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1. Introduction
In RAN1#79, the following agreements were reached: 
Agreements:
· The coverage enhancement targets for non Rel-13 low complexity UE are:

· For FDD, the target MCL is 155.7 dB.

· For TDD, the target MCL is 155.7 dB [for UL-DL configuration 1].

· RAN1 has discussed the coverage enhancement targets for Rel-13 low complexity UEs and agreed to target the same MCL as for other UEs.

· This means that some channel(s) may need to be enhanced more than 15 dB.

· The target is set under the assumption that this doesn’t require significant additional work compared to targeting only up to 15 dB.

· The above targets are assuming that the maximum UE transmission power P [dBm] of the new UE power class is ≥20 dBm.

· Working assumption: If RAN4 agrees that P < 20 dBm, the target uplink MCL for the new UE power class is reduced correspondingly to 155.7 - (20 - P) dB.

· When applicable, the MCL targets are valid under the assumptions in TR 36.888 subclauses 5.2 and 5.2.1.2

· The reference system has 10 MHz system bandwidth and no power boosting

Agreement:
· Legacy PCFICH, PDCCH and PHICH are not received by Rel-13 low complexity UEs at least for system BW>1.4MHz

· CFI where the UE can start control/data reception is provided by one of following alternatives

· Alt. 1: Signaling in MIB

· Alt. 2: Signaling in SIB

· CFI is a fixed value predefined in the specification at least for PDSCH for at least part of system informations

· Alt. 3: Fixed in a specification for all subframes

· Note: RAN1 will conclude it among above 3 alternatives in RAN1 #80 meeting

· At least for unicast channel,

· For the ‘Physical downlink control channel for MTC’ for Rel-13 low complexity UEs and UEs in enhanced coverage,

· Strive to reduce active transmission/reception time by considering the DCI size

· UE monitoring of multiple ‘Physical downlink control channel for MTC’ decoding candidates and/or one or more repetition level(s) is supported at least for the UE-specific search space

· FFS: whether RS for ‘Physical downlink control channel for MTC’ is based on DMRS, CRS or both

· Working assumption: For enhanced coverage UEs, one ‘Physical downlink control channel for MTC’ containing one DCI is allowed to be mapped to fully occupy available REs in 6 PRB pairs

· FFS: SIB/RAR/Paging operation without ‘Physical downlink control channel for MTC’ for Rel-13 low complexity UEs and UEs in enhanced coverage

· FFS: Common search space of ‘Physical downlink control channel for MTC’ for Rel-13 low complexity UEs and UEs in enhanced coverage

Agreement:
· At least for unicast PDSCH transmission scheduled by ‘Physical downlink control channel for MTC’, cross-subframe scheduling is supported at least for Rel-13 UE supporting enhanced coverage

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 both DL and UL for coverage enhancements:

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

· Support enhanced persistent scheduling:

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

· Support new control channel MPDCCH, which is similar to EPDCCH but more optimized for MTC applications. 

· For UEs in TTI bundled mode, support cross subframe scheduling. Bundled PDSCH can start after the bundled MPDCCH. 

3. DL Control Channel Design and Analysis
For MTC, we propose to use control channel based on EPDCCH design. 

The EPDCCH uses two precoders (using AP 107 and AP 109) for transmission. The transmission is bundled across multiple subframes (e.g., 32 subframes). A UE combines multiple subframes for decoding and can stop decoding when the decoding is successful. 
Two channel estimation schemes were simulated. In the first scheme, the precoders were randomly selected across RBs and subframes. Channel estimations are based on DM-RSs on AP 107 and AP 109 (no bundling). In the second design (preferred), a fixed pair of precoders are used for all RBs during the transmission, allowing for improved channel estimation across all RBs of the current subframe, as well as the adjacent ones if present. 
These results show a clear advantage of using fixed precoding to allow averaging across all RBs of current and adjacent subframes when performing channel estimation. In this simulation, the EPDCCH consists of 16 ECCEs (aggregation level 16) transmitted on 4 RBs of a 6 RB bandwidth. A fixed pair of orthogonal precoders are used for all RBs during the transmission. Bundled channel estimation uses the DM-RSs of the current subframe and the previous one (a total of 12x4x2=96 DM-RS symbols per channel estimation). The transmission of the EPDCCH is repeated across 32 consecutive subframes over the EPA 5 Hz channel, with one receive antenna at the receiver. Note that the current link analysis assumes the same DM-RS tone density as regular EPDCCH. At low SNR region, where large bundling sizes are needed, there is additional gain when introducing additional DM-RS tones. Further study is needed to identify potential enhancements of reference signal design for MTC control channels based on EPDCCH. 
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Frequency hopped ePDCCH, Link budget

We further consider frequency hopping to help improve frequency diversity. In the simulation, 32 bundled EPDCCH transmissions are bundled into two groups and transmitted on the two edges of the 10 MHz band. It can be seen that a frequency diversity gain of 1.5 dB is obtained. Table 1 lists the link budget.
Table 1 Downlink control channel link budget with 32 bundled EPDCCH
	Tx Power
	System Bandwidth
	Thermal Density
	Noise Figure
	Signal Bandwidth
	Rx SNR
	Receiver Sensitivity
	MCL

	46 dBm
	50 RBs
	-174 dBm/Hz
	9 dB
	4 RBs
	-17 dB
	-122 dBm
	157 dB


4. 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 6 RBs 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.
The following figure 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 32 consecutive subframes over the EPA 5 Hz channel, with two receive antenna at the receiver. The ACK false alarm is less than 1%. 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 eight subframes. The link budget is listed in Table 2.
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Table 2 Uplink control signal link budget with 32 bundle size:
	Tx Power
	System Bandwidth
	Thermal Density
	Noise Figure
	Occupied Bandwidth
	Rx SNR
	Receiver Sensitivity
	MCL

	20 dBm
	50 RBs
	-174 dBm/Hz
	5 dB
	1 RB
	-22 dB
	-122 dBm
	158 dB


Note that even transmit just one bit ACK, it requires 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. 
5. Summary
In this contribution we presented our views on the techniques for physical control channels. We make the following proposals:

Proposal 1:

MTC control channel (MPDCCH) is based on ePDCCH with potential enhancements on reference signal and precoding design. 
Proposal 2: 

Consider distributed MPDCCH with fixed (orthogonal) precoding for MTC. 
Proposal 3: 
FFS support of bundled PUCCH for ACK. 
Proposal 4:

Do not support bundled PUCCH for CQI. Channel state feedback can be transmitted as MAC control element together with PUSCH similar to BSR or PHR report. 
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