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1 Introduction
During NR-U study item phase, the potential design changes to support UL signals/channels for NR-U operation have been studied and the followings were captured in the TR38.889 [1] which was approved in TSG-RAN#82.
	Section 7.2.1.2 in the TR38.889 v16.0.0 
…
For UL waveform for PUSCH, PUCCH, and PRACH, it has been identified that an interlaced waveform can have benefits in some scenarios including link budget limited cases with given PSD constraint, and as one option to efficiently meet the occupied channel bandwidth requirement. 
On the other hand, it is RAN1's understanding that the temporal allowance of not meeting occupied channel bandwidth by regulation can be exploited if the minimum bandwidth requirement, e.g., 2 MHz, is satisfied. Therefore, a waveform contiguous in frequency may be adequate in some scenarios, which implies that Release 15 NR contiguous allocation designs can be used for NR-U as well.
Support for Rel-15 NR PUSCH can be considered. However, it has been identified that block-interlaced based PUSCH can be beneficial.
Support for Rel-15 NR PUCCH formats can be considered, however, not necessarily all Release 15 NR PUCCH formats are applicable to NR-U. It has been identified that legacy PUCCH formats PF2 and PF3 are beneficial for NR-U for the scenario of contiguous allocations due to the fact that they may be configured with bandwidth that meets the minimum temporal allowance of 2 MHz (12/6/3 PRBs for 15/30/60 kHz SCS). It has been identified that legacy PUCCH formats PF0/1/4 are not well-suited for NR-U for the scenario of contiguous allocations since they support only single PRB.
When new block interlace waveform for PUCCH is to be defined, it is beneficial to use the same block interlace structure for PUCCH and PUSCH. 
It has been identified that enhancement of one or more legacy PUCCH formats is feasible to support block interlaced PUCCH transmission. There is consensus that enhanced PUCCH with both short and long duration is beneficial for NR-U; however, no consensus has been achieved about which legacy PUCCH format(s) should be the starting point for an enhanced PUCCH design. Some sources suggest introducing just one or two new enhanced PUCCH formats, while other sources suggest enhancing all or almost all legacy PUCCH formats (PF0,1,2,3,4). Regardless of which format(s) is(are) chosen as a starting point for enhancement, the following common aspects have been identified as important to consider in the detailed design of the enhanced PUCCH format(s) when specifications are developed:
…

For carriers with bandwidth larger than 20 MHz, two candidate interlace designs have been identified:
-	Alt-1: Same interlace spacing for all interlaces regardless of carrier BW. This alternative uses Point A as a reference for the interlace definition
-	Alt-2: Interlacing defined on a sub-band (20 MHz) basis. (Note: Possible interlace spacing discontinuity at edges of sub-band).
Additional candidates have been identified, but consensus has not been achieved, e.g., (1) for carriers with bandwidth larger than 20 MHz, retain the same number of PRBs per interlace (N) for all interlaces regardless of carrier BW; (2) Partial interlace allocation. Detailed design can be further discussed when specifications are developed taking RF aspects into account.
…


In this contribution, we discuss UL channel design for NR-U operation and provide our view. 

2 Discussion on UL channels design
Interlaced design for PUSCH/PUCCH/PRACH
In LTE-eLAA in Rel-14, RB-interlaced design for PUSCH was specified to meet occupied channel bandwidth (OCB) requirement, i.e., 80% of nominal channel BW, and to improve transmit power per subcarrier by PSD limitation, i.e., 10 dBm/MHz. Similar to LTE-eLAA in Rel-14, it seems beneficial that RB-interlaced design can be applied to PUSCH, PUCCH and PRACH with the same numerology for these UL channels considering the UL channel multiplexing in the FDM manner. It is also beneficial to use the same interlace structure for PUCCH and PUSCH. Due to the fact that LBT can be performed in units of 20 MHz at least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), under the NR-unlicensed WI, the RB-interlaced structure for PUCCH, PUSCH and PRACH should be designed in a unit of 20MHz with the same numerology for these UL channels.
· Proposal 1: We propose that RB-interlaced design is applied to PUSCH, PUCCH and PRACH with the same numerology considering UL channel multiplexing in the FDM manner and RB-interlaced structure for PUCCH and PUSCH should be designed in a unit of 20MHz.
PUCCH Enhancement
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 BWP unit of 20MHz and the resource unit in frequency domain for NR-U can be greatly increased for a given UE compared with PUCCH format 0, 1 and 4 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. In addition to excessive resource utilization, consequently, UE multiplexing capacity would be reduced as well. Therefore, it may be necessary to discuss how to increase UE multiplexing capacity, especially, for PUCCH format 0/ format 1/ format 4 using RB-interlaced structure. In case of PUCCH formats which perform sequence-based transmission, a RB-level multiplexing method may be further considered, in which different UEs can be additionally multiplexed in the frequency domain within 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. Although the PUCCH format 0 and 1 has been designed to have low PAPR/CM property, however, the RB-interlaced structure with PUCCH format 0 and 1 should be designed to maintain low PAPR/CM attributes in the case of interlaced RBs and additional UE multiplexing.
· Proposal 2: 
· We propose to consider RB-interlaced PUCCH in which different UEs can be multiplexed within one interlaced RBs in the frequency domain.
· 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 UE multiplexing.
PRACH Enhancement
During study item phase, it was captured in the TR 38.889 [1] 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, depending on LBT outcome on multiple LBT sub-bands/carriers, if LBT is successful on the multiple LBT sub-band/carriers, it seems beneficial that the only one of multiple PRACH resources is allowed to transmit from the perspective of resource utilization and avoiding collision between different channels of different UEs. As the 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 NR-U WI phase.
· Proposal 3: Depending on LBT outcome on multiple LBT sub-bands/carriers, if LBT is successful on the multiple LBT sub-band/carriers, it seems beneficial that the only one of multiple PRACH resources is allowed to transmit from the perspective of resource utilization and avoiding collision between different channels of different 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 that RB-interlaced design is applied to PUSCH, PUCCH and PRACH with the same numerology considering UL channel multiplexing in the FDM manner and RB-interlaced structure for PUCCH and PUSCH should be designed in a unit of 20MHz.
· Proposal 2: 
· We propose to consider RB-interlaced PUCCH in which different UEs can be multiplexed within one interlaced RBs in the frequency domain.
· 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 UE multiplexing.
· Proposal 3: Depending on LBT outcome on multiple LBT sub-bands/carriers, if LBT is successful on the multiple LBT sub-band/carriers, it seems beneficial that the only one of multiple PRACH resources is allowed to transmit from the perspective of resource utilization and avoiding collision between different channels of different UEs
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