the gain from supporting convolutional coding is expected to be small. Furthermore, the specification and testing impacts from introducing convolutional coding to PUSCH bundling are significant. It is therefore proposed to keep using Turbo coding for PUSCH bundling.
Proposal: Turbo coding is used for PUSCH bundling for small transport block sizes. 
3
Conclusion
In this contribution, we evaluated the gain from convolutional coding when PUSCH bundling is used. Based on our analysis, the following proposal is made –

Proposal: Turbo coding is used for PUSCH bundling for small transport block sizes. 
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