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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
PUCCH transmission for Rel-13 low complexity MTC UEs and UEs operating coverage enhancement (CE) had been discussed several meetings and the following agreements were achieved in RAN1 #81 [1]:
Agreements:
· 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 PUCCH CE issues, including PUCCH frequency hopping pattern and resource determination for CE.
PUCCH frequency hopping pattern for CE
Legacy PUCCH hops between both sides of the system bandwidth with the frequency locations of PUCCH PRBs symmetrical to the center of the system bandwidth. Frequency hopping between at least two PUCCH narrowband regions is always used for PUCCH CE. The frequency hopping pattern for PUCCH CE should inherit the symmetry property of legacy PUCCH, i.e. the frequency locations of different PUCCH hops are symmetrical to the center of the system bandwidth. Although the PRBs for the PUCCH resources for Rel-13 low complexity UEs are configured separately from legacy PUCCH, the at least two PUCCH narrowband regions for MTC are better to be indicated beside and are not prohibited to be overlap with the legacy PUCCH resources. Such a frequency hopping pattern has the benefits of reducing the segmentation on PUSCH resources and maximizing the frequency hopping distance, i.e. obtaining the maximum frequency diversity gain for PUCCH.
This PUCCH frequency hopping pattern for CE is illustrated in Figure 1 with one subframe for retuning depicted.


[bookmark: _Ref409184462]Figure 1 PUCCH frequency hopping pattern in enhanced coverage
Proposal 1: PUCCH in enhanced coverage should hop the frequency between the frequency resources symmetrical to the center of the system bandwidth.
One issue left FFS is whether or not slot-level hopping across narrowbands is supported. The proposed retuning time between narrowband regions for MTC varies between 76µs and 350µs and it is still discussing in RAN4 [2]. To avoid frequently retuning for MTC UEs and the usage of only part of the symbols in a slot, which may destroy the orthogonality of legacy OCC and require new design, hopping should not occur in every slot of PUCCH. As both slots in a subframe are agreed to be used for transmission of a PUCCH and the frequency location of a given slot stays the same for at least X subframes, the implementation of slot-level hopping across narrowbands with one slot as the possible guard time for retuning is shown in Figure 2.


