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1. Introduction & Background

In RAN1#75, the study item of NR based access to unlicensed spectrum was agreed [1].  In RAN1#92, the deployment scenarios of the unlicensed spectrum operation are agreed as below [2]:
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 the different scenarios, physical layer channels may require further enhancements to adapt to the uncertainty of the channel availability in the unlicensed spectrum.  In this contribution, we discuss the design of physical layer channels in the unlicensed spectrum.
2. Physical layer channels in NR unlicensed spectrum
In the unlicensed spectrum, the PDCCH, PDSCH, and PUSCH are mandatory for DL and UL data transmission in all kinds of scenarios such as CA, DC and standalone operation. In the standalone operation, the SSB, PUCCH and PRACH are addtionaly required for synchronization, UCI transmission and initial access.
1.1. PDCCH
In the licensed assisted access to the unlicensed spectrum with carrier aggregation, cross carrier scheduling from licensed spectrum is supported. The PDCCH is transmitted in the licensed spectrum, no special design is required. When self-scheduling is employed, the PDCCH transmission in the unlicensed spectrum should be enabled. Due to the uncertainty of the channel availability subject to LBT, the channel may become available at any time. In order to make full use of the channel resources, the PDCCH should be able to be transmitted at any symbol within a slot. In LAA, an additional starting position in symbol 7 is introduced to increase the transmission possibility. In NR, gNB can configure symbol level PDCCH monitoring occasion for UE operating on unlicensed carrier. Therefore, Rel-15 design of PDCCH structure and search space can be used for unlicensed band operation and no further change seems needed. 
1.2. PDSCH/PUSCH
Similar as PDCCH, the PDSCH and PUSCH are required to be transmitted at any OS within a slot to fully utilize the channel resources. Mini-slot transmission is the possible solution. For PDSCH, UE can directly detect it after it detects the PDCCH, no further enhancement is needed. 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 transmitted 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.
In order to meet the regulatory requirements, the UL transmission has to span over 70% of the nominal channel bandwidth in 60GHz band or 80% of the nominal channel bandwidth in 5GHz band. In LTE, the interlaced PUSCH resource allocation with SC-FDMA waveform is specified for this purpose. In NR, CP-OFDM is supported with non-contiguous frequency resource allocation (type 0 RA), it can be directly reused to meet the regulatory requirement. The interlaced PUSCH resource allocation in NR should be introduced only when existing type 0 RA is considered as not sufficient. 
Proposal 1: To facilitate UL data transmission, a single UL grant can schedule multiple mini-slot based PUSCH transmissions. 
Proposal 2: The interlaced PUSCH resource allocation in NR should be introduced only when existing type 0 RA is considered as not sufficient.
1.3. SSB

In the standalone operation, SSB should be transmitted for synchronization and initial access. The current SSB patterns are illustrated in Figure 1. 
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Figure 1 SSB patterns

