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Discussion/Decision
1
Introduction
In Rel-12, the followings have been agreed as a working assumption for PUCCH coverage enhancement [1]:

· For UEs in enhanced coverage mode for MTC, 
· No support of repetition of periodic CSI over PUCCH
· FFS: Periodic CSI over PUCCH without repetition
· ACK/NACK on PUCCH is supported. FFS on the configurability of ACK/NACK.
· Dedicated SR is supported but no further optimization beyond PUCCH repetition for SR (e.g. no new formats).
In this contribution, we discuss on the PUCCH support for MTC UE in both normal and enhanced coverage modes.
2
UL signals on PUCCH
The PUCCH has been used for HARQ-ACK, CSI reporting, and scheduling request (SR). In general, HARQ retransmission provides a couple of benefits including time/frequency diversity gain, soft-combining gain, and/or link adaptation gain which may reduce the number of higher layer retransmissions (e.g. RLC retransmission), thus resulting in higher spectral efficiency and/or better resource utilization. Assuming that a coarse link adaption may be enough for a coverage limited UE due to its inaccurate CSI feedback, the benefits of HARQ retransmission seems to become more significant for MTC UE. Given that the HARQ retransmission is used for enhanced coverage mode, it is quite straightforward to use it for MTC UE in normal coverage as well since the same benefit can be enjoyed in normal coverage mode. 
The scheduling request seems to be more important for the MTC UE since it will efficiently reduce the number of random access trials which may take much longer time than an SR transmission and consumes a significant amount of uplink and downlink resources. Therefore, the dedicated SR on PUCCH should be also supported for MTC UE in normal and enhanced coverage mode.

Proposal-1: HARQ-ACK and SR on PUCCH are supported for both normal and enhanced coverage modes for Rel-13 MTC UE. 

The CSI reporting on PUCCH has been used for a periodic CSI feedback which can update the channel status regularly using a minimum uplink resource for better link adaptation. However, for a coverage limited UE, it is questionable that if the CSI feedback accuracy is good enough to use for link adaptation or CE level determination. Since aperiodic CSI feedback still can be triggered anytime and outer loop link adaptation may be used for long-term link adaptation, it seems to be better not to support the CSI reporting on PUCCH to avoid unnecessary battery consumption from the UE in coverage enhancement. 
Proposal-2: CSI on PUCCH is not supported for a UE in coverage enhancement. 
On the other hand, the periodic CSI feedback for an MTC UE in normal coverage could be still useful at an eNB transmitter for better link adaptation since the bandwidth limited UE in normal coverage could have good channel condition and a closed-loop beamforming may be used to increase throughput performance. Since the reporting cycle is configurable by eNB to control the uplink feedback overhead, it may be good to keep the periodic CSI reporting mode for an MTC UE in normal coverage.

Proposal-3: Consider to keep the periodic CSI feedback on PUCCH for MTC UEs in normal coverage. 
3
PUCCH for MTC UE
Assuming that the PUCCH is used for MTC UEs (i.e. MTC-PUCCH) at least for HARQ-ACK and SR, and the legacy PUCCH structure is reused as much as possible, a couple of options can be considered for the MTC-PUCCH resource configuration for the MTC UEs since the legacy PUCCH cannot be used by the bandwidth limited MTC UE as the frequency retuning time is required between the PUCCH PRB-pair with a slot hopping. 
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Figure 1. MTC-PUCCH options
The figure 1 shows the MTC-PUCCH options which may be considered for a PUCCH transmission. The followings are the descriptions of the MTC-PUCCH options, and pros and cons for each options are described in the table 1.

·   MTC-PUCCH option-1: the legacy PUCCH format is used within a reduced bandwidth without the slot hopping in a subframe. The frequency location of the reduced bandwidth for MTC-PUCCH may be hopped across subframes to increase frequency diversity gain if a coverage enhancement is used.

