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1. Introduction
In RAN1#90-bis, NR Ad-Hoc#3 and RAN1#90, the following agreements were made related to PUCCH transmission structure for NR [1] [2] [3].

	Agreements: RAN1#90-bis
· For long PUCCH over multiple slots, at least support the case that the duration of long PUCCH in each slot slot is the same
· FFS the case of different durations in different slots 
Agreements: RAN1#90-bis
· For long PUCCH over multiple slots, inter-slot hopping is supported by configuration
· FFS details
· For long PUCCH over multiple slots, the intra-slot hopping and inter-slot hopping are not enabled at the same time for a UE
Agreements: RAN1#90-bis
· Each slot in the multiple slots for long-PUCCH over multiple slots is always contained with a slot
· For long PUCCH with more than 2 bits over multiple slots, all UCI bits are encoded and transmitted in each slot
Agreements: RAN1#90-bis
· For long PUCCH over multi-slots, for the case duration of long PUCCH in each slot is the same, the number of slots with long PUCCH transmission is configurable in a UE-specific manner
· Up to 4 possible RRC configured numbers, detailed values FFS
Agreements:
· Frequency-hopping for a PUCCH occurs within the active UL BWP for the UE
· FFS message 4 ACK/NACK
· FFS multiple active BWP
· The active BWP refers to BWP associated with the numerology of PUCCH
Agreements:
· A set of PUCCH resources at least for HARQ-ACK which is configured to a UE by high layer signaling is defined as one of followings (to be down-selected).
· Opt.1: One or multiple set(s) of PUCCH resources consisting of same or different PUCCH formats. 
· Opt.2: One or multiple set(s) of PUCCH resources for each PUCCH format.
· Opt.3: A set of PUCCH resources for each duration of each PUCCH format.
· Opt.4: A set of PUCCH resources for PUCCH formats carrying up to 2 bits UCI. Another set of PUCCH resources for PUCCH formats carrying more 2 bits UCI. 
· FFS: How to identify a PUCCH resource from the set of PUCCH resource. 
· At least for HARQ-ACK, the starting slot of PUCCH is indicated by DCI.
· Earliest transmission timing is based on UE capability 
· FFS how PUCCH resource is defined



In this contribution, we discuss remaining aspects of long PUCCH over multiple slots, in terms of resource allocation and frequency hopping. 

2. Time domain resource allocation for long NR-PUCCH
In RAN1#90-bis meeting, it was agreed for long PUCCH over multiple slots to at least support the case that the duration of long PUCCH in each slot is the same and the number of slots for long PUCCH over multiple slots is configurable in a UE-specific manner. It was also agreed that up to 4 possible values can be RRC configured. Details are FFS. The larger the number of slots for long PUCCH over multiple slots, the larger the coverage of UCI becomes. However, at the same time the DL-SCH data rate is reduced because of the limitations on the DL scheduling. In our view, we can refer to the ACK/NACK repetition factors used in LTE at least for 15 kHz subcarrier spacing and below 6 GHz.  

Proposal #1: For values of the number of slots for long PUCCH over multiple slots, use ACK/NACK repetition factors used in LTE as a baseline at least for 15 kHz subcarrier spacing and long PUCCH duration of 14 symbols. 

One of the main motivation of long PUCCH over multiple slots is to enhance uplink coverage. In NR, the uplink coverage deficiency can become more problematic if larger subcarrier spacing is used for PUCCH transmission. For example, if the subcarrier spacing goes from 15 kHz to 60 kHz, then the slot duration in absolute time becomes 1/4 and the total transmission energy per each slot becomes 1/4 accordingly. To maintain the same coverage, i.e., same max TA, regardless of the subcarrier spacing, the repetition factor should scale in accordance with the subcarrier spacing. Another aspect that is related to the PUCCH coverage is the long PUCCH duration in symbols composing the long PUCCH over multiple slots. Given the long PUCCH that can range from 4 to 14 symbols in NR, to achieve a certain target coverage the number of slots can be determined in relation to the long PUCCH duration. For example, if the number of slots for long PUCCH with the duration of 14 symbols is 6, then to support the same coverage for long PUCCH with the duration of 10 symbols, the number of slots should can be . Having the implications of subcarrier spacing and long PUCCH duration in each slot on the number of slots for long PUCCH over multiple slots, following options can be considered for RRC configuration of the number of slots for long PUCCH over multiple slots: 

Proposal #2: To determine the number of slot for long PUCCH over multiple slots, the following should be considered.
· Semi-statically configure one reference number of slots with reference to one reference long PUCCH duration (and one reference subcarrier spacing). 
· Derive the number of slots for different long PUCCH duration (and different subcarrier spacing) based on the reference number of slots and the difference between those reference values and the configured values.

