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1. Introduction & Background

In RAN1#92, the deployment scenarios of the unlicensed spectrum operation are agreed as below [1]:
Agreement:
Study the additional functionality needed beyond the specifications for operation in licensed spectrum in the following deployment scenarios. 

· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)

· NR-U SCell may have both DL and UL, or DL-only.

· Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)

· Stand-alone NR-U
· An NR cell with DL in unlicensed band and UL in licensed band
· Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)
In RAN1#92bis，the following physical channels/signals were further agreed to be studied in the NR-U [2].

Agreements:
· Study the design changes needed to support the following channels /signals in NR-U
· PDCCH/PDSCH

· PUCCH/PUSCH

· PSS/SSS/PBCH

· PRACH

· DL and UL reference signals applicable to the operational frequency range
In RAN1#93 meeting, the interlaced structure for UL transmission is identified to be beneficial [3].

Agreement:
· Support for Rel-15 NR PUCCH formats can be considered. Exclusion of the support of certain formats is to be identified. 

· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 

· It is identified that block-interlaced based PUSCH can be beneficial. 

· It is beneficial to use the same interlace structure for PUCCH and PUSCH. 

· The following aspects can be considered for interlace waveform based PUCCH design:

· Flexible number of OFDM symbols

· Flexible payload size

· User multiplexing

· Number of formats
In this contribution, we discuss the design of physical layer UL channels in the unlicensed spectrum.
2. Physical layer channels in NR unlicensed spectrum
In the unlicensed spectrum, the PUSCH is mandatory for UL data transmission in all kinds of scenarios such as CA, DC and standalone operation. In the standalone operation, the PUCCH and PRACH are addtionally required for UCI transmission and initial access.
1.1. Nominal Channel bandwidth
In unlicensed spectrum, regulations regarding nominal channel bandwidth are defined in [3]. The nominal channel bandwidth is the widest band of frequencies, inclusive of guard band, assigned to a single channel. The occupied channel bandwidth is the bandwidth containing 99% of the power of the signal. These definitions are defined according to a single channel bandwidth. However, BWP is introduced in NR, which is only part of the system bandwidth. The BWP can be activated by DCI, timer, or RRC signaling. UE will transmit only within its active UL BWP. In BWP operation, there is no clear view of the UL channel bandwidth for each UE. Therefore, the nominal channel bandwidth of the UE should be clarified in the NR unlicensed spectrum. Since the transmission of the UE is only performed in the active UL BWP, and the LBT should be performed in a unit of 20MHz when WiFi is present, it is reasonable to define the bandwidth of the active UL BWP as the maximum nominal channel bandwidth of the UE. Meanwhile, since the active UL BWP can be any one of the configured UL BWPs, the maximum nominal channel bandwidth of the UE changes according to its active UL BWP.

Proposal 1: The bandwidth of the UL BWP can be considered as the maximum nominal channel bandwidth for UE in the NR unlicensed spectrum. 

