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1 Introduction

The long PUCCH transmission and structure were discussed in RAN1#88 and RAN1#88bis and the following were agreed.

Agreements:

· For PUCCH in long-duration, it may have variable number of symbols with a minimum of 4 symbols in a given slot

· FFS the set of supported values

Agreements:
· For PUCCH in long duration, 

· At least for 1 or 2 UCI bits, the UCI can be repeated within N slots (N>1)

· The N slots may or may not be adjacent in slots where PUCCH in long duration is allowed

· Details are FFS, including repetition scheme including same or different formats, the possible value(s) N, the mechanism to determine the value of N, etc.

· FFS for >2 UCI bits

· FFS the case of within a slot
Agreements:

· For long duration NR-PUCCH in a given slot, FFS the detailed NR PUCCH formats. Companies are encouraged to provide the corresponding details. 

· Some examples as a starting point:

· For small UCI payload with 1 or 2 bit(s), LTE PUCCH 1a/1b especially in light of # of symbols available for NR-PUCCH

· FFS: Time domain OCC is applied over allocated multiple symbols.

· For large UCI payload with X bits, LTE PUCCH format 4, or PUSCH

· FFS on applicability of (virtual) frequency domain OCC

· FFS for the value of X

· FFS for medium UCI payload with less than X bits

· Scalability of NR-PUCCH for different number of symbols available for NR-PUCCH

· The set of the number of symbols for long duration NR-PUCCH in a slot includes {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}

· FFS whether or not it depends on the slot type, # of symbols per slot, etc.

This contribution considers aspects related to the variable duration and structures for the long PUCCH.
2 Variable Transmission Duration in a Slot
As the number of consecutive UL symbols for long PUCCH transmission can vary, UE multiplexing capacity per PRB based on OCCs in the time domain can also vary. Although a variable OCC length in the time domain does not materially increase eNB/UE design complexity and does not correspond to different PUCCH formats (variable OCC lengths already exist in LTE such as when a last PUCCH symbol can be punctured for SRS transmission), it may complicate applicability of time-domain OCC to increase UE multiplexing capacity. 
However, not all NR deployments will have a variable number of consecutive UL symbols for long PUCCH transmission. For example, when NR operates similar to LTE, or for LTE-NR coexistence on a same UL carrier, the number of consecutive UL symbols for long PUCCH transmissions can be fixed. This can also be the case in general as a gNB can configure a number of UL symbols that UEs can assume available for long PUCCH transmission. The main consideration for applying time-domain OCC is for PUCCH formats based on LTE PUCCH formats 1/1a/1b. Applying time-domain OCC to those PUCCH formats increases multiplexing capacity by a factor of 3. It has been argued that such an increase is unnecessary as it can result to interference limited operation. However, this is true only when a number of UEs multiplexed in a same PRB is near the maximum multiplexing capacity and only when inter-cell interference is aligned on PUCCH PRBs – a rather unlikely scenario. 
One case of particular interest is the SR that can require significant overhead as there is always a desire for short SR periodicities. Reducing the multiplexing capacity by a factor of 3 will result to a corresponding SR overhead increase in NR compared to LTE. It is noted that SR overhead in LTE can be large. Further, it is unlikely that all UEs configured for SR transmission in a same PRB at a same time will actually transmit SR and potential interference-limited operation, even if PUCCH PRBs are aligned among cells, is also unlikely. If time-domain OCC multiplexing is used for SR, it should also be used for HARQ-ACK in order to use the LTE approach for multiplexing HARQ-ACK and SR transmissions from a same UE.  
Proposal 1: The ability to apply OCC-based time-domain multiplexing should be a design criterion in determining the structure of a long PUCCH format for transmission of 1 or 2 HARQ-ACK bits or of 1-bit SR. 

To support variable time duration for a PUCCH format that is transmitted over a minimum of 4 symbols and supports frequency hopping, the basic unit should be the pair of {1 DMRS symbol, 1 HARQ-ACK symbol}. For an odd number of symbols, and considering that the HARQ-ACK payload is 1 or 2 bits, it does not make any material different if the selected symbol from the above pair is a DMRS symbol or a HARQ-ACK symbol. To enable faster channel estimation, it can be a HARQ-ACK symbol. 

Proposal 2: NR supports a PUCCH format for transmission of 1 or 2 HARQ-ACK bits with a pair of {1 DMRS symbol, 1 HARQ-ACK symbol} as its basic unit. For an odd number of transmission symbols per RB, the unpaired symbol is used for HARQ-ACK. 
LTE PUCCH formats 4 and 5 are scalable in the time domain, due to the absence of OCC and the existence of only 1 DMRS per slot, and respective structures can be re-used in NR. PUCCH format 5 is applicable only for payloads up to about 60 bits while offering a somewhat reduced overhead compared to PUCCH format 4 that directly re-uses the PUSCH structure. Those two formats offer duplicated designs. PUCCH format duplication should be avoided in NR and if overhead optimization for smaller UCI payloads is desired, a scalable design based again on PUCCH format 4 can apply where the minimum resource granularity is a number of sub-carriers instead of a RB (similar to NB-IoT PUSCH transmissions [1] of Rel-15 efeMTC PUSCH transmissions [2] in LTE). If sub-RB transmission is supported, the PUCCH format can be applicable for any HARQ-ACK payload.
Proposal 3: NR supports a long PUCCH format using the PUSCH structure. 

