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In RAN1#82bis meeting, the following agreements were made for PUCCH transmission:
RAN1#82bis agreement:
· 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 discuss some remaining details of PUCCH transmission raised in the email discussion, including:
· Supported PUCCH Formats
· Implicit resource derivation for PUCCH Format 1A
· ARO for large CE
· ACK/NACK bundling for FDD
· PUCCH RRC Parameters 
Discussion
2.1   Supported PUCCH Formats
As per RAN1#82bis, PUCCH formats 1/1a/2/2a are supported for Rel-13 MTC.  
For FDD, PUCCH formats 1b/2b are intended for supporting devices capable of MIMO or CA.  Similarly, PUCCH format 3 is intended to support devices with Carrier Aggregation capabilities up to 5 carriers.  Therefore given the low cost and single receiver nature of MTC devices, we do not see an immediate need for FDD Rel-13 MTC devices to support either PUCCH formats 1b/2b or 3.  However for TDD Rel-13 MTC devices there may be a case to support PUCCH format 1b/2b for ACK/NACK bundling.
In future however, if higher peak data rates are required from MTC devices, then UL ACK/NACK bundling may justify re-considering PUCCH formats 1b/2b/3.
Proposal 1:     PUCCH formats 1b/2/3 are not supported by FDD Rel-13 MTC devices
Proposal 2:     PUCCH format 3 is not supported by TDD Rel-13 MTC devices.  
2.2   Implicit Resource Derivation for PUCCH format 1a
As per RAN1#82bis, the detailed implicit resource derivation for PUCCH format 1a is FFS.  As discussed in previous meetings, using the same method as legacy albeit with extended ARO and separate PUCCH resource regions, may avoid collisions but comes at the cost of:
· ARO bits in the DCI
· Potentially Inefficient usage of the PUCCH
An alternative method is presented below that has the benefits of:
· Reduced signalling (no ARO bits required in the DCI)
· Improved utilization efficiency
In order to avoid collision and improve the utilization efficiency of PUCCH resource for LC UEs operating CE, the PUCCH resource allocation should be modified as follows:  

  (1) distributed transmission:     

  (2) localized transmission:       

For the above equations:
· 
 		is the ECCE index for that UE’s EPDCCH, e.g. if the AL is 8, this can take values {0, 8, 16} alternatively if the AL is 24, this can take value {0}
· 
 		is the smallest AL value of the different EPDCCH narrowbands associated with same PUCCH subframe, example values include 8, 16, 24
· 
	is narrowband index of EPDCCH (NB index in tables 1 & 2 below)
· 
		is the starting offset for MTC PUCCH resources 



Taking distributed transmission as example,  (where the  offset is 0) for 20M system bandwidth with the smallest AL 8 and 24 are shown in table 1 and 2.

TABLE 1. The PUCCH resource allocation for 20M BW with the  8



TABLE 2. The PUCCH resource allocation for 20M BW with the  24



Such resource allocation scheme introduces the narrowband index of EPDCCH and AL, ensuring the collision can be avoided and the resource utilization efficiency can be improved. But if the difference of AL of different UEs is as large as table 1 shows, some resource can not be used by UEs with higher AL, the resource utilization efficiency will reduce. So it is recommended to configure the UEs with the same or similar ALs to use the same EPDCCH narrowbands.

For MTC UEs with different repetition levels, the timing gap between EPDCCH and corresponding PUCCH with different repetition is different, if their PUCCH are located in the same subband with the same lowest ECCEs index, then collision may occur. We can give MTC UEs with different repetition level different  starting offsets (each specific to a given repetition/CE level) to place them into different regions. These offsets can be indicated in the SIB.
The PUCCH resource for MTC UEs with different repetition levels belong to different ranges, adjacent but not overlap, so collision can be avoided. The collision resolution diagram is shown in figure 2.


