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1	Introduction
This contribution is a revision of R1-1718309.
During the NR Study Item, RAN1 has established requirements and scenarios for NR [1] and has identified technology components that are needed to standardize the NR system [2]. The objective of the work item phase is to specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low latency communications (URLLC) considering frequency ranges up to 52.6 GHz and considering forward compatibility and introduction of new technology components for new use cases.
In RAN1#90b [3], the following agreements were made:
Agreements:
· For long PUCCH over multiple slots, at least support the case that the duration of long PUCCH in each slot is the same
· FFS the case of different durations in different slots 

Agreements:
· 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:
· 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:
· 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

In RAN1#87 [4], the following agreement was made:
Agreements: 
•	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

In RAN1#NR-AH3 [5], the following agreement was made:
Agreements:
· For long PUCCH over multiple slots, the duration(s) of long PUCCH in each slot can be down-selected from following alternatives:
· Alt1: The duration of long PUCCH in each slot is the same
· Alt2: The duration(s) of long PUCCH in each slot could be different

In this contribution, we discuss the design principles of long PUCCH over multiple slots.
2	Discussion
In NR, the duration of a long PUCCH symbol varies from 4 to 14 symbols [7], such a large variation can lead to large variation in coverage for long PUCCH. When determining the total number of long PUCCH slots required for HARQ-ACK repetition, the total number of UL symbols in these slots, available to transmit long PUCCH, should be considered.
Multi-slot HARQ-ACK repetition on long PUCCH is configured and enabled by RRC signaling. RRC signaling indicates the number of slots of a multi-slot long PUCCH transmission, this can consider the expected total number of symbols across the slots used for long PUCCH transmission to achieve the desired coverage target.
In email discussion [90b-NR-30], it was agreed that the number of repeated slots is configured semi-static by RRC signalling for the long PUCCH formats (format 1, 3 and 4). There are four values to select from, with one (i.e. no repetition) being one of these values as given by Table 1.
[bookmark: _Ref498419452]Table 1: Configurability of number of repeated slots.
	 
	PUCCH 
Format 0
	PUCCH Format 1
	PUCCH 
Format 2
	PUCCH Format 3
	PUCCH Format 4

	Number of slots
	Configurability
	N.A.
	Configured
	N.A.
	Configured
	Configured

	
	Value range
	N.A.
	1, y1, y2, y3
	N.A.
	1, y1, y2, y3
	1, y1, y2, y3



An exponential pattern is used for the slot aggregation values [8], i.e. {1, 2, 4, 8} slots. This keeps the relative difference between consecutive slot aggregation values the same.
[bookmark: _Hlk498623536]Proposal 1: The number of repeated slots is configured semi-statically by RRC signaling from a set containing 4 values given by: {1, 2, 4, 8} slots.
In NR, the number of uplink symbols per slot can vary as the type of slot varies (uplink slot, or bi-directional UL centric slot). We can identify two cases:
· In the first case, the symbols are configured semi-statically by RRC signaling as uplink or downlink symbols. The network doesn’t change the type of symbol after semi-static configuration. In this case, the UE and the network know without ambiguity the number and location of uplink symbols per slot. Hence, the network can configure the UE to use the actual number of uplink symbols per slot for each slot. The number of symbols can vary from one slot to the next. A special value for the ”Number of symbols in slot” in the PUCCH resource set indicates to the UE that it should use the actual number of uplink symbols in each slot.
· In the second case, the symbols can be dynamically reconfigured from unknown symbols to uplink symbols through DCI signaling. In this scenario, the UE will not know which symbols to use as uplink symbols in each slot except through explicit signaling in the PUCCH resource set. Having a different slot length for each slot in case of slot aggregation increases the size of the PUCCH resource set and is not feasible. Hence, it is more practical to have the same slot length for all slots as indicated by the PUCCH resource set. The number of symbols used in each slot is the minimum number of symbols available across all the slots that are being aggregated.

Proposal 2: For long PUCCH over multiple slots, in addition to supporting the case that the duration of long PUCCH in each slot is the same, the case that the duration of long PUCCH in each slot is different is also supported.
· A special value in the PUCCH resource set for the ” Number of symbols in slot” is used to indicate to the UE to transmit in the actual UL symbols of a slot for a multi-slot transmission.
· Duration of long PUCCH in each slot is different is limited to the case with semi-static slot configuration.

