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1 Introduction

In RAN1#90b, the following regarding long PUCCH transmission over multiple slots was agreed [1]:

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

This contribution considers remaining aspects related to supporting transmissions of long PUCCH over multiple slots.
2 Discussions 
The following remaining aspects need to be discussed for supporting long PUCCH transmissions over multiple slots in NR.

Enabling/Disabling
As in LTE, a higher layer signaling can enable/disable multi-slot long PUCCH transmissions. If enabled by the higher layer signaling, long PUCCH transmissions are repeated on multiple slots until it is disabled by the higher layer signaling. Therefore, ‘1’ as the number of slots on Table 2 for PUCCH resource allocation which was already agreed from email discussion may not be necessary.
Proposal 1: UE-specific higher layer signaling enables/disables multi-slot long PUCCH transmissions.
Number of Slots 

For the number of repetitions for multi-slot long PUCCHs, it was agreed that the number of slots in case the number of symbols per slot is the same for long PUCCH transmission can be configured by higher layer signaling. Hence, if multi-slot long PUCCH transmission is configured for a UE, one PUCCH format among PUCCH format 1, 3 and 4 will be repeatedly transmitted during the configured number of slots. One remaining issue is that whether separate number of slots should be configured for each PUCCH format or common number of slots should be configured for all long PUCCH formats. Taking into account different UE multiplexing capacities and different number of supportable PRBs for each long PUCCH format, it is valid that each PUCCH format is configured with a separate number of slots. Another issue is to decide detailed values for 4 possible number of slots. Taking into account a motivation of multi-slot long PUCCH transmission is to achieve LTE UL coverage and up to 480 KHz for SCS is supported in NR, the configured values can be selected from 2 to 32.
Proposal 2: A separate number of slots for repetitions is configured for each long PUCCH format.

Available Slots 

Similar to PUCCH transmission with repetitions for eMTC UEs in LTE, the slots available for multi-slot PUCCH transmission can be configured by a bitmap. This can also address dynamic TDD operation. The bit-map configuration can also be disabled and in such case the slots available for PUCCH repetitions can be all slots for FDD operation or all UL slots as determined by a semi-static UL/DL slot configuration for TDD operation.

If L1 signaling indicates a slot for long PUCCH transmission (e.g. HARQ-ACK timing), long PUCCHs are transmitted on the available slots including the slot indicated by the L1 signaling. Otherwise, a starting slot index for long PUCCH transmissions can be configured by higher layer signaling and long PUCCH is transmitted on the available slots including the starting slot.

Proposal 3: Available slots for multi-slot PUCCH transmissions are configured by higher layers and a starting slot for repetitions can be indicated by L1 or by higher layers.
PUCCH Resource
For PUCCH resource for transmission in the first slot, either explicit signaling in the DCI or a combination of explicit and implicit signaling, especially in case of high UE multiplexing per RB, can be used. In LTE, PUCCH resource in the additional slots except the first slot is determined differently depending on whether the PUCCH resource for the first slot is determined by (E)PDCCH or not. Similarly, if there is a PDCCH to decide PUCCH resource for the first slot, a PUCCH resource in the additional slots except the first slot can be configured by higher layer signaling. Otherwise, a same resource as the PUCCH resource in the first slot by higher layer signaling is used for all repetitions. 

Proposal 4: A PUCCH resource in the first slot can be determined by either explicit signaling or a combination of explicit and implicit signaling and PUCCH resources in subsequent slots are configured by UE-specific higher layer signaling if there is a PDCCH to decide PUCCH resource for the first slot. Otherwise, a same resource as the PUCCH resource in the first slot by UE-specific higher layer signaling is used for all repetitions.

Frequency Hopping

For single-slot long PUCCH transmission, at most one hop is supported. This can be extended for multi-slot long PUCCH transmission (slot repetitions). At least two options exist for determining where FH occurs. Option 1, for a PUCCH transmission over N symbols, is for FH to occur after the first ceil(N/2) (or floor(N/2)) symbols. This results to a same rule as for single slot transmission. 

Option 2 for a PUCCH transmission over M slots, is for FH to occur after the first ceil(M/2) (or floor(M/2)) slots. Assuming an even number of slots for PUCCH repetitions as in LTE, Option 1 and 2 result to the same structure when a same number of symbols are used for PUCCH transmission per slot but can result to different structures when a different number of symbols can be used for PUCCH transmission per slot. Option 2 can be preferable when a different number of symbols can be used for PUCCH transmission per slot as it avoids intra-slot fragmentation and allows for simpler FDM/CDM multiplexing with other PUCCH transmissions without resource waste.        

Proposal 5: A single frequency hop applies for multi-slot long PUCCH transmissions and frequency hopping for multi-slot long PUCCH transmission in M slots applies after the first ceil(M/2) (or floor(M/2)) slots. 

OCC Length Variation

When a number of available symbols per slot for a multi-slot long PUCCH transmission can vary among slots, UE multiplexing capacity per RB based on OCCs across symbols can also vary. This can complicate overall operation unless a gNB is restricted to always dimension the multiplexing according to the minimum OCC length (i.e. OCC of length 2 for respective UCI and DMRS symbols in PUCCH transmission over 8 symbols per slot). For example, a UE may need to change RBs between repetitions due to lack of multiplexing capacity in a slot and this can complicate channel estimation and limit gains from inter-slot DMRS filtering. 

Proposal 6: If the number of symbols for PUCCH transmission per slot can vary among slots, the number of available OCCs is same for all slots and corresponds to the smallest number of DMRS or UCI symbols.

Simultaneous Transmissions

As a multi-slot long PUCCH transmission is applicable to coverage limited UEs, simultaneous PUCCH and PUSCH transmissions do not need to be supported and scheduled PUSCH transmissions can be dropped as in LTE (unless a data service type has higher priority than HARQ-ACK in which case the PUCCH can be dropped). Additional issues, such as power control or MPR issues from having to support simultaneous PUCCH and PUSCH transmissions with different starting or ending slots from non-coverage limited UEs are also avoided. 

Proposal 7: A UE drops PUSCH/SRS transmissions when the UE transmits a long PUCCH over multiple slots. 

3 Conclusions 

In this contribution, we have discussed remaining aspects related to supporting transmissions of long PUCCH over multiple slots and the following were proposed:

Proposal 1: UE-specific higher layer signaling enables/disables multi-slot long PUCCH transmissions.
Proposal 2: A separate number of slots for repetitions is configured for each PUCCH format.
Proposal 3: Available slots for multi-slot PUCCH transmissions are configured by higher layers and a starting slot for repetitions can be indicated by L1 or by higher layers.
Proposal 4: A PUCCH resource in the first slot can be determined by either explicit signaling or a combination of explicit and implicit signaling and PUCCH resources in subsequent slots are configured by UE-specific higher layer signaling if there is a PDCCH to decide PUCCH resource for the first slot. Otherwise, a same resource as the PUCCH resource in the first slot by UE-specific higher layer signaling is used for all repetitions.
Proposal 5: A single frequency hop applies for multi-slot long PUCCH transmissions and frequency hopping for multi-slot long PUCCH transmission in M slots applies after the first ceil(M/2) (or floor(M/2)) slots.
Proposal 6: If the number of symbols for PUCCH transmission per slot can vary among slots, the number of available OCCs is same for all slots and corresponds to the smallest number of DMRS or UCI symbols.
Proposal 7: A UE drops PUSCH/SRS transmissions when the UE transmits a long PUCCH over multiple slots.
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