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1. Introduction
In RAN1#82b, the following agreements were reached: 
Agreement:

· LC/CE UE is not expected to be configured with non-contiguous UL resource allocations, and simultaneous PUCCH and PUSCH
Continue discussion offline, including the following:

· For the subframes where PUSCH repetition and PUCCH repetition overlaps, one option is selected:

· If full overlap:

· Option 1: ACK is multiplexed with PUSCH 

· Option 2: Drop PUSCH

· If partial overlap:

· Option 1: Drop PUSCH during overlap portion

· Option 2: Drop the later channel

· Option 3: ACK is multiplexed with PUSCH on overlapped subframes
· PUCCH resource determination for PUCCH under repetitions 

· The same PUCCH resources are used within each subframe of a PUCCH repetition within a narrowband

· In case of hopping, FFS how to determine the subsequent narrowband and the resource index for the subsequent narrowband
· For LC UEs and UEs operating CE, PUCCH formats 1/1a/2/2a are supported, and the PUCCH resource is derived the same way as in LTE Rel-12, except the following:

· The detailed implicit resource derivation for PUCCH format 1a is FFS

· FFS ARO for large CE

· FFS PUCCH format 1a under large CE

· FFS the association of the PUCCH formats with the CE mode

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

Figure 1 shows an example of how legacy UEs and eMTC UEs are mapped to different PUCCH regions before and after frequency hopping. The entire PUCCH region are divided into different sub-regions for UEs with different coverage enhancement levels. eNB can configure the sub-regions to be separate or overlap with each other by setting the resource offset parameters. Because measurement for eMTC UEs with large coverage enhancement can be inaccurate at very low SNR, accurate power control will be difficult. To better control intra-eNB interference, eNB may also configure each sub region to have their own 
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 . eMTC UEs with no coverage enhancement has similar power to legacy UEs and should not be precluded from multiplexing with legacy UEs in the same PRBs. We therefore have following proposals.
Proposal 1:  Schedule legacy UEs in different PUCCH sub-regions from eMTC UEs in extended coverage. The PRBs of each sub-region could be interlaced.
Proposal 2:  An implicit mapping function between  
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   and coverage level to enable possiblely different 
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value for different PUCCH sub-regions. 
Proposal 3: Should not to preclude possibility of multiplexing of legacy users with eMTC users in the same PRB 
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Figure 1- An example of bundling and frequency hopping for PUCCH resources assigned to eMTC UEs.
To achieve the maximum diversity gain, we propose frequency 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. For UEs with coverage enhancement i.e., bundling, to avoid constant collision and therefore reduce interference from both intra-eNB UEs and inter-eNB UEs, we have the following proposals. 
Proposal 4:  A cross-subframe resource index hopping pattern to randomize intra-eNB interference. The mapping from resource index to orthogonal cover and shift indices can reuse the current spec.

Proposal 5: A cross-burst frequency hopping pattern to randomize PRBs in the entire PUCCH region to avoid constant inter-eNB collision, where hopping occurs at the edge of system bandwidth after retuning.
For many MTC applications, the devices are stationary. As a result, the channel state information does not change rapidly. Furthermore, the packet size is small and required data rate is low, therefore, there is no strong need to provide accurate channel state information. Frequent channel state information measurement as well as feedback can be very energy consuming.  We therefore has the following proposals:

Proposal 6: Don’t support bundling of periodic or aperiodic PUCCH CQI for large coverage enhancement UEs. 
The coverage enhancement level should be linked to other uplink channels e.g., PRACH or PUSCH. PRACH should always go through before any other uplink channels. Therefore, before PUSCH is scheduled, the CE level of PUCCH can be based on PRACH. Otherwise, it can be based on the CE level of PUSCH. Since the frequency resources and payload sizes are different between PUCCH and other uplink channels, the required repetition number could also be different. There should be pre-determined mapping functions to map the repetition number of PRACH or PUSCH to that of PUCCH. 
Proposal 7:  PUCCH coverage enhancement level should be determined based on other uplink channels e.g., PRACH or PUSCH. The repetition number of PUCCH and that of PRACH or PUSCH should have a pre-determined mapping function.

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:  Schedule legacy UEs in different PUCCH sub-regions from eMTC UEs in extended coverage. The PRBs of each sub-region could be interlaced.

Proposal 2:  An implicit mapping function between  
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   and coverage level to enable possiblely different 
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value for different PUCCH sub-regions. 
Proposal 3: Should not to preclude possibility of multiplexing of legacy users with eMTC users in the same PRB 
Proposal 4:  A cross-subframe resource index hopping pattern to randomize intra-eNB interference. The mapping from resource index to orthogonal cover and shift indices can reuse the current spec.

Proposal 5: A cross-burst frequency hopping pattern to randomize PRBs in the entire PUCCH region to avoid constant inter-eNB collision, where hopping occurs at the edge of system bandwidth after retuning.
Proposal 6: Don’t support bundling of periodic or aperiodic PUCCH CQI for large coverage enhancement UEs. 

Proposal 7:  PUCCH coverage enhancement level should be determined based on other uplink channels e.g., PRACH or PUSCH. The repetition number of PUCCH and that of PRACH or PUSCH should have a pre-determined mapping function.
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