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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 some remaining details of PUCCH configuration for Rel-13 low complexity MTC UEs not operating CE. PUCCH CE and the issues FFS in the above agreements are discussed in [2].
PUCCH collision to be avoided to configure PUCCH resource for MTC
In current specification, for PDSCH scheduled by EPDCCH, the PUCCH HARQ-ACK resource is determined by the lowest ECCE index used to construct the EPDCCH in an EPDCCH PRB set, ARO in the DCI of the corresponding EPDCCH and pucch-ResourceStartOffset. Although pucch-ResourceStartOffset is dedicatedly configured, it is usually the same for a group of legacy UEs. ARO is used to eliminate the PUCCH resource collision between the resources derived from the same EPDCCH first ECCE index in different PRB sets, or between the resources derived from the same PDCCH first CCE index and EPDCCH first ECCE index.
Rel-13 low complexity MTC UEs transmit PUCCH in the common PUCCH narrowband regions as they are configured by MTC SIB. The PUCCH resource within the narrowband regions should be determined in a dedicate manner for MTC UEs. If the determination of PUCCH resource within the narrowband regions is based on the lowest ECCE index used to construct the M-PDCCH in an M-PDCCH PRB set, the following additional cases of PUCCH resource collision should be avoided.
1) PUCCH resource collision between Rel-13 low complexity MTC UEs and legacy UEs
As the PDSCH in a subframe for Rel-13 low complexity UEs and legacy UEs are scheduled by DCI in different subframes, PUCCH resource collision between Rel-13 low complexity MTC UEs and legacy UEs is a new case to be avoided for determining PUCCH resources for MTC. As shown in Figure 1, PDSCH of legacy UE1 and UE2 are scheduled by DCI in PDCCH and EPDCCH respectively in the same subframe, while PDSCH for Rel-13 low complexity MTC UE3 is scheduled by DCI in M-PDCCH in previous subframe. The first CCE /ECCE index for legacy UE1/UE2 in subframe n could be the same as or a little different from the first ECCE index of M-PDCCH in subframe n-k for Rel-13 low complexity UE3. There would be PUCCH resources collision between Rel-13 low complexity MTC UE3 and legacy UE1/UE2, if eNB configures the same dedicate parameters for the PUCCH resources determination of these UEs. 


[bookmark: _Ref425848509]Figure 1 PUCCH resource collision between Rel-13 low complexity UEs and legacy UEs
2) PUCCH resource collision between Rel-13 low complexity MTC UEs with different DL scheduling delays (different k value)
As is agreed in the last meeting [1], the DL scheduling delay k is >=2 for case 1 when DCI indicates one of narrowband and further indicate resource allocation within narrow-band for unicast PDSCH, and k is equal to 1 for case 2 that UE can assume PDSCH is scheduled in the same or a known narrowband and FFS. PDSCH in a subframe for Rel-13 low complexity UEs may be scheduled by DCI in different previous subframes owing to different k values, which would result in PUCCH resource collision between Rel-13 low complexity MTC UEs. An example is depicted in Figure 2 if case 2 is defined. M-PDCCH for MTC UE1 schedules a PDSCH in the same narrow with a delay k=1, while M-PDCCH for MTC UE2 schedules a PDSCH in a different narrow with a delay k=2. The first ECCE indices of M-PDCCH for MTC UE1 and M-PDCCH for MTC UE2 could be the same. PUCCH resources collision occurs when eNB configures the same dedicate parameters for the PUCCH resources determination of these UEs.