The slot index of the first slot of a multi-slot long PUCCH is determined in a way similar to the way the UE determines the slot index of a single-slot long PUCCH transmission. The frequency and sequence resources used for the first slot of a multi-slot long PUCCH transmission, are used in the remaining slots of that transmission.
In case of a multi-slot long PUCCH transmission, the PUCCH format structure and design on each slot is the same as that of a single-slot long PUCCH. This relates to the DMRS symbol location, the design principles to determine the start and end of the long PUCCH symbols in that slot, and the location of the frequency hop in case frequency hopping is enabled.
Proposal 3: NR supports multi-slot repetition on long PUCCH considering the following design principles:
· The slot index of the first slot of a multi-slot long PUCCH is determined similar to the way the UE determines the slot index of a single-slot long PUCCH transmission.
· The frequency and sequence resources used for the first slot of a multi-slot long PUCCH transmission, are used in the remaining slots of that transmission.
· PUCCH format structure and design on each slot of a multi-slot long PUCCH is the same as that of a single-slot long PUCCH. 

In RAN1#90b [3], it was agreed that inter-slot frequency hopping is supported with multi-slot transmission of long PUCCH. However, there was no agreement on whether there is a single hop or multiple hops during the multi-slot transmission, there was also no agreement on the location of the frequency hopping boundary. We consider the following two inter-slot frequency hopping designs:
1. Single hop location that is near the middle of the long PUCCH transmission.
2. Frequency hopping happens at each uplink slot boundary.

In case of multi-slot transmission, the repeated slots of a single long PUCCH are not necessary consecutive in time, as there could be downlink slots between the uplink slots. Hence, with the first design, it becomes necessary to define what is meant by “near the middle of the long PUCCH transmission”. This could be based on the number of transmitted slots, for example if 8 slots are transmitted, the first four are transmitted on one set of PRB(s) and the last four are transmitted on another set of PRB(s), regardless of the presence of downlink slots in between. Alternatively, this could be based on the duration of the long PUCCH transmission taking into account downlink slots, such that the slots in the first half are on one set of PRBs (if transmitted in uplink), and the slots in the second half are on another set of PRBs (if transmitted in uplink).
Another point to consider with the first design is if users are sharing PRB resources, if they start their long PUCCH transmission on different slots, the inter-slot hopping boundary will occur on different slots. This complicates the ability of these users to share the same resources and leads to inefficient resource utilization.
One of the benefits of the first design is the ability to improve channel estimation in slow fading channels, by having a longer transmission duration on the same set of PRBs. We see this benefit somewhat diminished if there are downlink slots/symbols between uplink transmissions on the same set of PRB(s), as the phase continuity would not be maintained across those uplink transmissions.
With the second design, where the hopping happens at each uplink slot boundary, it is possible to multiplex users on the same PRB resources, this leads to more efficient PUCCH resource utilization.
Proposal 4: In case of multi-slot long PUCCH transmission, with inter-slot frequency hopping enabled, the hopping happens at each UL slot boundary.
3	Conclusion
In this contribution, we discussed the design principle of HARQ-ACK repetition over multiple slots. The following observation and proposals was made:
Proposal 1: The number of repeated slots is configured semi-statically by RRC signaling from a set containing 4 values given by: {1, 2, 4, 8} slots.
Proposal 2: For long PUCCH over multiple slots, in addition to supporting the case that the duration of long PUCCH in each slot is the same, the case that the duration of long PUCCH in each slot is different is also supported.
· A special value in the PUCCH resource set for the ” Number of symbols in slot” is used to indicate to the UE to transmit in the actual UL symbols of a slot for a multi-slot transmission.
· Duration of long PUCCH in each slot is different is limited to the case with semi-static slot configuration.

Proposal 3: NR supports multi-slot repetition on long PUCCH considering the following design principles:
· The slot index of the first slot of a multi-slot long PUCCH is determined similar to the way the UE determines the slot index of a single-slot long PUCCH transmission.
· The frequency and sequence resources used for the first slot of a multi-slot long PUCCH transmission, are used in the remaining slots of that transmission.
· [bookmark: _GoBack]PUCCH format structure and design of each slot on a multi-slot long PUCCH is the same as that of a single-slot long PUCCH. 

Proposal 4: In case of multi-slot long PUCCH transmission, with inter-slot frequency hopping enabled, the hopping happens at each UL slot boundary.
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