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Introduction
RAN1 has agreed on some aspects of long PUCCH design. Some of these are presented below, out of which a few are highlighted for consideration in this contribution, leading to some design proposals.
Agreements at RAN1#88bis:
· 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.
· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.
· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.
· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH
· FFS: other multiplexing scheme(s) between the two NR-PUCCHs
· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)


Agreements at RAN1#88:
· 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
· 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
· Study further multi-beam based NR-PUCCH transmission for robustness against beam pair link blocking
· E.g., UE transmits NR-PUCCH on different UL Tx beams in different NR-PUCCH OFDM symbols
· FFS: multi-beam triggering condition/mechanism (e.g. event-triggered, network configured, etc.)
· FFS: number of OFDM symbols for each beam


Agreements at RAN1#NR-Adhoc:
· 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

· NR-PDCCH transmission supports robustness against beam pair link blocking
· UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where
· M≥1. Maximum value of M may depend at least on UE capability.
· FFS: UE may choose at least one beam out of M for NR-PDCCH reception
· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols
· FFS: NR-PDCCH on one beam pair link is monitored with shorter duty cycle than other beam pair link(s). 
· FFS: time granularity of configuration, e.g. slot level configuration, symbol level configuration
· FFS: Note that this configuration applies to scenario where UE may not have multiple RF chains
· FFS: The definition of monitoring NR-PDCCH on beam pair link(s).
· Parameters related to UE Rx beam setting for monitoring NR-PDCCH on multiple beam pair links are configured by higher layer signaling or MAC CE and/or considered in the search space design
· FFS: Required parameters
· FFS: Need to support both higher layer signaling and MAC CE
.
Multi-beam NR-PUCCH
Beamformed transmissions are a critical component of NR, especially for >6GHz and millimeter wave bands, where beamforming is essential to overcome poor OTA channel propagation characteristics. The highly directional nature of these transmissions implies that they are highly susceptible to various blocking scenarios, such as hand or body blocking at the UE. Multi-beam transmissions, i.e., allowing the same transmission to be sent/received on different beams, is a very important strategy to improve robustness against these blockage scenarios. With single beam communication, blockage on the only active beam has to be corrected in a time consuming manner by beam management/recovery procedures, involving recognizing the blockage, determining an alternative beam, and then switching to that alternative beam. The control signaling between gNB and UE needed to complete these procedures is itself highly prone to failure due to the very blockage event that it is trying to correct for. This results in likelihood of a larger failure event (such as RLF) which requires even more time-consuming recovery mechanisms. Multi-beam operation allows a more dynamic identification of such blockage events, and faster and more robust switching to an unblocked beam while the blocked beam is repaired/replaced.
Based on such considerations, RAN1 has already agreed as noted in Section 1, that NR shall support multi-beam PDCCH operation. The UE may monitor PDCCH on multiple beam pair links. RAN1 has also agreed, as noted in Section 1, to study multi-beam PUCCH operation. To that end, we observe that the same blockage issues that motivated multi-beam PDCCH can affect both uplink and downlink. In situations where reciprocity applies, blockage affects both uplink and downlink together. In non-reciprocal scenarios, blocking events can be independent on downlink and uplink, and thus, multi-beam PDCCH operation does not offer any extra robustness for the uplink. Thus, a mechanism for multi-beam transmission in the uplink is vital for robust communication.
All UEs may not have capability to transmit multiple beams simultaneously. Hence, multi-beam uplink transmission should at least allow TDM operation across the multiple beams. The UE may change the chosen beam for successive PUCCH transmissions based on downlink signaling or pre-configured rules. When the successive PUCCH transmissions carry different UCI payloads, this could be considered as part of PUCCH beam management, discussed in more detail in [2]. However, to ensure robust reception of critical UCI, it is sometimes further necessary to repeat the same UCI payload on multiple PUCCH transmissions that use different uplink beams. PUCCH repetition has already been agreed across slots for the case of 1 or 2 bit UCI. The above considerations naturally motivate expanding the applicability of PUCCH repetition, by (a) allowing it for all UCI payloads, (b) allowing it within a slot, and (c) allowing the repeated transmissions to have different transmit beams. 
In summary, based on the above, we propose the following: 
Proposal 1: For above 6GHz bands, for all UCI payloads, support a mode in which long PUCCH can be repeated, and different repetitions may use different transmit beams. Repetition is allowed both across slots and within a slot if permitted by the PUCCH duration and uplink duration of the slot.
Methods of selection/determination of the transmit beams are discussed in [2]. Further, note that RAN1 has agreements on support for intra-slot frequency hopping and frequency diversity for the long PUCCH. These can be naturally fulfilled by allowing the PUCCH repetitions to occupy a different set of RBs. The above proposal gives a natural design approach for long PUCCH for certain number of OFDM symbols, namely, by repetitions of the long PUCCH designed for a smaller number of OFDM symbols, with possibly different RB allocation to each repetition. This is also in line with the agreement to strive for a scalable design for long PUCCH with respect to the number of OFDM symbols. A similar design concept was also proposed in [3]. For example, PUCCH with duration N=4,6,8,10,12,14 OFDM symbols could be created from two repetitions of PUCCH with duration N/2 OFDM symbols. Note that for N=4, this implies creating the long PUCCH using two repetitions of 2-symbol short-PUCCH, and it has already been agreed that two short-PUCCHs may be TDMed in the same slot. This motivates extending that agreement to also include two long-PUCCHs as well (which was FFS from RAN1#88bis), as follows:
Proposal 2: Two long PUCCHs can be transmitted from one UE on the same slot in TDM manner. For above 6GHz bands, they could be repetitions of the same UCI with possibly different beams and RB allocations.

Conclusions
We have discussed the need for multi-beam PUCCH transmissions, and motivated the following proposals: 
Proposal 1: For above 6GHz bands, for all UCI payloads, support a mode in which long PUCCH can be repeated, and different repetitions may use different transmit beams. Repetition is allowed both across slots and within a slot if permitted by the PUCCH duration and uplink duration of the slot.
Proposal 2: Two long PUCCHs can be transmitted from one UE on the same slot in TDM manner. For above 6GHz bands, they could be repetitions of the same UCI with possibly different beams and RB allocations.
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