[bookmark: _Ref409104165]Figure 2 The implementation of slot-level hopping across narrowbands
There are different ways for the UEs to retune PUCCH frequency, which will impact the resource utilization:
· The paired UEs retune at different slots. 
As shown in Figure 2, UE1 and UE2 are paired together using the same PRB frequency locations. At the same subframe, UE1 retunes at slot 1 and UE2 retunes at slot 0. The PRBs remained in the subframe with the same frequency location as UE1 and UE2 PUCCH can not be utilized by legacy PUCCH. Instead, the remained PRBs constitute a PRB pair which can be used by PUSCH or MTC PUCCH not operating CE. However, to use the resource efficiently, it requires the eNB to allocate PUCCH resources with the restriction that UEs should be divided into pairs and each pair of UEs retune at the same subframe. eNB may not always have paired UEs to be scheduled or the paired UEs may retune at different subframes depending on the PUCCH starting subframe and retuning granularity. As a consequence of that, the retuning slot may not be utilized and is wasted. As some UEs retune at the first slot of a subframe while other UEs retune at the second slot of a subframe, the retuning slot of PUCCH will be UE specifically chosen and it brings more specification impact.
· The paired UEs retune at the same slots.
As shown in Figure 2, UE3 and UE4 are paired together using the same PRB frequency locations. At a same subframe, both UE3 and UE4 retune at slot 1. The PRBs remained in the subframe with the same frequency location as UE3 and UE4 PUCCH are located in one slot, which can not be utilized by legacy PUCCH, MTC PUCCH as well as PUSCH and would be wasted.
The implementation of slot-level hopping across narrowbands using one slot for retuning causes resource utilization restriction as described above and has no obvious benefit. So slot-level hopping across narrowbands should not be supported.
Proposal 2: Slot-level hopping across narrowbands is not supported for UEs operating CE for PUCCH.
Another issue FFS is the value of X. X defines the frequency hopping granularity and the value should guarantee enough subframes for cross subframe channel estimation and minimize the time for retuning, which is discussed in the accompanied contribution [3].
PUCCH resource determination for CE
Narrowband regions indication by MTC SIB
Indicating the PUCCH narrowband regions for MTC per CE level by MTC SIB implies UEs operating different CE levels will transmit PUCCH in its corresponding narrowband regions. It is not efficiently utilizing the resources, because when the number of UEs in a CE level is small and the PUCCH resources in the narrowband region of that CE level are superfluous, the left PUCCH resources can not be used by UEs operating other CE levels. In such a circumstance, scattering PUCCH resources for UEs operating different CE levels in different narrowbands would cause unnecessary resource segmentation for PUSCH. The potential PUCCH performance degradation caused by near far effect of UEs with large differences in radio condition to be multiplexed together needs investigation and can be solved by eNB implementation, i.e., by allocating different PRBs in the narrowband regions for that UEs’ PUCCH.
Proposal 3: The indication of at least two PUCCH narrowband regions by MTC SIB is the same for all CE levels.
For all the PUCCH resources in a narrowband region to hop to the resources with the frequency location symmetrical to the center of the system bandwidth, the PUCCH narrowband regions used for PUCCH hopping between should be symmetrical to the center of the system bandwidth. To save MTC SIB signaling overhead, MTC SIB does not need to indicate all the PUCCH narrowband regions explicitly. MTC SIB can indicate a PUCCH narrowband region, and the other narrowband region for PUCCH to hop into can be determined implicitly from the indicated region according to the symmetry property.
Proposal 4: When a PUCCH narrowband region is indicated explicitly by MTC SIB, the other narrowband region for PUCCH to hop into can be determined implicitly from the indicated region at the symmetrical location to the center of the system bandwidth.
Resource determination within the narrowband regions
The resource determination within narrowband regions includes determining the starting narrowband region for PUCCH frequency hopping and determining the PUCCH resource within that narrowband region.
The resource determination within narrowband regions should be able to avoid the PUCCH resource collision between UEs operating CE and UEs not operation CE, or among UEs operating CE in different CE levels. An example case when PUCCH resource collision would happen is illustrated in Figure 3.


[bookmark: _Ref425789843]Figure 3 Possible PUCCH resource collision between UEs
In Figure 3, PDSCH of UE1 and UE2 can be successfully decoded in a same subframe but are scheduled by MPDCCH starting at different subframes. In current specification for PUCCH repetition, when a PDSCH transmission with a corresponding EPDCCH detected, the UE shall first transmit the corresponding HARQ-ACK response once using PUCCH resource derived from the corresponding EPDCCH CCE index, and repeat the transmission of the HARQ-ACK response always using PUCCH resource dedicatedly configured by higher layers. For the first PUCCH resource derived from the corresponding EPDCCH CCE index, it is determined by the lowest ECCE index used to construct the EPDCCH, ARO in the DCI of the corresponding EPDCCH and pucch-ResourceStartOffset. If MTC PUCCH reuses the current resource determination method and ARO as well as pucch-ResourceStartOffset for UE1 and UE2 are the same, PUCCH resource collision would happen between UE1 and UE2 as they have the same lowest M-PDCCH ECCE index. However, with the aid of some dedicated parameters such as pucch-ResourceStartOffset and ARO which can be configured differently for different UEs, eNB could avoid the PUCCH resource collision by the implementation of parameters configuration.
Although the current resource determination method for PUCCH repetition could avoid the PUCCH resource collision, it is not suitable for MTC PUCCH CE. Because the PUCCH resource in the first subframe of the repetition and the PUCCH resource in the later subframes are derived in different ways, which may result in different PRB locations. The different PRB locations in the first and the later subframe of the repetition go against the agreement that PUCCH frequency location for CE stays the same for at least X>1 subframes. To avoid this effect, PUCCH resource within the narrowband regions in all the subframes for repetition should always use the PUCCH resource dedicatedly configured by higher layers.
Proposal 5: The PUCCH resource within the narrowband regions for MTC UEs operating CE in all the subframes for repetition is derived by dedicated higher layer signaling.


