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1 Introduction

In RAN1#88, the following were agreed for PUCCH in long duration [1]:
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
In addition, in RAN1#88b, the following agreement was made on long PUCCH [2]:

Agreements:
· For long duration NR-PUCCH in a given slot, FFS the detailed NR PUCCH formats. Companies are encouraged to provide the corresponding details. 

· Some examples as a starting point:

· For small UCI payload with 1 or 2 bit(s), LTE PUCCH 1a/1b especially in light of # of symbols available for NR-PUCCH

· FFS: Time domain OCC is applied over allocated multiple symbols.

· For large UCI payload with X bits, LTE PUCCH format 4, or PUSCH

· FFS on applicability of (virtual) frequency domain OCC

· FFS for the value of X

· FFS for medium UCI payload with less than X bits

· Scalability of NR-PUCCH for different number of symbols available for NR-PUCCH

· 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.
This contribution discusses remaining aspects on long PUCCH in NR.
2 Discussion
Waveform
Long PUCCH supports DFT-S-OFDM waveform in order to improve link budget, resulting in coverage extension. Support of CP-OFDM may result to duplicated functionality since CP-OFDM is already supported for short PUCCH and a long PUCCH using CP-OFDM can resemble a short PUCCH with repetitions. To avoid the design duplication, the long PUCCH can be based only on the DFT-S-OFDM.
 Transmission structure
As agreed, intra-slot frequency hopping is supported. A hopping structure similar to LTE PUCCH (e.g. half-slot frequency hopping) can be re-used for long PUCCH as shown in Figure 1. Considering the agreement that maximum bandwidth supported by some UE capabilities/categories may be less than channel bandwidth of a serving cell, in order to avoid retuning due to frequency hopping, the distance between PRBs used for long PUCCH transmission in each half-slot should be less than the maximum UE BW.
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Figure 1: Long PUCCH format
Multiplexing of different UEs
For relatively low and moderate UCI payloads, multiplexing of long PUCCH transmissions from multiple UEs in same PRBs can be considered. Taking into account that NR HARQ timing is indicated by dynamic L1 signaling from a set of values configured by semi-static signaling, a combination of semi-static configuration and implicit/explicit indication for PUCCH resource can be considered as in LTE to resolve collisions between PUCCH resources due to different HARQ timings among UEs. Further details are discussed in [3]. For larger UCI payloads, multiplexing of long PUCCH transmissions from multiple UEs in same PRBs may not be considered and a network should enable to configure long PUCCH transmission in frequency-contiguous PRBs where the UE can experience high SINR to improve coverage/BLER.
Multiplexing with UL data (PUSCH)

In UL centric slot as shown in Figure 1, FDM of PUSCH and PUCCH has to be supported while in DL centric slot there is no long PUCCH defined.

Multiplexing of UCI and DMRS

TDM of UCI and DMRS is required for DFT-S-OFDM as shown in Figure 1. How many OFDM symbols are used for RS and exact locations for RS need to consider scalability with varying number of available symbols due to various slot formats and transmissions of short PUCCH/SRS [4].
Number of slot symbols 

Depending on the number of symbols for DL control, GP, short PUCCH region, and SRS, the number of slot symbols for long PUCCH can vary. Also, it was agreed that both TDM and FDM between short duration PUCCH and long duration PUCCH are supported at least for different UEs in one slot. Furthermore, considering efficient utilizations of PUCCH resources in a system perspective, PUCCH/SRS resources can be shared between different UEs configured with short PUCCH/SRS and long PUCCH. Therefore, OFDM symbol durations for long PUCCH transmission can be adjusted to fit in the number of UL symbols within a slot and to avoid collisions with PUCCH resources for short PUCCH/SRS. In addition, power control should account for the number of slot symbols used for long PUCCH transmission.

Support of more than one slot
For higher link budget for coverage limited UEs, slot aggregation was agreed to be supported for long PUCCH. When long PUCCHs are repeated across multiple slots, available number of symbols in the slot may vary depending on slot formats and transmissions of short PUCCH/SRS. Hence, the number of OFDM symbols for long PUCCH transmission in each slot can be adjusted by L1 signaling. On the other hand, considering signaling overhead, a common duration for long PUCCH transmissions across multiple slots can be indicated. In addition, a repetition number for slot aggregation can be configured as the number of slots or the number of UL OFDM symbols with long PUCCH transmissions of at least 4 OFDM symbols.
Proposal: For long PUCCH
· CP-OFDM is not supported.

· FDM of PUSCH and PUCCH is supported in UL centric slot.
· For frequency hopping, the PRBs should be located within the maximum UE transmission BW.

· Multiplexing of UCI and DMRS is supported by TDM.

· Long PUCCH duration in a slot or aggregated slots can be adjusted.
3 Conclusion
In this contribution, we have discussed remaining aspects on long PUCCH in NR and the following were proposed:
Proposal: For long PUCCH
· CP-OFDM is not supported.

· FDM of PUSCH and PUCCH is supported in UL centric slot.
· For frequency hopping, the PRBs should be located within the maximum UE transmission BW.

· Multiplexing of UCI and DMRS is supported by TDM.

· Long PUCCH duration in a slot or aggregated slots can be adjusted.
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