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1 Introduction

At the RAN1 #82 meeting, the following were agreed on PUCCH resource allocation considering support of different coverage enhancement levels [1]:

· Starting offsets of the PUCCH resource(s) indicated by MTC SIB can be configured separately per PUCCH repetition level

· Detailed signaling is left to RAN2 by further considering the previous agreement regarding PUCCH narrowband region(s)
· FFS whether or not to have default value(s) for some repetition level(s)
· FFS how to determine a PUCCH repetition level for a UE

Further, the following were also agreed at the RAN1 #82 meeting on implicit resource determination for PUCCH [1]:

· At least for Rel-13 low complexity MTC UEs with no repetition, implicit PUCCH resource determination is used and it uses the mechanism for Rel-12 EPDCCH as a starting point. 

· FFS the details

· For UEs operating coverage enhancement for PUCCH
· Slot-level hopping across narrowbands is not supported.

At the RAN1 #82bis meeting, the following principles were agreed regarding PUCCH resource determination [2]:

· 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 share our views on some further details of PUCCH repetitions and handling of PUCCH resource collisions. Our views on PUCCH frequency hopping are presented in [4].
2 Determination of PUCCH repetition level for a UE
As mentioned in Section 1, it was identified for further study as to how to determine a PUCCH repetition level for an MTC UE with reduced BW support or an MTC UE in enhanced coverage. 
First we consider the case wherein a UE has already established RRC Connection with the serving cell. In this case, it is possible for the eNodeB to decide on the number of PUCCH repetitions based on the observed radio conditions for the UE, and accordingly, indicate the number of repetitions to be used for transmission of HARQ-ACK feedback via dedicated RRC signaling.
For SR transmissions, the number of PUCCH repetitions carrying SR can be indicated via the same dedicated RRC signaling that is used to transmit the SR resource configuration to a UE.
Next, we consider the case wherein the UE needs to transmit PUCCH with repetitions in response to the Contention Resolution Message (Message 4) transmission. Message 4 is the first unicast PDSCH transmission to a UE for which UE is expected to transmit HARQ-ACK feedback. While the RRC Connection Setup message may be transmitted as part of Message 4, this may not always be guaranteed, and for the latter case, Msg 4 may only convey the contention resolution information which is subsequently followed by an RRC configuration message. In either case, for the HARQ-ACK transmission on PUCCH in response to Msg 4, the UE needs to determine the number of repetitions to use for PUCCH. One option would be for the eNodeB to signal the number of PUCCH repetitions using the DCI carried by the M-PDCCH. This M-PDCCH can be the same that is transmitted in a “Common Search Space” that is used to schedule the PDSCH carrying Msg 4 [2]. The DCI may either indicate using a limited number of bits the EC level that maps to a number of repetitions which is configured via MTC SIB or directly indicate the number of repetitions from a set of repetition values configured via MTC SIB signaling. 

As another alternative that can avoid a potential increase in the DCI size used to schedule Msg 4, is to pre-define or configure a mapping between the EC level or the number of repetitions used for the last successful PRACH repetition, or preferably, that for the Msg 3 transmission and that for PUCCH transmission with HARQ-ACK in response to Msg 4 transmission. The exact configuration of the number of repetitions corresponding to the mapped EC levels can be signaled via MTC SIB. Thereby, the UE can determine the number of repetitions needed for the PUCCH transmission to convey the HARQ-ACK feedback in response to the Msg 4 transmission using this defined mapping.
In case the dedicated RRC message with the configuration of the number of PUCCH repetitions is conveyed in a subsequent dedicated RRC message after Msg 4 transmission, then the UE can use the same repetition number for PUCCH to convey the HARQ-ACK feedback in response to any unicast PDSCH transmissions as it used for transmitting HARQ-ACK feedback in response to Message 4 transmission, until a valid RRC configuration with the PUCCH repetition number is received.
Proposal 1:
· For UEs in RRC_CONNECTED mode, eNodeB indicates to the UE the number of repetitions to be used for PUCCH transmissions carrying HARQ-ACK or SR using dedicated RRC signaling.
· The repetition number for PUCCH transmissions carrying HARQ-ACK feedback in response to Message 4 transmission is either indicated explicitly via the DCI scheduling the Message 4 transmission or based on a predefined or configured mapping between the EC level or number of repetitions for the last successful PRACH transmission or Msg 3 transmission and the PUCCH transmission.
3 Handling of PUCCH resource collisions for HARQ-ACK transmissions

In general, the number of DL narrowbands can be greater than the number of independent MTC PUCCH resource regions, it is necessary to define mechanisms to avoid PUCCH resource collision for PUCCH formats 1a/1b that derive PUCCH resources implicitly based on the starting ECCE of the scheduling M-PDCCH transmission. 

Such avoidance of PUCCH resource collisions can be achieved in various ways. Some such options include:

i. re-using or adapting the UE-specific PUCCH starting offset for the PUCCH resource determination;

ii. redefining the PUCCH resource determination equation to include also the corresponding DL narrowband index used to carry the associated M-PDCCH;

iii. using a continuous indexing of the ECCEs across different DL narrowbands to enable reuse of the existing PUCCH resource mapping equation. Specifically, for DL MTC narrowband #1, the CCE index ranges from 0 to X-1, for DL MTC narrowband #2, the CCE index ranges from X to 2X-1, etc., with the parameter X predefined or configured in a cell-specific manner via higher layer signalling.

