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1. Introduction

In RAN1#75 meeting, followings were concluded on coverage enhancement of UL channels including PUCCH and PUSCH for the MTC UEs [1].
Working assumption (on PUCCH):

· 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).
Agreements (on PUSCH):

· For UEs in enhanced coverage mode for MTC,

· Repetition of PUSCH across multiple sub-frames is supported.
· Multiple repetition levels in time domain are specified.
In this contribution, we address and discuss on the consideration points for coverage enhancement of UL channels for the MTC UEs based on time domain repetition over multiple subframes. More specifically, timing gap with associated DL channels, configuration of repetition related informations, and handling on potential UL channel collision are considered in this contribution. 
2. PUCCH transmission with repetition
On UCI transmission under coverage enhancement (i.e. CE) situation, both HARQ-ACK on PUCCH and SR on PUCCH are to be supported with time domain repetition (over multiple subframes) in order to avoid large latency (e.g. RLC retransmission) and overhead (e.g. PRACH collision). In case of CSI feedback, on the other hand, aperiodic CSI request (report on PUSCH) can be used (and sufficient) without configuring periodic CSI on PUCCH considering MTC characteristics and resource efficiency. 
█ HARQ-ACK
(1). Timing gap between PDSCH and PUCCH

First of all, timing gap between PDSCH and PUCCH conveying the corresponding HARQ-ACK is to be determined for the CE situation where repetition is applied for both PDSCH and PUCCH. For this, some alternatives can be considered as followings.
Alt 1: timing gap between last PDSCH and first PUCCH

Alt 2: timing gap between first PDSCH and first PUCCH

Alt 3: configure possible PUCCH (start) timing candidates

Regarding first two alternatives, same timing gap is applied between the last transmitted subframe for a PDSCH repetition and the first transmitted subframe for the corresponding PUCCH repetition with Alt 1 while same timing gap is applied between the PDSCH start subframe and the PUCCH start subframe with Alt 2. In case of Alt 3, configuring possible PUCCH start subframe candidates in advance, actual PUCCH start timing is determined depending on (for example, the earliest candidate 4ms later than) the reception timing of a PDSCH repetition. 
Considering UL resource utilization under the CE situation, it is desirable to align PUCCH start timing among the CE MTC UEs for more efficient PUCCH multiplexing when repetition is applied for PUCCH transmission. Alt 2 and Alt 3 seem to be preferable approach for this reason, and Alt 3 is more preferred between these considering network flexibility. 
Proposal 1: Alt 3 (or Alt 2) is preferred to determine the timing gap between PDSCH and HARQ-ACK.
(2). Configuration of PUCCH repetition

For coverage enhancement of the HARQ-ACK transmission on PUCCH, repetition related informations such as the number of repetitions, composition of transmitted subframes, and used PUCCH resource, are to be properly configured in advance (for example, before the step firstly requiring HARQ-ACK response). This configuration can be provided via SIB or RAR in the initial access where PUCCH repetition level may be configured tied with each PRACH repetition level in case of configuring in SIB, and UE-specific RRC signalling can be used for the configuration after RRC connection. 
On the PUCCH resource used for HARQ-ACK repetition, it seems natural and simple to allocate explicit PUCCH resource without linkage with PDCCH resource since implicit PUCCH resource may not always be available with repetition in case of adopting larger PDCCH-to-PUCCH delay than legacy one. Besides, considering PUCCH resource utilization/flexibility, it can be useful to dynamically indicate one among multiple PUCCH resources which are pre-allocated in advance for HARQ-ACK repetition. 
In addition, it could be beneficial for the network to have configurability of HARQ-ACK feedback for the CE MTC UEs (more specifically, network can configure for a UE on whether the UE is required to transmit HARQ-ACK feedback for PDSCH scheduling or not). With this functionality, network could have more flexibility by configuring presence of HARQ-ACK feedback per CE MTC UE considering PUCCH resource overhead and RLC latency/burden. 
Proposal 2: Configuration on HARQ-ACK repetition including PUCCH resource is to be considered. 
█ SR
(1). Configuration of PUCCH repetition

For the SR transmission on PUCCH with coverage enhancement, as for the HARQ-ACK case above, repetition related informations such as the number of repetitions, composition of transmitted subframes, and used PUCCH resource, can be pre-configured by SIB or RAR in the initial access, or configured by UE-specific RRC signalling after RRC connection.

