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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The design of long-PUCCH transmission over multiple slots in NR had been discussed in the previous RAN1 meeting and the following agreements have been achieved [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 is a revision of R1-1717494. In the contribution, we provide our view on some remaining issues for supporting long-PUCCH transmission over multiple slots.
2. Discussion
The long-PUCCH over multiple slots is introduced for NR, in order to maintain a comparable coverage performance with LTE. As a baseline, the general framework of LTE HACK-ACK repetition, serving for uplink coverage limited scenario, to a large extent can be reused for NR. The following aspects are considered for the long-PUCCH design in NR:
Number of repetition
It has been agreed for long-PUCCH over multiple slots, NR supports at least the case that the duration of long PUCCH in each slot is the same. This is the baseline solution for long-PUCCH transmission over multiple slots, typically in the case of the number of available symbols for each uplink subframe is homogeneous for all the consecutive slots. It is worth noting that according to the agreement, the UCI bits should be encoded and transmitted within each slot. As a result, the same long-PUCCH structure can be applied for each slot, which can reduce the implementation complexity therefore is favorable from UE implementation perspective.
One remaining issue is in addition to this case, whether the case of variable duration over multiple slots should be supported. This approach is proposed to increase the spectral utilization in the case of multiple consecutive slots having different structures, such as the uplink parts of them vary from one slot to another in TDD operation, especially due to dynamic slot format change via dynamic SFI DCI signaling. In this case, the assigned common number of symbols cannot exceed the smallest uplink duration in the aggregated slots. Consequently, some concern had been raised that underutilization of symbols in these slots may occur. 
However, the network anyway has the knowledge of all the scheduled UEs, thus it has the ability to fully exploit the resources by multiplexing other UEs onto the varying duration of the uplink subframes. The network may actually prefer to avoid this case, because from system perspective, dynamically truncating the long-PUCCH repetitions during multiple-slot transmission would harm the uplink coverage performance. On the other hand, dynamically varying the repetition would enforce the UE to perform encoding and rate-matching of the long-PUCCH separately for each slot, therefore is not favorable from UE implementation and power saving perspectives. Further, considering the processing delay, it would be very difficult or even impossible to vary the duration of long-PUCCH when SFI is dynamically changed at multiple-slot repetition. Therefore, an elastic long-PUCCH transmission over multiple slots is not preferred. 
[bookmark: _Ref494321048]Proposal 1: For long-PUCCH transmission over multiple slots, the case of variable duration in different slots is not supported in this release. The duration for long-PUCCH repetition is configured by higher layer signaling.
The number of slots with long-PUCCH transmission is configurable in a UE-specific manner, and up to four possible number can be configured. In LTE, repetition factor of two, four and six can be configured for HARQ-ACK repetition, providing 7dB coverage gain compared with one-shot PUCCH transmission. Additionally a spare factor is reserved for future extension. This seems to also be enough for NR, at least for eMBB UEs. Repetition factor for mMTC UEs can be separately considered.
[bookmark: _Ref494321055]Proposal 2: The repetition factor for LTE HARQ-ACK repetition can be reused as a baseline in NR.

PUCCH resource 
In LTE, the first HARQ-ACK is transmitted in the PUCCH resource implicitly derived from the CCE index of the scheduling DCI, while the subsequent HARQ-ACK repetitions are transmitted in the separated PUCCH resource semi-statically configured by RRC. In the case of HARQ-ACK repetition for SPS transmission, the PUCCH resource configured for SPS is used for all the repetitions. In NR, the definition of PUCCH resource and how to derive the PUCCH resource for HARQ-ACK have not decided yet. Nevertheless, a simple yet efficient rule that does not impose significant restriction to the scheduler is favorable. Given that the scheduling in NR is much flexible than that in LTE, a separate PUCCH resource configured for long-PUCCH repetition different from that of the first transmission may not be necessary. The PUCCH resource derived for the first long-PUCCH transmission can be used for all the subsequent repetitions. Any potential collisions between PUCCH of different UEs can be avoided by the scheduler. If inter-slot frequency hopping is enabled, the PUCCH resource is transmitted in two different frequency locations for each hop, respectively, where a separate PUCCH resource index in needed to indicate the resource location for each hop. The offset between these two indexes can be derived by a pre-defined rule, so that the PUCCH resource derived for the first long-PUCCH transmission can also determine the peer PUCCH resource in another hop.
[bookmark: _Ref481592417][bookmark: _GoBack]Proposal 3: The PUCCH resource derived for the first long-PUCCH transmission is used for subsequent repetitions if inter-slot hopping is disabled. In the case of inter-slot hopping is enabled, the peer PUCCH resource used in another hop is derived from the first long-PUCCH transmission.