Regarding the long PUCCH over multiple slots with the same duration in each slot, we have an FFS point on how we deal with different durations in different slots. In our view, those cases should be avoided by network configuration. To provide tools to avoid those cases, it would be good to support time interval or time gap between transmissions. From UE point of view, the simplest approach is to skip the slot with different duration for long PUCCH transmission. To preserve the coverage performance, we can extend the number of slots by the amount of number of skipped slots (skip with extension). Or more intricate solution would be to puncture or rate-match if the difference between the configured duration and available duration is not more than X symbols, e.g., X = 1 or 2, and skip (with extension) otherwise.    

Proposal #3: To determine the location of slot for long PUCCH over multiple slots, following options can be considered.
· Alt. 1: Semi-static configuration of time pattern or slot interval of the slots
· Alt. 2: Dynamic indication of time pattern or slot interval of the slots by DCI among the multiple candidates preconfigured by RRC

3. Frequency hopping configuration for long NR-PUCCH
In the RAN1 NR Ad-Hoc#1 meeting, it was agreed that NR supports intra-slot hopping for long NR-PUCCH. And in RAN1#90-bis meeting, there was a further agreement for long NR-PUCCH that inter-slot hopping is also supported by configuration, but intra-slot hopping and inter-slot hopping are not enabled at the same time for a UE. Details on inter-slot hopping are FFS. In our view, inter-slot frequency hopping per every slot is preferred over inter-slot frequency hopping per multiple slots because we can benefit from frequency diversity earlier in time if the long PUCCH hops every slot. For example, if we assume the periodicity of inter-slot frequency hopping is 5 slots, e.g., 5 ms durations in time, and the PRBs for long PUCCH transmission happens to be trapped in a spectral null, then there is no way for gNB to receive long PUCCH until the long PUCCH hops to the other side of the spectrum after 5 ms. If the inter-slot frequency hopping were to hop every slot, then the gNB could catch the long PUCCH after 1 slot, e.g., 1 ms duration in time. Inter-slot frequency hopping with the periodicity of 1 slot would be beneficial in terms of early decoding. That is it reduces the worst case decoding latency and that is what the frequency diversity is intended for. 
It was agreed in RAN1#90 that frequency hopping for a PUCCH occurs within the active UL BWP for a UE. It would be good to have the frequency hopping bandwidth configurable within the active UL BWP per UE so as to support efficient PUCCH multiplexing between the UEs having different UL BW capability (or configured with different size of the active UL BWP). 

Proposal #4: Frequency hopping bandwidth for intra-slot and inter-slot frequency hopping is configurable within the active UL BWP for long NR-PUCCH transmission.

Proposal #5: Frequency hopping per every slot is applied for inter-slot hopping in case of multi-slot long PUCCH transmission.

4. Conclusion
In this contribution, we discussed remaining aspects of multi-slot long NR-PUCCH, and the followings are proposed:

Proposal #1: For values of the number of slots for long PUCCH over multiple slots, use ACK/NACK repetition factors used in LTE as a baseline at least for 15 kHz subcarrier spacing and long PUCCH duration of 14 symbols. 

Proposal #2: To determine the number of slot for long PUCCH over multiple slots, the following should be considered.
· Semi-statically configure one reference number of slots with reference to one reference long PUCCH duration (and one reference subcarrier spacing). 
· Derive the number of slots for different long PUCCH duration (and different subcarrier spacing) based on the reference number of slots and the difference between those reference values and the configured values.

Proposal #3: To determine the location of slot for long PUCCH over multiple slots, following options can be considered.
· Alt. 1: Semi-static configuration of time pattern or slot interval of the slots
· Alt. 2: Dynamic indication of time pattern or slot interval of the slots by DCI among the multiple candidates preconfigured by RRC

Proposal #4: Frequency hopping bandwidth for intra-slot and inter-slot frequency hopping is configurable within the active UL BWP for long NR-PUCCH transmission.

[bookmark: _GoBack]Proposal #5: Frequency hopping per every slot is applied for inter-slot hopping in case of multi-slot long PUCCH transmission.
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