Regarding PUCCH resource allocation for the SR repetition and the HARQ-ACK repetition together, following two alternatives can be considered.
Alt 1: different PUCCH resource for SR and HARQ-ACK

Alt 2: same PUCCH resource for SR and HARQ-ACK

With Alt 1, simultaneous transmission of SR and HARQ-ACK (e.g. HARQ-ACK transmission on SR resource) can be supported as for the normal UEs while two PUCCH resources are required to be reserved during a repetition configured for the SR transmission. On the other hand, with Alt 2, only one PUCCH resource is reserved for UCI transmission of a CE MTC UE while SR and HARQ-ACK could not be simultaneously transmitted through a same time duration. There seems be a trade-off between PUCCH overhead/complexity and DL scheduling restriction. 
Proposal 3: Configuration on SR repetition including PUCCH resource allocation is to be considered.
(2). Overlap between SR and HARQ-ACK

In case where PUCCH repetition is applied both for the SR and the HARQ-ACK, PUCCH transmission could be overlapped between two UCIs according to DL scheduling (PDCCH and/or the corresponding PDSCH transmission) timing and SR transmission period. There can be three possible options to handle this UCI overlap case as below.
Opt 1: not allow any overlap (always non-overlapped)

Opt 2: not allow partial overlap (allow full-overlap or non-overlap only)

Opt 3: no restriction (allow all possible overlap cases)

With Opt 1, joint transmission of SR and HARQ-ACK is not required (e.g. by dropping one UCI in case of overlap) while DL scheduling might be restricted to avoid SR transmission timing. With Opt 3, there is no restriction on DL scheduling timing while joint transmission of SR and HARQ-ACK is required even for the case of partial overlap where the last part of one UCI repetition duration is partially overlapped with the first part of another UCI repetition duration. Opt 2 is in the middle between Opt 1 and 3 in terms of UE complexity and DL scheduling. Thus, it is to be decided which option would be reasonable to be supported from CE design perspective.
Proposal 4: Handling on overlap of PUCCH repetitions between SR and HARQ-ACK is to be discussed.
3. Other UL channel repetition
As in the agreement above, time domain repetition over multiple subframes is to be applied for the PUSCH transmission for coverage enhancement of the MTC UEs. Even for the PRACH transmission, it is already agreed to apply time domain repetition of preamble format for the MTC coverage enhancement. 
For the PUSCH transmission with repetition, similarly in the PUCCH case above, repetition related informations such as the number of repetitions and composition of transmitted subframes (including PUSCH start timings), can be configured by SIB or RAR in the initial access where PUSCH repetition level may also be configured tied with each PRACH repetition level in case of configuring in SIB, and/or reconfigured by UE-specific RRC signalling after RRC connection. 

In case where repetition is applied both for PUSCH and PUCCH (e.g. with HARQ-ACK), similarly in the UCI overlap case above, transmission of two UL channels could be overlapped each other according to UL/DL scheduling (PDCCH and/or the corresponding PUSCH/PDSCH transmission) timing. Similar options can be considered to handle this UL channel overlap as below.

Opt 1: not allow any overlap (always non-overlapped)

Opt 2: not allow partial overlap (allow full-overlap or non-overlap only)

Opt 3: no restriction (allow all possible overlap cases)

With Opt 1, multiplexing of UCI and UL data (i.e. UCI piggybacking on PUSCH) is not required (e.g. by dropping one channel in case of overlap) while UL or DL scheduling might be restricted to avoid overlap between PUCCH and PUSCH. With Opt 3, there is no restriction on both UL and DL scheduling timing while UCI piggyback on PUSCH is required even for the case of partial overlap where the last part and the first part of different channel repetitions are partially overlapped each other. Opt 2 is in the middle between Opt 1 and 3 in terms of UE complexity and eNB scheduling. Thus, it is to be decided which option would be reasonable to be supported from CE design perspective. 
Furthermore, when repetition is applied for all UL channels including PRACH, transmission of PRACH repetition could be collided with PUSCH/PUCCH transmission. It is reasonable for the collision with PRACH that PRACH has high priority and then the collided PUSCH/PUCCH is dropped. To avoid this potential collision case even between PRACH and PUSCH/PUCCH from different CE MTC UEs, it may be required to composite transmitted subframes non-contiguously within a PUSCH/PUCCH repetition. 
For other cases such as collision between PUCCH and PUCCH or between PUCCH and PUSCH (with assumption that joint transmission of multiple UCIs or multiplexing between UCI and UL data is not supported), it seems be reasonable that scheduling based aperiodic transmission has higher priority than configuration based periodic transmission, and important UCI (e.g. HARQ-ACK) has higher priority than other UCIs (e.g. CSI). 
Proposal 5: Handling on overlap between UL channels (e.g. PUCCH and PUSCH) is to be discussed. 
4. Conclusion
We addressed and discussed on UL channel transmissions with time domain repetition for the coverage enhancement of the MTC UEs. Finally, we suggest: 
Proposal 1: Alt 3 (or Alt 2) is preferred to determine the timing gap between PDSCH and HARQ-ACK.
Proposal 2: Configuration on HARQ-ACK repetition including PUCCH resource is to be considered. 
Proposal 3: Configuration on SR repetition including PUCCH resource allocation is to be considered.
Proposal 4: Handling on overlap of PUCCH repetitions between SR and HARQ-ACK is to be discussed.
Proposal 5: Handling on overlap between UL channels (e.g. PUCCH and PUSCH) is to be discussed. 
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