1.2. PUSCH
For PUSCH, since UL grant is sent ahead of time, gNB has no idea about the availability of the channel at the UE side. Multiple mini-slots transmission (like the multiple subframes transmission in eLAA) or mini-slot aggregation can be employed to facilitate the UL data transmission. A single UL grant for multiple mini-slots or multiple UL grants for multiple mini-slots are scheduled to the UE. Before the UL transmission, UE performs LBT, if the channel is sensed to be idle, UE starts UL data transmission. If the channel is sensed to be busy, UE continues performing LBT for later mini-slot transmissions. In this way, UE is able to transmit PUSCH with more possibilities whenever the channel is sensed to be idle.
Besides, since NR may have a wider channel bandwidth compared with LTE and WiFi, e.g. 40MHz, 80MHz, 100MHz. In order to avoid the impact on the existing WiFi system, the LBT channel bandwidth in NR-U should be the same as that in WiFi, i.e. 20MHz.  In this way, when the UE’s active UL BWP bandwidth is larger than 20MHz, it needs to perform multiple of 20MHz LBTs in the frequency domain as shown in Figure 1. The channel sensing results may show that all these 20MHz channels are idle or busy, or more generally, part of these channels are idle, and part of the channels are busy. The consequence is that the UE is only allowed to transmit in those idle channels, not all scheduled data can be transmitted. Since gNB has no idea about the channel status at the UE side, it may not be able to correctly decode the received data. Therefore, the UL data scheduling and/or the DMRS generation should take into account the channel availability for a wideband channel. E.g., gNB can distinguish if the data has been transmitted in each 20MHz channel by DMRS detection, and then decode the data in the active BWP by using rate matching or puncturing. The DMRS generation will be subject to the LBT subband.
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Figure 1: LBT for wideband BWP
The interlace structure in NR-U for PUSCH should consider the available PRB numbers in the NR system for different bandwidth, e.g., there are 106 PRBs in a 20MHz channel in NR. Therefore, the interlace structure in eLAA cannot be directly applied in NR-U since there are 6 more PRBs in the NR-U 20MHz channel. Either uneven interlace structure should be introduced, or these additional PRBs are left as guard band and maintain the eLAA interlace structure.
Proposal 2: To facilitate UL data transmission, a single UL grant can schedule multiple mini-slot based PUSCH transmissions. 
Proposal 3: The UL scheduling and/or DMRS generation should take into account the channel availability when the bandwidth of the active UL BWP is larger than 20MHz.
Proposal 4: The interlace structure in NR-U should be studied considering the number available of PRBs.
1.3. PUCCH

In the standalone or dual connectivity operation, the PUCCH transmission over unlicensed carrier should be supported. UCI such as ACK/NACK, SR, and CSI can be transmitted in the PUCCH. In NR, both short duration PUCCH and long duration PUCCH are supported. The PUCCH resources are semi-statically configured per BWP. In the unlicensed spectrum, regulations regarding the occupied channel bandwidth (OCB) should be complied with. In order to fulfill the 70% OCB (in 60GHz) or 80% OCB (in 5GHz) requirement, interleaved frequency domain resource allocation for PUCCH should be enabled. The semi-statically configured PUCCH resources should occupy 70% or 80% UE nominal channel bandwidth. However, since BWP is introduced in NR, and UE is only allowed to transmit within an active UL BWP unless switched by the network, therefore the UL active BWP can be viewed as the UE nominal channel bandwidth. In this case, the PUCCH resource should be allocated in an interlaced manner to occupy 70% or 80% of the BWP bandwidth. 
In addition, the length of the short PUCCH is 1 or 2 OSs, and the length of the long PUCCH is 4-14 OSs. Even for 15 kHz SCS, the long PUCCH will not exceed 1 ms. For other larger SCS with 2n x 15 kHz (n >1), the duration of the PUCCH will be reduced to less than or equal to 1/2n ms. Therefore, it is possible to apply higher channel access priority to the PUCCH, e.g. one shot LBT, especially when the UE shares the MCOT with the gNB. 
Proposal 5: Resource allocation and channel access scheme for PUCCH in unlicensed spectrum should be studied.

3. Conclusion

In this contribution, we discussed the physical layer UL channel design for unlicensed spectrum. The following proposals are given:

Proposal 1: The bandwidth of the UL BWP can be considered as the maximum nominal channel bandwidth for UE in the NR unlicensed spectrum. 

Proposal 2: To facilitate UL data transmission, a single UL grant can schedule multiple mini-slot based PUSCH transmissions. 

Proposal 3: The UL scheduling and/or DMRS generation should take into account the channel availability when the bandwidth of the active UL BWP is larger than 20MHz.
Proposal 4: The interlace structure in NR-U should be studied considering the number available of PRBs.
Proposal 5: Resource allocation and channel access scheme for PUCCH in unlicensed spectrum should be studied.
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