In order to transmit SSB in the unlicensed spectrum, LBT should be performed immediately before the SSB transmission. As shown in figure 1, in 15 kHz SSB and 30 kHz SSB pattern 2, there is a gap before each SSB where LBT can be performed. However, for 30 kHz SSB pattern 1 and 120/240kHz SSB patterns, there is no gap between adjacent SSBs thus the LBT resource should be considered. 
For 30 kHz SSB pattern 1, as it will be operated on below 6GHz frequencies where beam specific LBT is not required, therefore it is possible to perform LBT before the two adjacent SSBs, and then gNB transmits the two SSBs according to the LBT results. As shown in figure 1, the LBT can be performed at the gap before SSB1 and/or SSB 3. For 120/240 kHz SSB at mmWAVE, since analog beamforming is required, individual LBT has to be performed for each SSB if beam sweeping is used for the SSB transmission. However, current SSB pattern does not provide LBT gap between adjacent SSBs thus further consideration is required. The first solution is to design new patterns for the SSB in unlicensed spectrum using 120/240kHz which allows LBT gap between SSBs. An example pattern for 240kHz SSB is shown in Figure 2. In every 4 slots, 4 SSBs are equally spaced, and LBT is performed in the OSs immediately before the SSB. gNB needs about 10us for each transition, i.e. from the SSB transmission to channel sensing, and from channel sensing to SSB transmission. The total transient time requires around 4 OSs and it should be taken into account when reserving OSs for LBT. Compared with the 240 kHz SSB pattern in Figure 1, twice of the time will be required to transmit the same number of SSBs. For example, 4 ms are needed to transmit 64 SSBs using the new SSB pattern. The second solution is to maintain the current SSB pattern, but allows only a subset of SSBs to be transmitted. Other SSBs are not transmitted and used as LBT gap. For example, in the 240 kHz SSB pattern, the OSs of SSB2 and SSB3 may need to be used for the LBT of SSB4. The LBT of SSB1 can be performed in symbol #0~7 as shown in Figure 3.
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Figure 2: 240kHz SSB pattern in unlicensed band
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Figure 3: LBT for 240kHz SSB pattern
Proposal 3: SSB transmission in the unlicensed spectrum should be further studied due to LBT. 
1.4. PRACH
In non-standalone operation, only contention free RACH procedure is required on unlicensed carrier. The MSG 0 and MSG 2 are transmitted in the licensed Pcell as shown in Figure 2. However, for standalone operation, both contention-based and contention free RACH procedure should be supported. For the contention-based 4-step RACH procedure, currently four independent LBTs are required, unsuccessful LBT will lengthen whole the random access procedure and cause RACH failure. Therefore, longer monitoring window for MSG 2 reception and MSG 4 reception at the UE side are beneficial to ensure the channel availability at gNB side. Furthermore, more RA-RNTIs may also be required since more UEs may be stacked due to the busy channel state at the gNB side when sending MSG 2.
Another way to enhance the RACH procedure in the unlicensed spectrum is to simplify the RACH procedure. For example, reducing the contention-based RACH procedure from four steps to two steps will significantly reduce the delay caused by LBT. In the two-step RACH procedure, UE listens to the channel and sends the preamble and the RACH payload such as UE ID, BSR, etc. in the first step, gNB then performs LBT and responses to the UE by sending back off indicator, contention resolution message, etc.
In addition to the above, the RACH waveform needs to be considered such that the RACH transmission is distributed to the UE nominal UL bandwidth, to fulfill the regulatory requirement on occupied channel bandwidth (OCB). 
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Figure 2: RACH procedure

Proposal 4: Both contention-based and contention free RACH procedure should be supported in standalone operation over unlicensed spectrum.

Proposal 5: Consider following RACH enhancements for efficient standalone operation over unlicensed spectrum.

· Introduction of 2-step RACH

· Extending monitoring window for MSG2 and/or MSG4 reception

· Enhanced RACH waveform

1.5. 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 PDCCH and long duration PDCCH 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 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 a interleave way 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 6: Resource allocation and channel access scheme for PUCCH in unlicensed spectrum should be studied.

3. Conclusion

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

Proposal 1: To facilitate UL data transmission, a single UL grant can schedule multiple mini-slot based PUSCH transmissions. 

Proposal 2: The interlaced PUSCH resource allocation in NR should be introduced only when existing type 0 RA is considered as not sufficient.
Proposal 3: SSB transmission in the unlicensed spectrum should be further studied due to LBT.

Proposal 4: Both contention-based and contention free RACH procedure should be supported in standalone operation over unlicensed spectrum.

Proposal 5: Consider following RACH enhancements for efficient standalone operation over unlicensed spectrum.

· Introduction of 2-step RACH

· Extending monitoring window for MSG2 and/or MSG4 reception

· Enhanced RACH waveform

Proposal 6: Resource allocation and channel access scheme for PUCCH in unlicensed spectrum should be studied.
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