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Introduction
Regarding PUCCH with long duration, the following has been agreed: 
Agreements: [2]
· Physical uplink control signaling should be able to carry at least hybrid-ARQ acknowledgements, CSI reports (possibly including beamforming information), and scheduling requests
· Support ‘UCI on PUSCH’, i.e. using some of the scheduled resources for UCI in case of simultaneous UCI and data
· Support ‘simultaneous PUSCH and PUCCH at least for the long PUCCH format’, i.e. transmit uplink control on PUCCH resources even in presence of data
· At least a low PAPR/CM design should be supported for the ‘long PUCCH’
· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’
· It should be possible to dynamically indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI.

· A UCI carried by long duration UL control channel at least with low PAPR design can be transmitted in one slot or multiple slots
· Transmission across multiple slots should allow a total duration of [1] ms at least for some cases
· FFS: more than [1] ms at least for some cases
· FFS the numbers of the slots

· For UL control channel with long duration, TDM between RS and UCI is supported at least for DFT-S-OFDM
· FFS on location of RS symbol(s) (e.g., front-loaded RS, fixed-location RS)

Agreements: [3]
· For PUCCH in long-duration,
· Long UL-part of a slot can be used for transmission of PUCCH in long-duration.
· i.e., PUCCH in long-duration is supported for both UL-only slot and a slot with the number of uplink symbols greater than X (X >= 2).
· FFS exact value of X
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.
· Intra-slot frequency-hopping is supported

· For further discussion of PUCCH in short-duration, UCI payload of 1 – at least a few tens of bits (or SR) is assumed.
· For further discussion of PUCCH in long-duration, UCI payload of 1 – at least a few hundreds of bits (or SR) is assumed.
· For PUCCH in long-duration, DFT-s-OFDM waveform is supported.
· For PUCCH in long-duration, transmit antenna diversity is supported.
· FFS: PUCCH in short-duration

Agreements: [4]
· For a given UCI payload, long-PUCCH is designed such that:
· FFS: UE multiplexing capacity should be same/similar to LTE PUCCH
· PAPR/CM should be same/similar to LTE PUCCH except for NR CP-OFDM case (if supported)
· Frequency-diversity gain should be same/similar to LTE PUCCH
· Interference randomization should be enabled
· For more than 2 UCI bits, strive for scalable design with long-PUCCH with respect to the number of UCI bits
· Strive for scalable design with long-PUCCH with respect to the number of symbols

· Both TDM and FDM between short duration PUCCH and long duration PUCCH are supported at least for different UEs in one slot

· 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

· 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
· NR supports PUCCH resource allocation for HARQ-ACK transmission with following manner.
· A set of PUCCH resources is configured by high layer signaling
· FFS: other mechanisms
· A PUCCH resource within the configured set is indicated by DCI.

Agreements: [5]
· 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.