PUCCH resources within all the narrowband regions can be numbered together or numbered separately. Assuming there are two PUCCH narrowband regions configured by MTC SIB for PUCCH hopping, the number of PUCCH resources within each narrowband region is N. If PUCCH resources within the two narrowband regions are numbered together, to indicate a PUCCH resource within the two narrowband regions, it requires bits for the higher layer signaling. Alternatively, if PUCCH resources within the two narrowband regions are numbered separately, the higher layer signaling uses 1 bit to indicate one of the narrowband region as the starting narrowband region for PUCCH frequency hopping and further use  bits to indicate a resource within the indicated narrowband region. The both methods have the same signaling overhead for higher layer signaling. Considering MTC UEs not operating CE would use other parameters such as ARO and the lowest ECCE constructing M-PDCCH in a PRB set to adjust the PUCCH resource within the narrow band regions [4], the former alternative is slightly preferred as it is easier to use the same dedicated higher layer signaling for UEs operating CE as UEs not operating CE and adjust the PUCCH resource across different narrowband regions.
Proposal 6: PUCCH resources within all the narrowband regions should be numbered together. 




When PUCCH hops the frequency in CE, the changing of PUCCH resource includes changing the narrowband region to the one at the symmetrical location to the center of the system bandwidth and changing the PRB location within the narrowband region. If a new indexing of PRBs within all the narrowband regions is used, it will be easier to determine the PRB location from the dedicated higher layer signaling and PRB location for frequency hopping. Assume there are PRB pairs within all the narrowband regions numbered from 0 to with the ascending frequency. If the start PRB index for frequency hopping within the narrowband regions which is derived from the dedicated higher layer signaling is denoted as, the PRB index changes to the PRB index within the new narrowband regions when PUCCH hops the frequency. 
Proposal 7: The new indexing of PRBs within all the narrowband regions has the benefit of easier calculation of the PRB index for frequency hopping.
Resource determination for Msg4 feedback
In current specification, pucch-ResourceStartOffset is used for deriving PUCCH feedback resource for a PDSCH scheduled by EPDCCH and is configured in EPDCCH configuration signaling. Msg4 for MTC is carried in a unicast PDSCH which can be scheduled by M-PDCCH in USS. As MTC SIB is detected prior to Msg4 detection, the narrowband regions for PUCCH are known when the UE sends Msg4 feedback. If the M-PDCCH initialization configuration can be known prior to Msg4 detection and contains the indication for PUCCH resource within the narrowband regions, the indicated PUCCH resource then can be used for Msg4 feedback operating CE.

Conclusions
This contribution discusses PUCCH for UEs operating enhanced coverage. We give the following proposals proceeding to the achieved agreements:
Proposal 1: PUCCH in enhanced coverage should hop the frequency between the frequency resources symmetrical to the center of the system bandwidth.
Proposal 2: Slot-level hopping across narrowbands is not supported for UEs operating CE for PUCCH.
Proposal 3: The indication of at least two PUCCH narrowband regions by MTC SIB is the same for all CE levels.
Proposal 4: When a PUCCH narrowband region is indicated explicitly by MTC SIB, the other narrowband region for PUCCH to hop into can be determined implicitly from the indicated region at the symmetrical location to the center of the system bandwidth.
Proposal 5: The PUCCH resource within the narrowband regions for MTC UEs operating CE in all the subframes for repetition is derived by dedicated higher layer signaling.
Proposal 6: PUCCH resources within all the narrowband regions should be numbered together..
Proposal 7: The new indexing of PRBs within all the narrowband regions has the benefit of easier calculation of the PRB index for frequency hopping.
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