[bookmark: _Ref425857621]Figure 2 PUCCH resource collision between Rel-13 low complexity UEs with different k value
Observation: PUCCH resource determination for Rel-13 low complexity MTC UEs should consider the possible resource collision
· Between Rel-13 low complexity MTC UEs and legacy UEs;
· Between Rel-13 low complexity MTC UEs with different DL scheduling delays (k values).
PUCCH resource determination for Rel-13 low complexity MTC UEs not operating CE
PUCCH narrowband regions indicated by MTC SIB is common for Rel-13 low complexity MTC UEs operating and not operating CE. As discussed in [2], MTC SIB does not need to indicate all the PUCCH narrowband regions explicitly. When a PUCCH narrowband region is indicated explicitly by MTC SIB, another narrowband region can be determined implicitly from the indicated region at the symmetrical location to the center of the system bandwidth.
In this section, we discuss and analyze the schemes to determine the PUCCH resource for HARQ-ACK feedback within the narrowband regions for MTC UEs not operating CE. PUCCH resource determination for Rel-13 low complexity MTC UEs had been discussed several meetings and some new parameters were proposed to be taken into account in the resource calculation.
· Scheme 1: PUCCH resource within the narrowband regions for MTC is calculated based on narrow band index of M-PDCCH or narrow band index of PDSCH
Because the narrow band index of M-PDCCH could be the same with the lowest CCE/ECCE index to construct legacy PDCCH/EPDCCH, and the narrow band indices of M-PDCCH in different subframes scheduling PDSCH in the same subframe could be the same, the PUCCH resource collision described in the previous section cannot be avoided without the assistance of higher layer or physical layer dedicated parameters. If PUCCH resource for MTC is calculated based on narrow band index of PDSCH, the PUCCH resource collision between Rel-13 low complexity MTC UEs and legacy UEs also may happen without dedicated parameters. 
Furthermore, dedicated parameters are also needed to separate the PUCCH resources for PDSCH scheduled by M-PDCCH in the same narrow band or PDSCH in the same narrow band. 
The number of PUCCH resources which can be differentiated by narrow band index, i.e. the range of this parameter, depends on the system bandwidth. The maximum value is 16 in a 20MHz system if fixed 6 PRBs in a narrowband, which is smaller than the maximum number of ECCE index 24 if 6 PRB pairs are configured for M-PDCCH.
· Scheme 2: PUCCH resource within the narrowband regions for MTC is calculated based on the lowest PRB index of PDSCH. The PRB indices are the numbering of PRBs within the narrowband of PDSCH, or the PRB indices are the numbering of PRBs within system bandwidth.
The PUCCH resource collision between Rel-13 low complexity MTC UEs and legacy UEs exists without different dedicated parameters in higher layer or physical layer signaling in this scheme, as the lowest PRB index of PDSCH could be the same as the lowest CCE/ECCE index to construct legacy PDCCH/EPDCCH.
When the PRBs within the narrowband of PDSCH are numbered as 0~5 and the lowest PRB index of PDSCH is used to calculate PUCCH resource, only 6 PUCCH resources can be differentiated by this parameter and dedicated parameters are also required to differentiate PUCCH resources for PDSCH in different narrowbands.
Although calculating PUCCH resource based on lowest PRB index of PDSCH which is the numbering of PRBs within system bandwidth has the benefit of differentiating all the PUCCH resources in a subframe for MTC UEs, this scheme imposes high restriction on PUCCH resource utilization. For example, if only two PDSCH are correctly decoded by two UEs in a subframe, the lowest PRB indices may correspond to PUCCH resources in the HARQ-ACK feedback subframe which are located at the two edges of a narrowband region and cause PUSCH resource segmentation.
· Scheme 3: PUCCH resource within the narrowband regions for MTC is calculated reusing the current mechanism based on the lowest ECCE index constructing M-PDCCH in a PRB set
The design of PUCCH resource determination within the narrowband regions should reuse the current mechanism as much as possible to pursue the minimum specification impact. The premise is that no significant problem is found. Introducing the new parameters as described in scheme 1 and scheme 2 is considered to have no obvious benefit and more specification impact.
Reusing the current mechanism based on the lowest ECCE index constructing M-PDCCH in a PRB set, eNB has the ability of avoiding PUCCH resource collision described in the previous section by configuring different physical layer parameters ARO and dedicated higher layer parameters similar to pucch-ResourceStartOffset-r11.
Proposal: Reusing the current mechanism for HARQ-ACK feedback resource determination of PDSCH scheduled by EPDCCH to calculate PUCCH HARQ-ACK feedback resource within the narrowband regions for MTC UEs not operating CE, i.e. the PUCCH resource within the narrowband regions is determined based on:
· The lowest ECCE index constructing M-PDCCH in a PRB set;
· Physical layer parameter ARO;
· Dedicated higher layer parameter. 
Similar to PUCCH resource determination for MTC UEs operating CE discussed in [2], all the PUCCH resources in different narrowband regions could be numbered together. The dedicated higher layer parameter is addressing the PUCCH resources within the narrowband regions so that the range of this parameter can be smaller than the current pucch-ResourceStartOffset-r11..



To derive the PRB index from the PUCCH resource index within the narrowband regions, the new indexing of PRBs within all the narrowband regions [2] has the benefit of reusing the current formulae. Assume there are PRB pairs within all the narrowband regions numbered from 0 to with the ascending frequency. The PRB index within the narrowband regions for PUCCH HARQ-ACK feedback can be calculated by:

, 

Where

,

Wherein is the index of the PUCCH resource within the narrowband regions derived based on the above proposal and other parameters can be configured for MTC UEs with similar meaning to legacy parameters. An example of deriving the PRB index of PUCCH for MTC UEs not operating CE is shown in Figure 3 when there are two narrowband regions configured by MTC SIB.


[bookmark: _Ref425874797]Figure 3 PRB index determination of PUCCH for MTC UE not operating CE

Conclusions
This contribution discusses remaining details of PUCCH configuration for Rel-13 low complexity MTC UEs not operating CE. The following observation and proposal are presented:
Observation: PUCCH resource determination for Rel-13 low complexity MTC UEs should consider the possible resource collision
· Between Rel-13 low complexity MTC UEs and legacy UEs;
· Between Rel-13 low complexity MTC UEs with different DL scheduling delays (k values).
Proposal: Reusing the current mechanism for HARQ-ACK feedback resource determination of PDSCH scheduled by EPDCCH to calculate PUCCH HARQ-ACK feedback resource within the narrowband regions for MTC UEs not operating CE, i.e. the PUCCH resource within the narrowband regions is determined based on:
· The lowest ECCE index constructing M-PDCCH in a PRB set;
· Physical layer parameter ARO;
· Dedicated higher layer parameter. 
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