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1
Introduction
In RAN1#81, it was agreed that –

· For Rel-13 low complexity MTC UEs and UEs operating coverage enhancement for PUCCH
· Both slots in a subframe are used for transmission of a PUCCH.

· At least for system BW>6RBs, slot-based hopping {within a narrowband and within a subframe} is not supported.

· MTC SIB indicates at least two PUCCH narrowband regions for MTC 

· FFS whether or not the indication is per CE level or the same for all CE levels

· The PRBs for the PUCCH resources for Rel-13 low complexity UEs are configured separately from legacy PUCCH

· The multiplexing between PUCCH resources in the same PRB for Rel-13 low complexity UEs and legacy UEs is not prohibited

· For UEs operating coverage enhancement for PUCCH
· PUCCH frequency hopping is always used

· Hopping is between at least two PUCCH narrowband regions.

· PUCCH frequency location for Rel-13 low complexity UEs in enhanced coverage stays the same for at least X subframes

· FFS the value of X

· FFS whether or not slot-level hopping across narrowbands is supported

· If slot-level hopping is supported, the PUCCH frequency location refers to that of a given slot
· FFS: How to determine PUCCH repetition resources for Msg4 feedback.

In this contribution, we discuss and share our views on the PUCCH configuration and other remaining issues for MTC UEs.

2

PUCCH Region Determination
For LC-MTC UEs, at least two PUCCH narrowband regions for MTC will be indicated in the MTC SIB. These regions are configured separately from legacy PUCCH although they may overlap. It is FFS whether or not the indication is per CE level or the same for all CE levels. Currently, the physical resources used for PUCCH depend on nRB-CQI and nCS-AN parameters with the PUCCH occupying the upper and lower edges of the system bandwidth. This same concept can be used for the MTC PUCCH regions as well with the parameters applied to each region. The PRB mapping is different depending on whether the MTC region is in the upper or lower bands. With PUCCH hopping and ACK/NACK, the UE can hop from one region to another while maintaining the same PUCCH resource index.
To lower overhead, it is possible that only one MTC PUCCH region is used in a subframe as shown in Figure1. This provides the benefits of frequency hopping without the additional overhead. In this case, the MTC PUCCH regions would be indicated by the MTC SIB with additional configuration of when each region should be used. If additional PRBs are needed due to large number of MTC devices, then the region can be expanded accordingly.
One issue to consider is whether the PUCCH regions are common for all CE levels or separately configured per CE level. Having separate regions per CE level would allow for the ACK/NACK to be transmitted in different PRBs. Note that only ACK/NACK is considered since UE operating CE will not likely be configured for CQI reports. The PUCCH structure, however, already allow for efficient multiplexing of ACK/NACK. With ACK/NACK repetition, the UE is configured with a unique PUCCH index for repetition under the control of the eNB. Thus, blocking is unlikely to be an issue if the different CE levels are multiplexed together as shown in Figure1. Furthermore, results from [2] show that a repetition factor of 8 may be sufficient to reach 155.7 dB MCL. Thus, the number of repetitions for ACK/NACK is likely to be small in most cases. Therefore, it is proposed that all CE levels share the same PUCCH narrowband regions.
Proposal 1: MTC SIB indication of PUCCH narrowband regions is the same for all CE levels.   

