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1 Introduction

At the RAN1 #80bis meeting, RAN1 made the following agreements regarding PUCCH support for Low Complexity (LC) MTC UEs with reduced bandwidth support and UEs in enhanced coverage [1]:

· 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

· FFS on details
· 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
Further, at the RAN1 #80 meeting, the following was agreed towards achieving UE power consumption reduction [2]:

· Consider simplified channel feedback for MTC power savings at least for coverage enhanced MTC UEs

· No support of periodic CSI measurement and feedback for UEs in need of large coverage enhancement

In this contribution, we share our views on details of CSI measurements considering UEs with reduced bandwidth (BW) support. Additionally, some considerations related to UCI transmissions and collision handling are presented as well.
2 CSI measurements for MTC UEs with reduced BW support
In this section, we list some considerations related to CSI measurements and feedback as part of UCI feedback for Rel-13 LC MTC UEs with reduced BW support. 

Wideband CSI measurements and feedback
Typical wideband CSI measurements may not be possible for Rel-13 LC MTC UEs due to reduced BW support. Different approaches can potentially be considered to address this issue. Even though a Rel-13 LC MTC UE is not able to receive over BWs larger than 1.4 MHz, for systems with larger system BW, wideband CSI measurements may still be useful for the eNodeB to perform DL scheduling and potentially fine-tuning of the amount of coverage enhancement needed. Compared to subband-based CSI feedback that may be limited to 6 PRBs in frequency, wideband CSI feedback can provide more reliable results with more averaging over a larger number of Reference Signal resource elements. Such considerations can be seen to apply especially for MTC UEs requiring large amount of coverage enhancements. 

A simple way to support such wideband feedback can be to rely on UE implementation and use a CQI definition similar to current specifications, i.e., based on unrestricted observations in time and unrestricted observation interval in frequency. Thus, a UE may retune to different narrowbands within the wider system BW on different sets of subframes (depending on the feasibility due to the need for monitoring of certain narrowband for the physical downlink control channel for MTC), and perform channel estimation and averaging across frequency narrowbands and subframes to derive the wideband CQI. However, relying entirely on UE implementation may not be the most robust approach towards enabling reliable CSI feedback. 
Another alternative to derive the wideband CSI feedback that relies less on UE implementation is to define the CQI based on unrestricted observations in time and restricted observation interval in frequency so as to limit the observations to those PRBs within the narrowbands monitored by the device at specific subframes.  
Subband-based CSI measurements and feedback 

Subband-based CSI feedback can be most useful in realizing frequency selective scheduling gains for localized EPDCCH and PDSCH transmissions. Accordingly, the measurements for derivation of CQI at MTC UEs with reduced BW support (MTC-CQI) and their reporting should be time-restricted to the 1.4 MHz MTC narrowband that is being monitored by the LC MTC UE. Consequently, the UE should not perform any filtering/averaging across different MTC sub-regions that occur on different frequency locations. To achieve this, similar to existing definitions of CSI subframe sets, MTC-CSI subframe sets can be defined to correspond to different MTC narrowbands that are non-overlapping in time and span non-overlapping or partially overlapping frequency resources within the DL system BW, and the MTC UE is expected to report separate CSI feedback for each of the MTC-CSI subframe sets. Such a design can be facilitated easily when frequency hopping is applied for the DL physical channels such that UE naturally hops to and monitors different narrowbands within the system BW.
Currently, the number of subbands in the system is a function of the DL system BW and the set of subbands (S) is common to all UEs in the cell. However, for MTC UEs with reduced BW support, for a particular subframe or set of subframes, the set of subbands can be redefined as a singleton set and correspond to the set of 6 PRBs monitored by the UE for those subframe(s), irrespective of the DL system BW. Furthermore, since multiple MTC narrowbands can be defined within the system BW and different MTC UEs can be assigned to monitor or receive on different narrowbands within the system BW, the interpretation of the set of subbands (S) would be of UE-specific nature.

