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

· For low complexity  MTC UEs in normal coverage, at least when PUCCH resource is configured
· ACK/NACK and SR over PUCCH is supported 
· Periodic CSI feedback over PUCCH is supported

· For UEs operating in enhanced coverage, at least when PUCCH resource is configured
· HARQ-ACK and SR over PUCCH is supported 
· FFS: Whether ACK only is transmitted or NACK only is transmitted or both ACK/NACK are transmitted
· For Rel-13 low complexity MTC UEs,
· For PUCCH structure 
· FFS: Slot-based frequency hopping within a narrow band
· FFS: How to derive PUCCH resource 
· FFS: Configuration of additional PUCCH frequency resources is not mandatory for support of LC/CE UEs in a cell

· FFS on the details
· For UEs operating in enhanced coverage
· Repetition of PUCCH across multiple subframes is supported 
· Frequency hopping is supported for PUCCH repetition
· FFS on specific hopping pattern

· FFS on configurability of frequency hopping

In this contribution, we provide our view on the physical control channels for MTC. 
2. UL Control Channel Design 

In RAN WG1 #80b, repetition of PUCCH across multiple subframes was agreed. In the current LTE specification, PUCCH resources are frequency hopped within a slot, so that PUCCH is configured with one resource block at the edge of system bandwidth in each of the two slots in a subframe. For a narrow-band eMTC UE, this configuration cannot be held across wideband, and we propose the following modifications. 

Slot-based frequency hopping within the assigned narrowband is a possible solution to provide diversity for an eMTC UE, as it was proposed in RAN1#80b meeting as FFS. Even though slot-based frequency hopping can provide some diversity gain within 6 PRB, it does not allow channel estimation averaging within a subframe, which can be critical at least for link budget limited users with large coverage. Furthermore, it may introduce uplink resource fragmentation. 

Proposal 1: No support of slot-based frequency hopping within a narrow band
Proposal 2: Support PUCCH bundling where frequency location is fixed during X consecutive sub-frames
Also in Ran1 #80b, it was agreed to support frequency hopping for PUCCH repetition. To achieve the maximum diversity gain, we propose hopping at the edges of the system bandwidth, where frequency location should be switched every Y consecutive subframes, where Y is equal to or larger than bundle burst X, assuming re-tuning time is included in Y.
Proposal 3:  Support PUCCH bundling and frequency hopping for ACK/NACK, where hopping occurs at the edge of system bandwidth after retuning.
We propose the eMTC UE in extended coverage and the legacy UE both use PUCCH regions at the edge of system bandwidth. Since legacy UE still performs slot-based frequency hopping, which can introduce interference to eMTC UE if they share the same PRB. To avoid this interference, we propose to have different PUCCH regions for these UEs. 
Proposal 4:  Schedule normal UEs in different PUCCH regions from eMTC UEs in extended coverage

Figure 1 shows an example of how bundling and frequency hopping is done for PUCCH resources assigned to eMTC UEs. In this example, it is assumed that Mlegacy RBs are assigned to the legacy UEs.
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Figure 1- An example of bundling and frequency hopping for PUCCH resources assigned to eMTC UEs.
To allow the frequency allocation shown in Figure 1, we propose mapping downlink narrowbands to uplink PUCCH regions accordingly. 

Proposal 5:  Mapping DL narrowband region to UL PUCCH resources

3. UL Control Channel Performance 

Figure 2 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, frequency hopping for improved frequency diversity further boosts the performance. 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 2- ACK Error rate for PUCCH with bundling and frequency hopping.

Table 2 Uplink control signal link budget vs different bundle size
	Bundle-Size
	1
	2
	4
	16
	32
	64

	Req. SINR
	-5.5
	-11
	-14
	-20
	-22
	-26

	MCL
	141.94
	147.44
	150.44
	156.44
	158.44
	162.44


4. Summary
In this contribution we presented our views on the techniques for physical control channels. We make the following proposals for MTC UE in enhanced coverage:

Proposal 1: No support of slot-based frequency hopping within a narrow band at least for large bundle size
Proposal 2: Support PUCCH bundling where frequency location is fixed during X>1 consecutive sub-frames

Proposal 3:  Support PUCCH bundling and frequency hopping for ACK/NACK, where hopping occurs at the edge of system bandwidth after retuning.

Proposal 4:  Schedule normal UEs in different PUCCH regions from eMTC UEs in extended coverage

Proposal 5:  Mapping DL narrowband region to UL PUCCH resources
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