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1 Introduction
In the RAN1#96 and the previous meeting, there was a discussion on UL channels/signals and the followings were agreed [1], [2].
	Agreement at RAN1#96
· Support short and long PUCCH durations based on enhancements of at least Rel-15 PUCCH formats PF2 and PF3. The enhancements include at least the following aspects:
· For a 20 MHz carrier bandwidth, support mapping to physical resources of at least one full interlace
· Mechanism to support user multiplexing for both data and reference symbols of PUCCH
· The following aspects are FFS:
· Support for small payloads (1 and 2 bits)
•	Alt-1: Support both small payloads and larger payloads (> 2 bits) for enhanced PF2 and enhanced PF3
•	Alt-2: Small payloads are supported by enhanced PF0 and/or enhanced PF1
· Whether or not to replace DFT-s-OFDM with CP-OFDM for the enhanced PF3
Agreement at RAN1#96
· Support configuration of an SRS resource in additional OFDM symbol locations other than the last 6 symbols of a slot with PUSCH and SRS time division multiplexed as in Rel-15.
· FFS: which symbols locations.
Agreement at RAN1#96
· Sub-PRB interlace design for PUSCH and PUCCH is not supported.

Agreement at RAN1#96bis
For a 20 MHz carrier bandwidth, if enhancements to PF0 and PF1 are supported, a mapping to physical resources of at least one full interlace is supported
· FFS: Whether or not to support enhancements to PF0/1.
· Companies are encouraged to provide user multiplexing capacity and UCI payload analysis for enabling the decision for relevant use cases
Agreement at RAN1#96bis
Decisions on which additional PUCCH formats (enhanced or combination of legacy and enhanced) are supported should be at least based on the following.
· Which PUCCH format(s) are to be used at least for the following use cases:
· HARQ ACK prior to dedicated PUCCH resource configuration
· HARQ ACK, SR, CSI and combinations thereof after dedicated PUCCH resource configuration
· Specification impact, e.g., UE procedures in 38.213 and 38.212, for all proposed PUCCH formats to be supported
· User multiplexing capacity and UCI payload analysis for all proposed PUCCH formats to be supported
· In-band and out-of-band emissions


In this contribution, we discuss PUCCH enhancement and PRACH design for NR-U operation and provide our view. 

2 Discussion on UL channels design
PUCCH Enhancement
In the previous meeting, it was agreed that a mapping to physical resources of at least one full interlace is supported as RB-interlaced design of PUCCH structure for enhancement to PUCCH format 0 and 1 (if supported). In the case that RB-interlaced design is used as PUCCH structure, the minimum resource granularity can be one interlaced, i.e., 10 RBs under a sub-band or a unit of 20MHz in the activated BWP. This implies that the PUCCH resource unit in frequency domain for NR-U can be greatly increased for a given UE compared with PUCCH format 0 and 1 occupying 1-RB only in NR licensed band. Specially, in the case of small UCI payload size, the RB-interlaced allocation results in inefficient resource utilization by using excessive RBs without considering UE multiplexing capability enhancement. When using RB-interlaced structure with enhancement of PUCCH format 2 and 3, therefore, it should be discussed how to increase UE multiplexing capacity, especially, for PUCCH format 0 and 1. 
In case of PUCCH formats which perform sequence-based transmission as maximum of 12 UEs multiplexing capacity with 1 RB, the RB-level multiplexing method may be further considered, in which different UEs can be additionally multiplexed with OCC length-2 in the frequency domain between consecutive RBs at one full interlaced RBs, as shown in Figure 1. It can provide an additional 2 times user multiplexing capacity. For at least 1 or 2 bit UCI payload, it seems beneficial that sequence based transmission in Rel-15 NR PUCCH format 0 / 1 can be reused for each RB within one full interlaced RBs. For PUCCH format 0, it can minimize the channel occupancy time by using only 1 symbol for PUCCH transmission on unlicensed spectrum and it results in being enable transmission of PUCCHs including HARQ-ACK as many as possible within an gNB’s or UE’s initiated COT. Therefore, we propose to support enhancement of PUCCH format 0 and PUCCH format 1 for small payloads such as 1 or 2 bits UCI.
· Proposal 1: 
· We propose to support enhancement of PUCCH format 0 and PUCCH format 1 for small payloads such as 1 or 2 bits UCI.
· We propose to consider RB-interlaced PUCCH in which different UEs can be multiplexed with OCC length-2 in the frequency domain between consecutive RBs within one interlaced RBs, while reusing the PUCCH format 0 or 1 used in Rel-15 NR.
[image: ]
Figure. 1 Multiple UE multiplexing with OCC length-2 in frequency domain at one interlaced RBs
Also, PAPR/CM properties of sequence-based PUCCH formats (i.e., Format 0 and 1) with RB-interlaced structure need to be further investigated. The PUCCH format 0 and 1 with 1-RB in Rel-15 NR have been designed to have low PAPR/CM property, however, PAPR/CM of the RB-interlaced structure with PUCCH Format 0 and 1 can be significantly increased when using repetition with same cyclic shift among different RBs in a same interlaced index. Therefore, it should be further considered to apply different cyclic shifts among different RBs in a same interlaced index in order to maintain low PAPR/CM attributes.
· Proposal 2: The extension of sequence-based PUCCH Format 0 and 1 to the RB-interlaced structure should be considered and designed to maintain low PAPR/CM attributes in the case of interlaced RBs and multi-UE multiplexing.