·   MTC-PUCCH option-2: the legacy PUCCH format is reused within a reduced bandwidth with the slot hopping in a subframe. The frequency location of the reduced bandwidth for MTC-PUCCH may be hopped across subframes to increase frequency diversity gain if a coverage enhancement is used.

·   MTC-PUCCH option-3: the legacy PUCCH format is used over two consecutive subframes paired.

Table 1. Pros and Cons for MTC-PUCCH options

	
	MTC-PUCCH option-1
	MTC-PUCCH option-2
	MTC-PUCCH option-3

	Pros
	· Channel estimation filtering across slots in a subframe (better channel estimation accuracy)

· No uplink resource fraction
	· A slight higher frequency diversity gain over option-1

· Minimum specification impact
	· The highest frequency diversity gain among the options (similar as legacy PUCCH)

· No uplink resource fraction

	Cons
	· Frequency diversity gain loss within a subframe

· A slight higher specification impact
	· No channel estimation filtering across slots in a subframe

· Resource fraction if no uplink signal between MTC-PUCCH pair
	· Highest specification impact among the options

· Longer HARQ-ACK transmission duration (i.e. 2ms)

· No channel estimation filtering across slots in a subframe


The figure 2 shows the performance of the MTC-PUCCH options in normal coverage case. As seen in the figure 2, the option 3 shows the best performance at 1% BLER point due to its highest frequency diversity gain. Also, the option-2 performs better than option-2 due to its cross-slot channel estimation gain (i.e. channel averaging over two slots). 
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Figure 2. Performance of MTC-PUCCH options in normal coverage
The figure 3 shows the performance of the MTC-PUCCH options with coverage enhancement using 64 repetitions. The option-1 and option-2 are evaluated with and without frequency hopping of the reduced bandwidth across subframes as it can increase frequency diversity gain when repetition is used. As seen in the figure, the frequency hopping of the reduced bandwidth for the option-1 and option-2 provide roughly 3dB gain at the 1% BLER point. Also, the cross-slot channel estimation of the option-1 provides additional 1dB gain. On the other hand, the option-3 showed a similar performance with the option-2 using the frequency hopping.
From the observation, the option-1 with the frequency hopping of the reduced bandwidth provides the best performance among the options due to its channel averaging gain and frequency diversity gain.
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Figure 3. Performance of MTC-PUCCH options in coverage enhancement (64 repetitions)
Considering the specification impacts and the performance in both normal coverage and enhanced coverage cases, the MTC-PUCCH option-1 with frequency hopping seems to be the proper choice.
Proposal-4: a legacy PUCCH format is reused within a reduced bandwidth without slot hopping in a subframe as an MTC-PUCCH.

Proposal-5: a frequency hopping is used for the MTC-PUCCH across subframes.

4
Conclusion
In this contribution, we discussed on PUCCH for MTC UE in both normal and enhanced coverage cases. From the discussions and observations of the evaluation results, we propose followings:
Proposal-1: HARQ-ACK and SR on PUCCH are supported for both normal and enhanced coverage modes for Rel-13 MTC UE. 
Proposal-2: CSI on PUCCH is not supported for a UE in coverage enhancement. 

Proposal-3: Consider to keep the periodic CSI feedback on PUCCH for MTC UEs in normal coverage. 

Proposal-4: a legacy PUCCH format is reused within a reduced bandwidth without slot hopping in a subframe as an MTC-PUCCH.

Proposal-5: a frequency hopping is used for the MTC-PUCCH across subframes.
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Annex
Table 2. Simulation Assumptions
	Parameter
	Setting

	System bandwidth
	10 MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x1, low correlation

	Channel model
	EPA

	Channel estimation
	Realistic (averaging over time)

	Resource allocation
	1 PRB

	Doppler spread
	1Hz

	Performance target
	1% BLER

	MCS
	5
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Figure 4. Performance of MTC-PUCCH options in coverage enhancement (32 repetitions)
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Figure 5. Performance of MTC-PUCCH options in coverage enhancement (256 repetitions)
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