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1 Introduction

The working assumptions on PUCCH coverage improvement in [1] are summarized as follows:
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).
Repetition transmission for PUCCH and two issues caused by PUCCH repetition, including PUCCH collision and PUSCH coverage are discussed in this contribution.
2 Repetition Transmission for PUCCH
As discussed in [2], time domain repetition is the most important coverage improvement technique for almost all the physical channels. Minor specification impact is expected for PUCCH. If PUCCH is used for uplink feedback, repetition transmission for PUCCH should be studied.
For MTC UEs with coverage improvement requirement, the CSI feedback functionality of PUCCH is not necessary since RI has fixed value 1 and CSI is not important for MTC UEs under extreme coverage scenarios. 
As discussed in [3], in order to support DL HARQ efficiently and guarantee corresponding HARQ-ACK coverage, HARQ-ACK on PUCCH should always be supported. Therefore, the signalling used to enable/disable HARQ-ACK on PUCCH will not be needed, i.e., HARQ-ACK on PUCCH will not need to be configured.
Since UCI carried in PUCCH would only include SR and HARQ-ACK, format 1a would be enough. The repetition times for PUCCH could be determined by coverage improvement level. 
Considering 15dB coverage improvement target for FDD and TDD system, coverage target for PUCCH (format 1a) is 8.5dB. Repetition of PUCCH across multiple sub-frames may be required to achieve the above coverage improvement target. 
For system to support multiple coverage improvement levels, it is preferable to set repetition times for PUCCH for each coverage improvement level to a fixed value. The benefit of setting fixed repetition times for PUCCH is simple implementation.
Required repetition times for PUCCH with different coverage improvement levels (according to the evaluation results in [4], only repetition method applied) are shown in Table 1. 

Table 1 Repetition times for PUCCH with different coverage improvement levels
	Coverage improvement target
	PUCCH Coverage improvement gap
	Required repetition times for PUCCH

	15dB
	8.5dB
	10

	10dB
	3.5dB
	2

	5dB
	-
	-


During initial access, the coverage improvement level for PUCCH can be determined based on the coverage improvement level for PRACH. After initial access, the repetition times for PUCCH can be adjusted together with the repetitions times for PDCCH via one signalling, or can be adjusted independently via one PUCCH-specific signalling.
Proposal 1: HARQ-ACK on PUCCH should always be supported.
Proposal 2: Repetition times for PUCCH could be determined by coverage improvement level. Only PUCCH format 1a is supported for coverage improvement.
3 Issues caused by PUCCH repetition
3.1 PUCCH collision issue

In legacy FDD system, when HARQ-ACK is transmitted on PUCCH, the timing gap between PUCCH and the corresponding PDSCH is 4 subframes. Under the coverage improvement scenario, it may be reasonable to reuse the same gap between PDSCH and corresponding PUCCH. Given both PDSCH and corresponding PUCCH are repeated multiple times, the starting subframe of PUCCH repetition transmission could be the 4th sub-frame after the ending of PDSCH repetition transmission.

However, legacy PUCCH resource assignment is related to the CCE index used for transmission of the corresponding DCI assignment for no repeated PUCCH. When cross subframe scheduling and/or repetition are applied, there may be PUCCH collisions between coverage improvement MTC UEs and legacy LTE UEs without coverage improvement. For example, as shown in Figure 1, given that the repetitive PUCCH transmissions for a coverage improvement MTC UE are within subframe 0 ~ subframe 7, and the normal PUCCH transmission for a legacy LTE UE is within subframe 5, if the first CCE index occupied by repetitive PDCCHs for the coverage improvement UE equals to the first CCE index occupied by normal PDCCH for the legacy LTE UE, the PUCCH collision between the coverage improvement MTC UE and the legacy LTE UE will happen.
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Figure 1 An example of PUCCH collision between coverage improvement MTC UEs and legacy LTE UEs
By the means of implementation, e.g. limiting CCEs used for transmission of DCI assignments for legacy LTE UEs, PUCCH collision between coverage improvement MTC UEs and legacy LTE UEs may be avoided, but it would reduce resource allocation flexibility and resource utilizing efficiency for PDCCH. Therefore,  in order to avoid the PUCCH collision, some potential solutions related to standardization can be considered as follows:

One specific PUCCH for coverage improvement MTC UEs can be pre-defined in case that only one PUCCH transmission for a coverage improvement UE is within a subframe. Within a subframe, all the coverage improvement MTC UEs may share this single PUCCH to perform the corresponding transmissions of HARQ-ACK repetition. Different coverage improvement UEs can use PUCCH resources in different subframes.
Multiple specific PUCCHs for coverage improvement MTC UEs can be pre-defined in case that PUCCH transmissions for multiple coverage improvement MTC UEs are within a subframe. Within a subframe, all the coverage improvement MTC UEs may share these PUCCH resources to perform the corresponding transmissions of HARQ-ACK repetition. Different coverage improvement UEs may use PUCCH resources in different subframes or use different PUCCH resources within the same subframe. In addition, eNB can configure which one of the multiple pre-defined PUCCHs selected by higher layers, which is similar to current repeated PUCCH, or by physical layers, e.g. DCI signaling. Alternatively, an implicit mapping rule also can be considered to implicitly determine which one of the multiple pre-defined PUCCHs selected.
Proposal 3: Solutions to avoid PUCCH collision between coverage improvement UEs and legacy UEs without coverage improvement are FFS.
3.2 PUSCH coverage issue
In legacy LTE system, when/if repeated PUCCH is transmitted, in order to guarantee the coverage performance of PUCCH, the eNB’s scheduler would avoid the scheduling of PUSCH data in the subframes occupied by PUCCH and (therefore the scheduling flexibility would be limited )or alternatively, the transmission of PUSCH data in the subframes occupied by repeated PUCCH will be dropped automatically. But under the coverage improvement scenario, dropping the transmission of PUSCH data will not be helpful to PUSCH coverage improvement and may increase retransmission probability for PUSCH. In the case of asynchronous UL HARQ, increased retransmissions for PUSCH will increase the overhead for PDCCH.
Under the coverage improvement scenario, when/if repeated PUCCH is transmitted, solutions to avoid the PUSCH coverage degradation and PDCCH overhead increase should be considered. When one or multiple subframes used for PUSCH repetition are occupied by repeated PUCCH, the adaptive/automatic retransmission of PUSCH data may be a potential solution, where design of corresponding timing may be needed.  Automatically increasing the repetition times for current PUSCH transmission may also be considered, where the number of increased repetition times may equal to the number of subframes occupied by repeated PUCCH.
Proposal 4: When repeated PUCCH is transmitted, PUSCH coverage issue caused by PUCCH repetition needs to be identified and corresponding solutions should be considered.

4  Conclusions
Coverage improvement solutions for PUCCH are discussed in this contribution.  We propose the following:
Proposal 1: HARQ-ACK on PUCCH should always be supported.
Proposal 2: Repetition times for PUCCH could be determined by coverage improvement level. Only PUCCH format 1a is supported for coverage improvement.
Proposal 3: Solutions to avoid PUCCH collision between coverage improvement UEs and legacy UEs without coverage improvement are FFS.
Proposal 4: When repeated PUCCH is transmitted, PUSCH coverage issue caused by PUCCH repetition needs to be identified and corresponding solutions should be considered.
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