3 Transmission with Repetitions
A long PUCCH transmission with repetitions (UE-specific, configured by higher layers or DCI), potentially over numbers of discontinuous symbols, needs to address at least the following two issues in NR:

a) Determination by the UE of symbols available for PUCCH repetitions.
b) Multiplexing with a PUSCH transmission.
For the first issue, the following can be further considered:

a) The UE assumes the same structure for each PUCCH repetition, for example in M symbols from every N symbols. This can be configured by higher layers or DCI. For example, for LTE-type FDD operation, repetitions can be as in LTE FDD (M=N). For dynamic TDD operation, if the UE is configured to transmit long PUCCH in the last M=4 symbols every N=7 symbols, the UE can assume that the gNB will ensure that those symbols are UL symbols.   
b) The UE is configured by higher layers a TDD LTE-like UL/DL configuration over a period/number of slots or subframes (and configured by higher layers or DCI a number of repetitions for PUCCH transmission).

c) The UE determines the ‘slot structure’ from UE-group common PDCCH. This allows full flexibility. When the UE fails to detect the UE-group common PDCCH, the UE may not transmit PUCCH. The overall effect on UCI detection is minimal as it is conditioned on the UE failing to detect UE-group common PDCCH, and the gNB failing to detect PUCCH DTX, and the gNB making an error (unlikely when HARQ-ACK is protected by CRC). 
d) Different approaches are suitable for different operating environments and network configuration can be beneficial.
However, in addition to increasing UE/gNB complexity, latency, and number of required HARQ processes, long PUCCH repetitions are unnecessary except for power/coverage limited UEs. For the majority of UEs in a cell or for all UEs in small cells (where dynamic DL/UL symbol adaptation is more meaningful), a simpler solution is to dimension power and/or frequency resources instead of time resources. For example, for long PUCCH conveying HARQ-ACK, configured resources can include multiple values for the number of RBs, as for PUCCH format 4 in LTE, and the gNB can indicate a resource that considers the number of symbols for long PUCCH transmission and the UCI payload. 
Proposal 4: Each resource in a set of resources that a UE is configured for long PUCCH transmissions is separately configured a size in number of sub-carriers.
In LTE, the PUSCH is the coverage limiting channel and the same will hold in NR for small UCI payloads while large UCI payloads are not associated with coverage limited UEs for long PUCCH transmissions. LTE supports multi-subframe PUCCH transmission only for PUCCH formats 1a/1b for non-BL/CE UEs and this is only needed when there is heavy UE multiplexing in a PRB; otherwise, the transmission power is adjusted. Similar, in NR, long PUCCH repetitions can be limited to coverage-limited UEs. LTE also enables a network to configure PUCCH format 4 transmissions over a variable number of PRBs to achieve sufficiently low code rate. NR should maintain this LTE capability. This can also be used to account for possible variations in the number of symbols available for long PUCCH transmission as this directly affects the code rate. 
In addition to allowing simpler operation, single repetition for a long PUCCH transmission also avoids operational complexities associated with having to support overlapping long PUCCH and PUSCH transmissions (from non-coverage limited UEs) with different durations and different starting symbols (simultaneous PUCCH and PUSCH transmissions cannot be beneficial when a UE is coverage limited) and avoids the need to operate with more HARQ processes than the UE needs, thereby improving data rates and latency. 
Therefore, long PUCCH transmissions with repetitions can be limited to coverage limited UEs, LTE behavior can generally apply (including potentially limiting support for repetitions only to the long PUCCH format based on the PUCCH format 1a/1b structure), and further optimizations that lead to additional complexity and are not essential. 
Observation: Long PUCCH transmission with repetitions only needs to apply for coverage limited UEs.
4 Conclusions

This contribution considered aspects related to supporting long PUCCH transmissions with variable duration and proposes the following. 
Proposal 1: The ability to apply OCC-based time-domain multiplexing should be a design criterion in determining the structure of a long PUCCH format for transmission of 1 or 2 HARQ-ACK bits or of 1-bit SR. 

Proposal 2: NR supports a PUCCH format for transmission of 1 or 2 HARQ-ACK bits with a pair of {1 DMRS symbol, 1 HARQ-ACK symbol} as its basic unit. For an odd number of transmission symbols per RB, the unpaired symbol is used for HARQ-ACK. 
Proposal 3: NR supports a long PUCCH format using the PUSCH structure. 

Proposal 4: Each resource in a set of resources that a UE is configured for long PUCCH transmissions is separately configured a size in number of sub-carriers.

In addition, the following observations are made.
Observation: Long PUCCH transmission with repetitions only needs to apply for coverage limited UEs.
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