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1. Introduction

In NR SI phase, RAN1#88bis and RAN1#89, the following agreements were made related to UL control channel transmission structure for NR [1-6].
	Agreements:
· 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:
· For PUCCH in long-duration,

· Intra-slot frequency-hopping is supported

Agreements:
· 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

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:

· 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.
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.


In this contribution, we discuss and provide our view on design of long duration UL control channel over multiple slots. Hereafter, UL control channel for NR is simply denoted as “NR-PUCCH”. 
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 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 three options can be considered.

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

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

· Option 3: Determination of 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 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). 

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 3 options) is needed to determine the time domain resource for multi-slot NR-PUCCH. 

Among the above 3 options, for multi-slot NR-PUCCH, it would be desirable that the number of symbols per slot can be determined by Option 2 or Option 3. In case of single-slot NR-PUCCH, it is slightly preferred to determine the number of symbols in each slot by Option 1 or Option 3.

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

Proposal #2: To determine the time domain resource for multi-slot NR-PUCCH, information on the number of slots, the location of slots, and the allocated symbols within each slot (based on the above 3 options) is needed. 

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 maximum hopping 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 #3: Hopping period (for inter-slot hopping) and the maximum hopping 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 [6],[7].
Proposal #4: For more than 2 UCI bits on multi-slot PUCCH, the same UCI coded bits are repeatedly transmitted over allocated multiple slots.
Proposal #5: 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

Proposal #2: To determine the time domain resource for multi-slot NR-PUCCH, information on the number of slots, the location of slots, and the allocated symbols within each slot (based on the above 3 options) is needed. 

Proposal #3: Hopping period (for inter-slot hopping) and the maximum hopping bandwidth can be configurable for long NR-PUCCH transmission.

Proposal #4: For more than 2 UCI bits on multi-slot PUCCH, the same UCI coded bits are repeatedly transmitted over allocated multiple slots.
Proposal #5: 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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