Slots for repetition transmission
The starting slot of the multi-slot long-PUCCH transmission can be indicated by DCI for HARQ-ACK, or configured by RRC for periodic UCI report, similar to that of single slot scenario no matter FDD or TDD operation is performed. However, the slots for subsequent transmissions may depend on the operation mode. 
For FDD operation, it is nature to transmit the long-PUCCH repetition over multiple consecutive slots. For TDD operation, if the UE is aware of the format of all the subsequent slots, either by group common PDCCH or by higher layer signaling, it can still transmit the repetitions over the consecutive uplink slots. In the case of no explicit indication is available at the UE, in order to ensure timely and reliably transmission, the UE may assume that the consecutive slots are available for repetition transmission. If the number of available uplink symbols in some of the uplink slots is less than the one required for long-PUCCH repetition, the UE should simply skip those slots. 
[bookmark: _Ref485165211]Proposal 4: Once the starting slot of multi-slot long-PUCCH transmission is determined, the subsequent repetitions are transmitted over multiple consecutive uplink slots excluding those slots do not have enough uplink symbols. 

Collision with other transmissions
In LTE, other uplink transmissions, such as SRS or PUSCH, are dropped during the transmission of HARQ-ACK repetition. This is desirable because the HARQ-ACK repetition is intended for the coverage limited UE for which simultaneously transmissions are likely unreliable or even impossible. It seems reasonable to reuse such behavior in NR. One may argue that in the case of HARQ-ACK colliding with URLLC transmission, the later should be prioritized. However, it is questionable whether the URLLC transmission can be reliably transmitted with required PSD for the power limited UE. If indeed necessary, further enhancement is probably needed to enable such transmission, which may not be in the Release-15 timeline. 
[bookmark: _Ref481592423]Proposal 5: UE shall drop other uplink physical signals or channels during long-PUCCH repetition transmission. 

Inter-slot frequency hopping
Both intra-slot and inter-slot frequency hopping is supported for long-PUCCH over multiple slots, but they are not enabled at the same time for a UE. However, the detailed design of inter-slot frequency hopping has not yet defined. There are two options to support inter-slot hopping:
Alt.1: Single hopping boundary is at the middle of N slots.
Alt.2: Hopping boundary occurs at each slot boundary.
In our opinion, the scheme of Alt.1 has slightly lower implementation complexity than Alt.2 for UE. However, Alt.2 may provide better diversity gain than Alt.1. Furthermore, from network perspective, in the case of different UEs in the cell configured with different repetition factors, Alt.2 may be preferred because it can ensure better coexistence between these UEs whose hopping boundaries are always aligned (at every slot boundary). Therefore, we have a slight preference on Alt.2.
[bookmark: _Ref494321062]Proposal 6: For inter-slot frequency hopping of long-PUCCH, the hopping boundary occurs at each slot boundary. 
3. Conclusion
In the contribution, we discuss some detailed issues on supporting long-PUCCH over multiple slots. Based on the discussion, we propose that,
Proposal 1: For long-PUCCH transmission over multiple slots, the case of variable duration in different slots is not supported in this release. The duration for long-PUCCH repetition is configured by higher layer signaling.
Proposal 2: The repetition factor for LTE HARQ-ACK repetition can be reused as a baseline in NR.
Proposal 3: The PUCCH resource derived for the first long-PUCCH transmission is used for subsequent repetitions.
Proposal 4: The starting slot of the multi-slot long-PUCCH transmission is indicated by DCI, and the subsequent repetitions are transmitted over multiple consecutive uplink slots.
Proposal 5: UE shall drop other uplink physical signals or channels during HARQ-ACK repetition transmission.
Proposal 6: For inter-slot frequency hopping of long-PUCCH, the hopping boundary occurs at each slot boundary.
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