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1. Introduction

In RAN1#89 and NR Ad-Hoc #2, the following agreements were made related to PUCCH transmission structure for NR [1-2].
	Agreements:
· NR supports following long-PUCCH:
· One PUCCH format for UCI with up to 2 bits with high multiplexing capacity

· One PUCCH format for UCI with large payload with no multiplexing capacity

· FFS: One PUCCH format for UCI with moderate payload with some multiplexing capacity

· Note: this could be a variation of one of the former PUCCH formats.
Agreements:
· For a long PUCCH with up to 2 bits UCI:
· Working assumption:
· DMRS always occurs in every other symbols in the long PUCCH
· FFS: even or odd symbols
· The working assumption can be revisited if an issue is found in terms of transient period.
Agreements:
· The DMRS symbol(s) are formed as follows:
· DMRS for a PUCCH is a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· Note: The data symbols are formed as the following:
· The modulated UCI bit(s) is multiplied with a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· BPSK and QPSK modulations for 1 and 2 UCI bits, respectively.
· Note: The usage of OCC for DMRS and UCI symbols is effectively disabled for differentiation of the users that are assigned with the same OCC.
Agreements:
· For a long PUCCH in a slot,
· At most one hop for the long PUCCH is supported.
· FFS: details
Agreements:
· For a PUCCH format for UCI with large payload with no multiplexing capacity within a slot:
· The DMRS and UCI are mapped to different symbols.
· For intra-slot frequency-hopping, one or two DMRS symbol(s) is/are mapped on each frequency-hop of the long-PUCCH.

· Opt.1: one DMRS per frequency-hop

· The location is around the middle of the frequency-hop 

· Opt.2: one or two DMRS per frequency-hop

· FFS: the location of the DMRS symbol(s)

· The DMRS symbol(s) are formed as follows:
· DMRS for a PUCCH is a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain.
· Working assumption:
· The symbols carrying UCI are formed as follows:
· The UCI bits are encoded and scrambled, QPSK modulated and DFT pre-coded and mapped to the REs for the symbols carrying UCI of the long PUCCH


In this contribution, we discuss and provide our view on the design of long PUCCH over multiple slots, in terms of resource allocation and frequency hopping. 
2. Time domain resource allocation for long NR-PUCCH

Since NR supports long NR-PUCCH having different durations in a slot, UE needs to know the starting symbol and symbol duration for long NR-PUCCH configured in the slot. In order to determine the time domain resource for long NR-PUCCH in a slot, following four options can be considered.

· Option 1: Dynamic indication of starting symbol and symbol duration for long NR-PUCCH (e.g., by DL assignment or ‘group common PDCCH’)

· Option 2: Semi-static configuration of starting symbol and symbol duration for long NR-PUCCH

· Option 3: Determination of starting symbol and symbol duration for long NR-PUCCH based on the allocated slot index (with pre-configuration of long NR-PUCCH symbol duration in each slot).
· Option 4: Determination of starting symbol and symbol duration for long NR-PUCCH based on type of the slot allocated for UCI transmission
Option 1 would be beneficial since long NR-PUCCH resource can be efficiently configured according to available UL symbol duration in each slot. On the other hand, Option 2 has the advantage of signalling overhead reduction and avoidance of potential misalignment between eNB and UE. For Option 3, it can obtain the benefits of signalling overhead reduction as well as UL resource flexibility (compared to the above Option 2). In case of Option 4, ARI PUCCH resource set for the HARQ-ACK transmission or PUCCH resource for the CSI reporting can be independently (or differently) configured according to the slot type (e.g., normal slot, DL-centric slot with short PUCCH only, UL-centric slot, etc.) allocated for UCI transmission. For example, PUCCH starting symbol and symbol duration (and/or PUCCH type (short or long)) for each belonging to ARI PUCCH resource set (or for CSI PUCCH resource) can be differently configured according to the slot type with UCI.
Considering further coverage enhancement for particular UEs (e.g. mMTC UEs under poor coverage), time-domain repetition of long duration NR-PUCCH (e.g., single PUCCH transmission over multiple slots) might need to be considered. In this case, information on the number of slots, the location of slots (e.g., consecutive or discontinuous), and the allocated symbols within each slot (as proposed in the above 4 options) is needed to determine the time domain resource for multi-slot NR-PUCCH. 
Firstly, in order to determine the number of slots for a long PUCCH over multiple slots, following alternatives can be considered.
· Alt. 1: Semi-static configuration of the number of slots 

· Alt. 2: Derivation of the number of slots based on the PUCCH symbol duration within a slot and the required number of PUCCH symbols for target coverage
In case of Alt. 1, the number of slots for long PUCCH over multiple slots is semi-statically configured by gNB as a single value. With this Alt. 1, coverage of PUCCH transmission could be varied between PUCCH transmissions if PUCCH symbol duration per slot is dynamically changed by DCI indication. On the other hand, in case of Alt. 2, the number of PUCCH symbols required to satisfy target coverage is pre-configured by gNB. Then, the number of slots for a multi-slot long PUCCH transmission can be calculated based on the ratio between the required number of PUCCH symbols and the PUCCH symbol duration per slot configured/indicated based on the above Option 1-4. For example, denoting the required number of PUCCH symbols and the PUCCH symbol duration per slot as R and N, respectively, the number of slots a multi-slot long PUCCH could be determined as ceiling(R/N) based on this Alt. 2. 