PRACH Enhancement
During study item phase, it was captured in the TR 38.889 [3] that multiple PRACH resources across multiple LBT sub-bands/carriers can be configured for both contention-free and contention-based RA to provide the flexibility in NR-U as frequency domain enhancement for PRACH transmission. In addition, even when LBT is successful on the multiple LBT sub-band/carriers, it seems beneficial that a single opportunity among multiple PRACH resources is allowed to transmit the PRACH preamble for efficient resource utilization and collision avoidance between different channels for multiple UEs. As a rule to select one of multiple PRACH resources, several methods such as based on the lowest BWP index, Pcell or pScell priority and the lowest serving cell index can be considered, and it should be further investigated under this WI phase.
· Proposal 3: Depending on LBT outcome on multiple LBT sub-bands/carriers, even when LBT is successful on the multiple LBT sub-band/carriers, it seems beneficial that a single opportunity among multiple PRACH resources is allowed to transmit the PRACH preamble for efficient resource utilization and collision avoidance between different channels for multiple UEs.

Conclusion
In this contribution, we have discussed UL channel design for NR-U operation and we summarize our view as follows. 
· Proposal 1: 
· We propose to support enhancement of PUCCH format 0 and PUCCH format 1 for small payloads such as 1 or 2 bits UCI.
· We propose to consider RB-interlaced PUCCH in which different UEs can be multiplexed with OCC length-2 in the frequency domain between consecutive RBs within one interlaced RBs, while reusing the PUCCH format 0 or 1 used in Rel-15 NR.
· Proposal 2: The extension of sequence-based PUCCH Format 0 and 1 to the RB-interlaced structure should be considered and designed to maintain low PAPR/CM attributes in the case of interlaced RBs and multi-UE multiplexing.
· Proposal 3: Depending on LBT outcome on multiple LBT sub-bands/carriers, even when LBT is successful on the multiple LBT sub-band/carriers, it seems beneficial that a single opportunity among multiple PRACH resources is allowed to transmit the PRACH preamble for efficient resource utilization and collision avoidance between different channels for multiple UEs.

References
[bookmark: _GoBack][1] Final Report of 3GPP TSG RAN WG1 #96 v1.0.0
[2] Draft Report of 3GPP TSG RAN WG1 #96b v0.1.0
[3] 3GPP TR 38.889 v16.0.0, “Study on NR-based access to unlicensed spectrum (Release 16)”

image1.png
‘baig

~—0CC length-2

interlaced
)

~——0CC length-2

.

Time

: PUCCH format 0 with 1RB size





