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1. Introduction 
This contribution evaluates whether the number of maximum repetitions specified for the PUCCH channel for eMTC in CE Mode B is sufficient to meet the targeted MCL.
2. Discussion
One of the main objectives of the Rel-13 eMTC WI [1] was to extend the coverage for Cat-M1 devices by 15 dB relative to that of Cat-1 UE in LTE for FDD, which translates to a targeted MCL of 155.7 dB.  Repetitions was one of the main methods specified to extend the coverage and for PUCCH, the number of repetitions specified in CE Mode B are {4, 8, 16, 32}.  

Link level simulation on the PUCCH repetition is performed using the assumptions summarised in Table 1 of the Appendix.  Figure 1 shows the PUCCH repetitions and the corresponding SNR at 1% BLER and Figure 2 shows the corresponding MCL.  It can be observed that at the maximum number of repetitions of 32, the achievable MCL is 156.7 dB, which meets the WI objectives with only 1 dB of margin.  Typically, implementation margin of 3 to 4 dB is added to ensure that the performance achieves the target in an implementation and over a range of channels observed in the field.  In contrast for PRACH, the maximum repetition is 256, which provides ample implementation margin.  Furthermore the simulation assumes perfect timing and CFO of 30 Hz which can be higher in reality.  Hence, additional PUCCH repetitions should be added to provide this margin and here we suggest that the repetition for CE Mode B should be extended to 128.
Observation 1: The maximum repetitions for PUCCH offers only 1 dB implementation margin.

Proposal 1: The set of possible PUCCH repetitions for CE Mode B is extended to 128, i.e. {4, 8, 16, 32, 64, 128}
Proposal 2: Send an LS to RAN2 to ask them to extend the PUCCH repetitions for CE Mode B to include 64 and 128.
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Figure 1: PUCCH repetitions against SNR at 1% BLER
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Figure 2: PUCCH repetitions against MCL at 1% BLER

3. Conclusion

In this contribution evaluated the PUCCH repetitions specified for Rel-13 eMTC and we observe the following.

Observation 1: The maximum repetitions for PUCCH offers only 1 dB implementation margin.

We therefore propose the following:

Proposal 1: The set of possible PUCCH repetitions for CE Mode B is extended to 128, i.e. {4, 8, 16, 32, 64, 128}
Proposal 2: Send an LS to RAN2 to ask them to extend the PUCCH repetitions for CE Mode B to include 64 and 128.
4. Appendix (Simulation Assumptions)

Simulation assumptions on PUCCH channel is summarised in Table 1.

Table 1: PUCCH simulation assumptions
	Parameters
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Antenna configuration
	1x2

	Channel model
	ETU 1Hz

	Frequencytracking error
	30 Hz

	Channel estimation
	Cross subframe

	Frequency hopping
	Hop every 16 subframes

	UE Tx Power
	20 dBm

	Receiver noise figure
	5 dB

	Thermal noise density
	-174 dBm/Hz

	Occupied channel bandwidth
	180 kHz
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