Proposal 2:
· RAN1 to define appropriate solutions to avoid PUCCH resource collisions for HARQ-ACK feedback whenever the number of DL narrowbands is larger than the number of independent MTC PUCCH regions.
4 Handling of Collisions between UL Transmissions in Enhanced Coverage

In the case when repetitions are applied for the transmission of PUSCH and PUCCH for MTC UEs in enhanced coverage, collisions may occur between the two transmission instances. In order to maintain the low cubic metric (CM) single-carrier property of the transmitted signal, certain UE behavior should be defined for MTC UEs in enhanced coverage, which is critical for low cost MTC device with limited link budget. Given that each UCI or data transmission may use different number of repetitions, it is possible to have partial or full overlaps in the time dimension between the repetitions of the following transmissions:
· Positive SR repetition overlaps with HARQ-ACK repetition on PUCCH in the same subframe;
· PUSCH repetition with data (and/or CSI) transmission overlaps with HARQ-ACK repetition on PUCCH in the same subframe;

The above-listed overlaps can be handled by allowing the UE to transmit the contents of the overlapped transmissions using a single UL physical channel transmission. 
Specifically, for the first case, in the case of full-overlap, the UE transmits HARQ-ACK on the SR PUCCH resource. While in case of partial overlaps, in the collided subframes within a set of repeated transmissions, the UE can transmit HARQ-ACK on the SR PUCCH resource, and in the other non-overlapped subframes within the sets of SR and HARQ-ACK repetitions, the respective PUCCH resource, corresponding to the SR or HARQ-ACK transmission can be used. However, this can complicate the eNodeB detection and therefore, for simplicity, the SR may be dropped for the overlapped subframes in case of partial overlaps with HARQ-ACK transmissions.
Similarly, for the second case, in the case of full-overlap, the UE transmits HARQ-ACK feedback piggybacked on the PUSCH transmission by puncturing the data symbols (carrying data and/or CSI) around the PUSCH DM-RS and drops PUCCH. While in case of partial overlaps, in the collided subframes, the UE can transmit HARQ-ACK feedback piggybacked on the PUSCH transmission by puncturing the data symbols (carrying data and/or CSI) around the PUSCH DM-RS and drop PUCCH, and in the other non-overlapped subframes within the sets of PUCCH and PUSCH repetitions, the respective PUCCH or PUSCH resource can be used. However, as for the previous consideration regarding increased eNodeB detection complexity, PUSCH may be dropped for the overlapped subframes in case of partial overlaps with HARQ-ACK transmissions for simplicity.
Proposal 3:
· Mechanisms to handle potential full or partial overlaps in time dimension between (i) SR and HARQ-ACK repetitions on PUCCH, and (ii) between PUCCH and PUSCH repetitions from the same UE.
i. For SR and HARQ-ACK repetitions on PUCCH:

· For full overlap, in the collided subframes within a set of repeated transmissions, the UE transmits HARQ-ACK on the SR PUCCH resource.

· For partial overlap:
· Alt 1: In the collided subframes within a set of repeated transmissions, the UE transmits HARQ-ACK on the SR PUCCH resource, and in the other non-overlapped subframes within the sets of SR and HARQ-ACK repetitions, the respective PUCCH resources, corresponding to the SR or HARQ-ACK transmission are used.
· Alt 2: SR is dropped for the overlapped subframes.
ii. For HARQ-ACK on PUCCH and data and/or CSI on PUSCH:

· For full overlap, the UE transmits HARQ-ACK feedback piggybacked on the PUSCH transmission and drops PUCCH. 
· For partial overlap:

· Alt 1: In the collided subframes, the UE transmits HARQ-ACK feedback piggybacked on the PUSCH transmission and drops PUCCH, and in the other non-overlapped subframes, the respective PUCCH or PUSCH resources are used.
· Alt 2: PUSCH is dropped for the overlapped subframes.
5 Conclusion

In this contribution, we provided our views on some further details of PUCCH repetitions and handling of PUCCH resource collisions. Based on the discussion presented, we summarize our views through the following proposals:
Proposal 1:
· For UEs in RRC_CONNECTED mode, eNodeB indicates to the UE the number of repetitions to be used for PUCCH transmissions carrying HARQ-ACK or SR using dedicated RRC signaling.
· The repetition number for PUCCH transmissions carrying HARQ-ACK feedback in response to Message 4 transmission is either indicated explicitly via the DCI scheduling the Message 4 transmission or based on a predefined or configured mapping between the EC level or number of repetitions for the last successful PRACH transmission or Msg 3 transmission and the PUCCH transmission.
Proposal 2:
· RAN1 to define appropriate solutions to avoid PUCCH resource collisions for HARQ-ACK feedback whenever the number of DL narrowbands is larger than the number of independent MTC PUCCH regions.
Proposal 3:
· Mechanisms to handle potential full or partial overlaps in time dimension between (i) SR and HARQ-ACK repetitions on PUCCH, and (ii) between PUCCH and PUSCH repetitions from the same UE.
i. For SR and HARQ-ACK repetitions on PUCCH:

· For full overlap, in the collided subframes within a set of repeated transmissions, the UE transmits HARQ-ACK on the SR PUCCH resource.

· For partial overlap:

· Alt 1: In the collided subframes within a set of repeated transmissions, the UE transmits HARQ-ACK on the SR PUCCH resource, and in the other non-overlapped subframes within the sets of SR and HARQ-ACK repetitions, the respective PUCCH resources, corresponding to the SR or HARQ-ACK transmission are used.

· Alt 2: SR is dropped for the overlapped subframes.
ii. For HARQ-ACK on PUCCH and data and/or CSI on PUSCH:

· For full overlap, the UE transmits HARQ-ACK feedback piggybacked on the PUSCH transmission and drops PUCCH. 
· For partial overlap:

· Alt 1: In the collided subframes, the UE transmits HARQ-ACK feedback piggybacked on the PUSCH transmission and drops PUCCH, and in the other non-overlapped subframes, the respective PUCCH or PUSCH resources are used.
· Alt 2: PUSCH is dropped for the overlapped subframes.
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