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1. Introduction
In RAN1#80, the following agreements were reached: 
Agreement:

· Consider simplified channel feedback for MTC power savings at least for coverage enhanced MTC UEs

· No support of periodic CSI measurement and feedback for UEs in need of large coverage enhancement

In this contribution, we provide our view on the physical control channels for MTC. 

2. Physical Control Channels
The following aspects are considered for physical control channels:
· Narrowband operation: 

· Both DL and UL control have to be narrowband within 6 RBs. 
· The location of the narrowband can be indicated by the network with retuning from the center 6 RBs. 
· Half duplex operation: 

· Half duplex operation should be supported, such that no simultaneous DL and UL channels.
· This allows more efficient RF implementations, e.g. on chip PA and elimination of duplexer. 

· Support TTI bundling for ACK on PUCCH:

· The bundle size can be determined based on the link budget improvement needs

· For low target DL error, only send NACK to save power and eliminate the need for PUCCH ACK. 
· Support enhanced persistent scheduling:

· For applications with fixed payload, persistent scheduling can be configured at the start of the communications. 

3. UL Control Channel Design and Analysis

The MTC signal design for the uplink control channel is similar to the downlink control channel. The PUCCH on a 1 RB is repeatedly transmitted across multiple subframes (e.g., 32 subframes). A UE combines across subframes for decoding. Bundled channel estimation across multiple subframes significantly improves the performance. Frequency hopping for improved frequency diversity further boosts the performance.
Figure 1 shows the simulation results. UCI Format 1a is used in the simulation and the ACK detection error probability (i.e., an ACK signal is detected as DTX or NAK) is plotted. The transmission of the PUCCH is repeated across consecutive subframes over the EPA 5 Hz channel, with two receive antenna at the receiver. The ACK false alarm is less than 1%. The link budget is listed in Table 2. For the results in Table 2, for example, 32 transmissions are bundled into two groups, each of size 16, and transmitted on the two edges of the 10 MHz system band; channel estimation is averaged over 16 subframes. UE Tx power is 20dBm and eNB Noise Figure is 5dB.
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Figure 1
Table 2 Uplink control signal link budget vs. different bundle size
	Bundle-Size
	1
	2
	4
	16
	32
	64

	Req. SINR(dB)
	-5.5
	-11
	-14
	-20
	-22
	-26

	MCL(dB)
	141.94
	147.44
	150.44
	156.44
	158.44
	162.44


Note that even transmit just one bit ACK, it requires at least 32 bundled transmission. For CQI transmission, the bundle length will be significantly larger. Given that for most of the applications with such deep coverage requirement, the devices are stationary, so the need for periodic channel state feedback is questionable.  We propose to feedback channel only when there is significant change in the channel conditions, and this feedback can be sent on PUSCH similar to today’s BSR or PHR report. 
4. Summary
In this contribution we presented our views on the techniques for physical control channels. We make the following proposals:

Proposal 1:

No support of PUCCH for CQI with large bundle size. 

Proposal 2: 

FFS for the support of PUCCH for ACK with large bundle size
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