As another alternative to redefining the set of subbands (S), “intra-frequency” measurement gaps may need to be defined to allow the UE to perform measurements related to CSI feedback on the different subbands within the set S spanning the DL system BW.
Proposal 1
· RAN1 to further study and discuss the various options for CSI feedback and CQI definition for Rel-13 LC MTC UEs with reduced BW support considering the usefulness of both wideband and subband-based CSI feedback.
3 Support of CSI feedback

It has been agreed that simplification of CSI feedback for MTC UEs should be considered for UE power consumption reduction and that no periodic CSI feedback is supported for UEs requiring large coverage enhancement. Even when the UE requires small coverage enhancement, considering (i) potentially long measurement times to achieve sufficient measurement accuracy, (ii) the need for measurement gaps to perform CSI measurements on different narrowbands if subband-based CSI feedback is configured, (iii) MTC PUCCH resource usage considering repetition of PUCCH format 2, and (iv) challenges in realizing frequency-selective scheduling on the DL, it may not very efficient for the UE to perform CSI measurements and transmit periodic CSI feedback reports. For repetition of PUCCH format 2a/2b, it may make the eNB receiver more complicated due to hypothesis tests whether HARQ-ACK is piggybacked on PUCCH format 2 while accumulating the multiple repetitions. Specifically, link adaptation for the DL can be facilitated based on aperiodic CSI feedback on PUSCH, outer-loop link adaptation (OLLA) at the eNodeB scheduler, and RRM measurement reports (RSRP, RSRQ). Thus, further consideration of these aspects is needed in RAN1 to decide whether periodic CSI feedback should be supported or not while aperiodic CSI feedback on PUSCH needs to be supported. 

Proposal 2
· RAN1 to further discuss whether periodic CSI feedback on PUCCH should be supported for MTC UEs requiring any level of coverage enhancement.
· Aperiodic CSI feedback on PUSCH is supported for MTC UEs with reduced BW support and MTC UEs in enhanced coverage.
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:
· SR repetition overlaps with HARQ-ACK repetition on PUCCH on the same subframe;
· PUSCH repetition with data (and/or CSI) transmission overlaps with HARQ-ACK repetition on PUCCH on 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 collided subframes within a set of repeated transmissions, the UE should transmit HARQ-ACK on the SR PUCCH resource. 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 is used. 

For the second case, in the collided subframes, the UE should 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. In the other non-overlapped subframes within the sets of PUCCH and PUSCH repetitions, the respective PUCCH or PUSCH resource is used.
Proposal 3
· Mechanisms based on existing specifications should be applied to handle potential partial or full 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, in the collided subframes within a set of repeated transmissions, the UE should transmit HARQ-ACK on the SR PUCCH resource. 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 is used.

ii. For HARQ-ACK on PUCCH and data and/or CSI on PUSCH, in the collided subframes, the UE should 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. In the other non-overlapped subframes within the sets of PUCCH and PUSCH repetitions, the respective PUCCH or PUSCH resource is used.

5 Handling of PUCCH resource collisions for HARQ-ACK transmissions
At the RAN1 #80bis meeting, it was agreed that a set of DL and UL narrowband(s) are made known to MTC UEs. Depending on the PUCCH structure adopted for MTC PUCCH, PUCCH format 1a/1b resource collisions can occur corresponding to DL transmissions to different UEs in different DL narrowbands. Even for the option of defining MTC PUCCH regions at the edges within each UL narrowband, PUCCH resource collisions may be unavoidable if the number of DL and UL narrowbands are different and do not maintain a one-to-one relationship. In fact, considering different loading conditions in the DL and UL and resource availability, it is important that the number of narrowbands for the DL and the UL are configured independently. 

Consequently, for all cases wherein the number of DL narrowbands is 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 or redefining;

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 4
· 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.
6 Conclusion

In this contribution, we provided our views on enhancements to CSI measurements and UCI feedback for MTC UEs with reduced BW support and in enhanced coverage. Based on the discussion presented, we summarize our views through the following proposals:
Proposal 1
· RAN1 to further study and discuss the various options for CSI feedback and CQI definition for Rel-13 LC MTC UEs with reduced BW support considering the usefulness of both wideband and subband-based CSI feedback.
Proposal 2
· RAN1 to further discuss whether periodic CSI feedback on PUCCH should be supported for MTC UEs requiring any level of coverage enhancement.
· Aperiodic CSI feedback on PUSCH is supported for MTC UEs with reduced BW support and MTC UEs in enhanced coverage.
Proposal 3
· Mechanisms based on existing specifications should be applied to handle potential partial or full 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, in the collided subframes within a set of repeated transmissions, the UE should transmit HARQ-ACK on the SR PUCCH resource. 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 is used.

ii. For HARQ-ACK on PUCCH and data and/or CSI on PUSCH, in the collided subframes, the UE should 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. In the other non-overlapped subframes within the sets of PUCCH and PUSCH repetitions, the respective PUCCH or PUSCH resource is used.

Proposal 4
· 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.
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