Figure 2. The collision solution for LC-CE MTC UEs


Proposal 3:  Implicit resource derivation for PUCCH format 1a, is based on a function of the:
· The associated M-PDCCH AL
· The associated M-PDCCH lowest ECCE index 
· The associated M-PDCCH narrowband index
Proposal 4:  The MTC SIB supports the broadcast of different starting offsets for PUCCH resource(s) for different repetition levels.
2.3   ARO for large CE
If proposal 2 is agreed, then ARO bits are no longer required.  
If proposal 2 is not agreed, then we support for Mode B an increase in the ARO size to 3 bits.  As for legacy ARO, there would be a predefined table (like TS36.213 Table 10.1.2.1-1) to define the offset values for a specific ARO field.  With 3 bits, we feel there should be sufficient dynamic range to accommodate the various mode B conditions.
The alternative is to specify 4 or more bits for ARO and explicitly indicate the number the offset required, but in our opinion for UL MODE B traffic which is likely to be infrequent and which is delay tolerant we do not feel the extra flexibility warrants the additional repetitions on the DL.
Proposal 5a:  If Proposal 2 is accepted, then:
· no ARO bits are required for either MODE A or MODE B
Proposal 5b:  If Proposal 2 is NOT accepted, then:
· 3 bits are recommended to support the Mode B DCI ACK/NACK Resource offset field.  Similar to legacy, these bits provide an index to pre-defined offset value defined in specifications.

2.4   ACK/NACK bundling for multiple PDSCH for FDD
In principal, FDD PUCCH ACK/NACK response bundling could potentially increase the peak data rate supported in the best coverage scenarios (zero repetitions).  However for the following reasons we do not support this option for this release:
· It would additional signaling to manage which mode is used, including valuable DCI bits equivalent to the TDD DAI bits.
· It would add to specification and testing changes, as no equivalent option (ACK/NACK bundling) exists now for single carrier FDD.
· Rel-13 MTC is primarily about cost and coverage and not about peak data throughput.
Proposal 6:  ACK/NACK bundling for multiple PDSCH for FDD is not supported.

2.5   RRC Parameter to define number of PUCCH repetitions
We prefer 2 bits to be used to indicate to the number of PUCCH repetitions using a set of predefined values specific to the coverage Mode (A or B).  Example values for those sets are given below:
· Mode A {1, 2, 4, 8}
· Mode B {8, 16, 32, 64}
We believe this option offers the best compromise between:
· Flexibility – is there sufficient dynamic range?
· Efficiency – how many bits are required?
· Specification Impacts – how many changes to specifications are required?
· Testing/Development Impacts – what is the testing impact?

Proposal 7:   2 bits are used to indicate to the number of PUCCH repetitions, using a set of predefined values specific to either Mode A or Mode B.
Conclusions
In this contribution we have discussed various remaining details of the Rel-13 MTC PUCCH design. Based on that discussion we have the following proposals:
Proposal 1:     PUCCH formats 1b/2/3 are not supported by FDD Rel-13 MTC devices
Proposal 2:     PUCCH format 3 is not supported by TDD Rel-13 MTC devices.  
Proposal 3:  Implicit resource derivation for PUCCH format 1a, is based on a function of the:
· The associated M-PDCCH AL
· The associated M-PDCCH lowest ECCE index 
· The associated M-PDCCH narrowband index
Proposal 4:  The MTC SIB supports the broadcast of different starting offsets for PUCCH resource(s) for different repetition levels.
Proposal 5a:  If Proposal 2 is accepted, then:
· no ARO bits are required for either MODE A or MODE B
Proposal 5b:  If Proposal 2 is NOT accepted, then:
· 3 bits are recommended to support the Mode B DCI ACK/NACK Resource offset field.  Similar to legacy, these bits provide an index to pre-defined offset value defined in specifications.
Proposal 6:  ACK/NACK bundling for multiple PDSCH for FDD is not supported.
Proposal 7:   2 bits are used to indicate to the number of PUCCH repetitions, using a set of predefined values specific to either Mode A or Mode B.
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