Secondly, in order to determine the location of slots (e.g., time pattern of the multiple slots or interval of the multiple slots), following alternatives 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
In case of Alt. 1, a single time pattern or slot interval of the slots is semi-statically configured by gNB, and the configured time pattern or slot interval is applied for every multi-slot long PUCCH transmissions. On the other hand, in case of Alt. 2, a set of multiple time patterns or slot intervals of the slots is preconfigured by RRC and one of the patterns or intervals is indicated via DCI. For example, assuming that DCI indicates one value ‘2’ among the 4 values (1, 2, 3, 4) which are preconfigured by RRC as the candidate slot intervals and the DCI indicates ‘slot n’ as the PUCCH timing, the slots for a long PUCCH are allocated as {slot n, slot n+2, slot n+4, …}. Another approach is to use bitmap in DCI for indication of the time pattern of slots. 
Proposal #1: To determine the starting symbol position and the number of allocated symbols for long NR-PUCCH in a slot, following options can be considered.

· Option 1: Dynamic indication of symbol duration for long NR-PUCCH 

· Option 2: Semi-static configuration of symbol duration for long NR-PUCCH

· Option 3: Determination of symbol duration for long NR-PUCCH based on slot index
· Option 4: Determination of symbol duration for long NR-PUCCH based on UCI slot type
Proposal #2: To determine the number of slot for long PUCCH over multiple slots, following options can be considered.
· Alt. 1: Semi-static configuration of the number of slots 

· Alt. 2: Derivation of the number of slots based on the PUCCH symbol duration within a slot and the required number of PUCCH symbols for target coverage
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. Also for multi-slot long NR-PUCCH, frequency hopping is necessary to be applied for achieving frequency diversity gain. In this case, hopping period (i.e., switching point(s) to perform hopping) can be configurable for UL resource flexibility. Besides, the hopping frequency bandwidth can also be configurable and the hopping bandwidth can be equal to or smaller than system bandwidth. The configurability on the hopping bandwidth would be profitable to multiplex between UEs with different capability on system bandwidth (or with different configured bandwidth for UL data).
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Figure 1. Example of long duration NR-PUCCH resource configuration over multiple slots
Proposal #4: Hopping period (for inter-slot hopping) and the hopping frequency bandwidth can be configurable for long NR-PUCCH transmission.

Moreover, it was agreed that UCI can be repeated over the allocated multiple slots for 1 or 2 UCI bits. In addition to this, similarly with the PUCCH transmission for LTE eMTC UEs, it seems to be reasonable that the same UCI coded bits are transmitted over the allocated multiple slots even for more than 2 UCI bits. In this case, DMRS location can be determined based on the number of symbols configured for long PUCCH in each slot and the UCI payload size as proposed in our companion papers [3],[4].
Proposal #5: For more than 2 UCI bits on multi-slot PUCCH, the same UCI coded bits are repeatedly transmitted over allocated multiple slots.
Proposal #6: DMRS location is determined based on the number of symbols configured for long PUCCH in each slot and the UCI payload size.
4. Conclusion
In this contribution, we discussed and provided our view on the design of multi-slot long NR-PUCCH, and the followings are proposed:
Proposal #1: To determine the number of allocated symbols for long NR-PUCCH in a slot, following options can be considered.

· Option 1: Dynamic indication of symbol duration for long NR-PUCCH 

· Option 2: Semi-static configuration of symbol duration for long NR-PUCCH

· Option 3: Determination of symbol duration for long NR-PUCCH based on slot index
· Option 4: Determination of symbol duration for long NR-PUCCH based on UCI slot type
Proposal #2: To determine the number of slot for long PUCCH over multiple slots, following options can be considered.
· Alt. 1: Semi-static configuration of the number of slots 

· Alt. 2: Derivation of the number of slots based on the PUCCH symbol duration within a slot and the required number of PUCCH symbols for target coverage
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: Hopping period (for inter-slot hopping) and the hopping frequency bandwidth can be configurable for long NR-PUCCH transmission.

Proposal #5: For more than 2 UCI bits on multi-slot PUCCH, the same UCI coded bits are repeatedly transmitted over allocated multiple slots.
Proposal #6: DMRS location is determined based on the number of symbols configured for long PUCCH in each slot and the UCI payload size.
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