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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
It has been agreed to support long-PUCCH transmission over multiple slots in NR [1]:

	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



Some detailed issues have been further discussed in previous RAN1 meeting [2]:

	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 the contribution, we provide our view on 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:

Enabling/disabling 
Long-PUCCH repetition targets for UE in uplink power limited scenario, where a robust and stable transmission is prioritized. Therefore, dynamic on/off switching is not needed. RRC configuration is preferred for enabling/disabling this feature, similar to that of LTE HARQ-ACK repetition.
[bookmark: _Ref494321048]Proposal 1: The long-PUCCH repetition is enabled or disabled by RRC signaling.

Number of repetition
For the similar reason, the number of long-PUCCH repetitions can be semi-statically configured by RRC. At least the number of slots for repetition should be configured, in the case where the number of symbols per slot for the long-PUCCH transmission is same for all these slots. This may be the typical case for FDD operation where the uplink frame structure is probably homogeneous for all the consecutive slots. 
One remaining issue is whether this duration for each slot can vary during the repetition. If the multiple consecutive slots have different structures, such as the uplink parts of them vary from one slot to another in TDD operation, the number of available symbols for long-PUCCH are different. In general there are two alternatives to assign the number of symbols for each repetition:
· Alt.1: The repetitions span all the available symbols of each slot.
· Alt.2: The repetitions are assigned with the same number of symbols in each slot.
Alt.1 can fully utilize all the symbols for PUCCH, thus favorable from spectral utilization perspective. By the way of Alt.2, the assigned common number of symbols should not exceed the smallest uplink region in the aggregated slots. Consequently, underutilization of symbols in these slots may occur, though, it may still be exploited by a smarter scheduler. On the other hand, the same long-PUCCH structure is applied for each slot, which can reduce the implementation complexity therefore is favorable from UE implementation perspective. Therefore, we slightly prefer Alt.2.
[bookmark: _Ref494321055]Proposal 2: For long-PUCCH over multiple slots, the same number of symbols in each slot is assigned for all the repetitions.

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. 
[bookmark: _Ref481592417]Proposal 3: The PUCCH resource derived for the first long-PUCCH transmission is used for subsequent repetitions.

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 4: UE shall drop other uplink physical signals or channels during HARQ-ACK repetition transmission. 

Frequency hopping
Frequency hopping is desirable especially for the coverage limited UE, in order to achieve frequency diversity gain with very limited transmission bandwidth. Two options of frequency hopping were discussed to support multi-slot long-PUCCH, namely intra-slot and inter-slot hopping. Each option is useful at least in some scenario. For example, if frequency hopping is enabled both single slot and multi-slot long-PUCCH transmissions, intra-slot hopping can ensure better coexistence between them because the same mapping rule is applied. On the other hand, if frequency hopping is enabled only for multi-slot long-PUCCH transmission, inter-slot hopping may become a better choice for the sake of coexistence. Moreover, it is proposed in [3] to support using a gap to guard the RF returning time between two frequency hops. In this case it is desirable to enable intra-slot frequency hopping as well as pattern hopping between slots, to guarantee the RF retuning time as illustrated in Figure 1.
[image: ]
[bookmark: _Ref494468867]Figure 1. Intra-slot frequency hopping with pattern hopping between slots

[bookmark: _Ref494321062]Proposal 5: Both intra-slot and inter-slot frequency hopping options are supported in NR, and intra-slot frequency hopping with pattern hopping between slots should be supported. 
Furthermore, whether frequency hopping (including intra-slot and inter-slot) is enabled or disabled shall be explicit indicated to the UE. By enabling frequency-hopping, robustness transmission scheme can be used for PUCCH. Nevertheless, gNB can disable the frequency-hopping to confine the PUCCH transmission within a limited frequency bandwidth in some deployment, e.g. transmission in the unlicensed frequency band so that some LBT-based transmission can be well controlled.
[bookmark: _Ref494661670]Proposal 6: Intra-slot and/or inter-slot frequency hopping of long-PUCCH repetition can be explicitly configured to the UE.

Slots for repetition transmission
The starting slot of the multi-slot long-PUCCH transmission can be indicated by DCI, 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.
[bookmark: _Ref485165211]Proposal 7: 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. 

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: The long-PUCCH repetition is enabled or disabled by RRC signaling.
Proposal 2: For long-PUCCH over multiple slots, the same number of symbols in each slot is assigned for all the repetitions.
Proposal 3: The PUCCH resource derived for the first long-PUCCH transmission is used for subsequent repetitions.
Proposal 4: UE shall drop other uplink physical signals or channels during HARQ-ACK repetition transmission.
Proposal 5: Both intra-slot and inter-slot frequency hopping options are supported in NR, and intra-slot frequency hopping with pattern hopping between slots should be supported.
Proposal 6: Intra-slot and/or inter-slot frequency hopping of long-PUCCH repetition can be explicitly configured to the UE.
Proposal 7: 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.
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