In this contribution we discuss our view on the principles that should be considered for the design of long PUCCH. More details on the design aspects are provided in our companion contributions [8][9].
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With respect to the design principles for the long PUCCH, it is desirable not to have spreading in time as we discussed in our previous contributions [6][7]. The motivation is that due to the flexible frame structure of NR the time duration of an UL transmission in an UL slot can vary (e.g.NR defines different slot lengths, UL heavy or UL only slots, extended cyclic prefix), not considering this fact may lead to even more PUCCH formats. We propose to design long PUCCH agnostic w.r.t. to number of UL OFDM symbols. PUCCH should not rely on block-spreading across OFDM symbols for multiplexing but instead on multiplexing per symbol.
However, in prior discussions in 3GPP, a goal to have as much multiplexing capacity as LTE at least for one format has been discussed. Considering the added flexibility in NR, having the same multiplexing capacity is strictly not necessary. However, it is fine to consider this since this is being desired only for 1-2 bits. 
LTE supports PUCCH Format 1/1a/1b for payload sizes 1 and 2 bits which enables multiplexing of up to 36 users. Therefore, we would like to have one PUCCH format similar to 1a/1b for 1-2 bits with its multiplexing capacity and performance depending on the length of the long PUCCH. Based on the study presented in our companion contribution [8], we observed that a good compromise between multi-user capacity and performance can be achieved. Using the general illustration of long PUCCH format shown in Figure 1, the study in [8] shows that with the setup shown in Figure 2 is a reasonable design option for the long PUCCH intended to carry 1-2 UCI bits. 
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[bookmark: _Ref481783525]Figure 1: General illustration of Long PUCCH format with 14 symbols (as an example)
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[bookmark: _Ref481697925]Figure 2: Illustration of the proposed structure for the long PUCCH for 1-2 UCI bits
To reduce the complexity, it is important to minimize the number of formats unless there is any significant benefit to adding more. Therefore, we would like to have only one additional format for larger number of payload bits.
Given that 3GPP already agreed that DFTS-OFDM is supported for long PUCCH, reviewing the LTE PUCCH formats for larger payloads, having NR PUCCH design based on LTE PUCCH Format 3 which introduces block spreading in time and limited coding rate, may not be sufficient to support large payload sizes without introducing additional format. PUCCH Format 2 in that sense is preferable but improvements are also needed to increase the range of supported payload sizes. 
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[bookmark: _Ref481786008][bookmark: _Ref481785997]Figure 3: Comparison between long PUCCH design based on Format 2 and Format 3 assuming different number of reference symbols (RS), as well as different number of UCI bits and symbols in PUCCH.
Figure 3 illustrates how a long PUCCH design based on Format 2 or Format 3 can differently affect the multi-user capacity as well as the performance gain with respect to the supported number of UCI bits. We can easily observe that Format 2 based long PUCCH has a better multiplexing capacity at the cost of performance while Format 3 based long PUCCH can have a better performance at the cost of multiplexing capacity. Therefore, one approach is to introduce two formats depending on the payload size or aim on only one format which achieves good performance irrespective of the payload size and reasonable multiplexing capacity as well as being length agnostic.
In general, to cope with varying payload sizes up to a few hundred bits it is necessary to support different bandwidths for long PUCCH. PUCCH Format 4 in LTE supports variable and large payload sizes up to several hundred bits. The large payload sizes are enabled by several PRBs bandwidth. However, even if only a single PRB is allocated it supports a rather large payload size and since it does not offer multiplexing multiple users onto the same time-frequency resource PUCCH Format 4 is not very effective for small payloads. PUCCH Format 5 in LTE enables multiplexing of two users using block-spreading per DFTS-OFDM symbol which is in line with our proposal on multiplexing of PUCCH should not introduce dependencies across DFT-spread symbols. However, PUCCH Format 5 has a fixed bandwidth of one PRB. To unify bandwidth flexibility and multiplexing capability in a clean way we propose to base PUCCH multiplexing on FDM or CDM. More design details are provided in our companion contribution [9]. It is shown there that our proposed design format enables multiplexing maximum 6 UEs per PRB independent of the long PUCCH size for any size of the payload bits and enjoying lower coding rates than a design based on Format 2 or 3 without introducing block-spreading across PUCCH symbols.
 Based on the above discussion we propose the following for the design of long PUCCH in NR:
Proposals:
· Block-spreading over DFTS-OFDM symbols should be avoided if possible. 
· The number of formats should be minimized unless there is any significant benefit to adding more.
· Two long PUCCH format are supported in NR:
· One PUCCH format similar to 1a/1b for 1-2 bits with its multiplexing capacity and performance depending on the length of the long PUCCH
·  One additional format similar to Format 5 for up to 100s of bits where additional multiplexing capacity can be achieved either via Frequency combs or via OCCs in time 
· Frequency hopping should be supported for long PUCCH.
Conclusion
In this contribution we discussed our view on the principles that should be considered for the design of long PUCCH and proposed the following. 
Proposals:
· Block-spreading over DFTS-OFDM symbols should be avoided if possible. 
· The number of formats should be minimized unless there is any significant benefit to adding more.
· Two long PUCCH format are supported in NR:
· One PUCCH format similar to 1a/1b for 1-2 bits with its multiplexing capacity and performance depending on the length of the long PUCCH
·  One additional format similar to Format 5 for up to 100s of bits where additional multiplexing capacity can be achieved either via Frequency combs or via OCCs in time 
· Frequency hopping should be supported for long PUCCH.
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