[image: image1.emf]Legacy 

PUCCH

ACK/NACK

UE1

1ms

MTC PUCCH 

Region 1

MTC PUCCH 

Region 2

ACK/NACK

UE 3

ACK/NACK

UE2


Figure1. MTC PUCCH regions and ACK/NACK multiplexing.
UE needs to determine the PUCCH region for each repeated PUCCH subframe. This however relates with how the PUCCH structure is defined. One option is that the PUCCH structure based on the allocated PUCCH regions is cell specific configured and common for all MTC UEs in CE mode, while the other option is that the PUCCH structure is decided UE specifically. Fig.2a and Fig.2b illustrate these two options respectively, where for simple illustration, it is assumed that the number of PUCCH repetitions is 8 for all example UEs in Fig.2b. 
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Figure2a. One example of cell specific PUCCH structure, X=4
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Figure2b. One example of UE specific PUCCH structure, X=4
One example for the UE specific PUCCH structure is that UE alway starts from the PUCCH region with the lowest (or highest) index for the starting PUCCH subframe, then according to the configured value X (i.e., the number of consecutive subframes the UE would stay in one frequency location), UE could decide the PUCCH region for each repeated PUCCH subframe. As an alternative, the starting PUCCH region for the starting subframe may be implicitly decided based on e.g., the scheduled PDSCH narrow band index. Regardless of which alternatives, when following the fixed timing between the end of PDSCH and the starting of ACK/NACK transmission, the UE specific structure would inevitably cause two (or more) PUCCH narrow bands regions being occupied in the same set of subframes. Therefore it does not fully take advantage of multiplexing capacity of PUCCH for ACK/NACK transmission using CDM. It results in comparatively larger PUCCH overhead compared with that in cell specific structure, where the available subframes for PUCCH transmission in each PUCCH region are non-overlapping.
To achieve the cell specific PUCCH structure, eNB can configure a subframe offset of the lowest(or highest) PUCCH region relative to subframe#0 in SFN=0 to the UE. Then UE can decide the PUCCH region for one specific PUCCH subframe based on the following, 
· The configured subframe offset;
· Value X;
· The subframe index of the PUCCH subframe within the system frame;
· SFN of the frame containing the PUCCH subframe;

· The number of configured narrow band regions.
Proposal 2: The PUCCH structure is cell specific and common for all MTC UEs in CE mode. The available subframes for PUCCH transmission in each PUCCH region are non-overlapping.
3
Other PUCCH Issues

One issue for further study from RAN1#80bis is how periodic CSI feedback will be supported for MTC UEs in normal coverage. Once the PUCCH PRB resource allocation is configured for the UE, there should not be any issue in reusing the existing mechanism and PUCCH format for CSI transmission. Naturally, a small modification would be needed for PUCCH format 2 since it is proposed that slot hopping no longer be used.
Currently, CQI reporting configuration consists of the PUCCH resource index, CQI-PMI configuration index, CQI format indicator, RI configuration, and simultaneous CQI and ACK/NACK. Although some fields are not applicable, this is a matter of configuration. One issue that should be addressed is the CQI format, whether wideband or subband configuration is appropriate in the context of LC-MTC UEs. However, the existing mechanism can be reused with some changes as necessary.
Proposal 3: Reuse existing mechanism and PUCCH format 2 (without slot hopping) for periodic CSI reports. 

Another issue is whether ACK only is transmitted or NACK only is transmitted or both ACK/NACK are transmitted in coverage enhancement. If only ACK or NACK is transmitted, the number transmissions would be less. This may be true especially if only NACK is transmitted, since the operating BLER is typically around 10%. However, the eNB would not be able to perform DTX detection in order to determine if the UE has missed the DCI. Also, transmitting both ACK and NACK is needed if early termination is to be supported. PUCCH results in [1] showed that approximately 8 repetitions would be required for 1% BER at -16 dB. Thus, the number of repetitions is not so high compared to the usefulness of DTX detection and for early termination. Therefore, it is proposed that both ACK/NACK are transmitted on PUCCH. 
Proposal 4: In enhanced coverage, both ACK and NACK are transmitted on PUCCH. 
4
Conclusion
In this contribution, we discuss uplink control channel for LC-MTC and CE UEs. The following proposals are made –

Proposal 1: MTC SIB indication of PUCCH narrowband regions is the same for all CE levels. 

Proposal 2: The PUCCH structure is cell specific and common for all MTC UEs in CE mode. The available subframes for PUCCH transmission in each PUCCH region are non-overlapping.

Proposal 3: Reuse existing mechanism and PUCCH format 2 (without slot hopping) for periodic CSI reports. 

Proposal 4: In enhanced coverage, both ACK and NACK are transmitted on PUCCH. 
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