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1. Introduction

In last RAN meeting, the scope of extending current NR operation to 71 GHz has been updated. According to the outcome of the study item, this WI extends NR operation up to 71GHz considering, both, licensed and unlicensed operation, with the following objectives for RAN1[1]:

· Physical layer aspects including :
· In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 

Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
· Time line related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timeing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 

· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range. 
· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP.

· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.

· Note: coverage enhancement for SSB is not pursued.

· Specify timing associated with beam-based operation to new SCS (i.e., 480kHz and/or 960kHz), study, and specify if needed, potential enhancement for shared spectrum operation
· Study which beam management will be used as a basis: R15/16 or R17 in RAN #91-e
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
       Note: coverage enhancement for multi-PDSCH/PUSCH scheduling is not pursued

· Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.

· Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum 

· Evaluate, and if needed, specify the PTRS enhancement for 120kHz SCS, 480kHz SCS and/or 960kHz SCS, as well as DMRS enhancement for 480kHz SCS and/or 960kHz SCS.

· Physical layer procedure(s) including :
· Channel access mechanism assuming beam based operation in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz.
· Specify both LBT and No-LBT related procedures, and for No-LBT case no additional sensing mechanism is specified.

· Study, and if needed specify, omni-directional LBT, directional LBT and receiver assistance in channel access
· Study, and if needed specify, energy detection threshold enhancement 
In this contribution, we will provide some discussions on channel access mechanism to support NR operation between 52.6 GHz and 71 GHz.
2. Discussions 
2.1 LBT bandwidth

There are some conclusions for LBT bandwidth in study phase [2]:
On the LBT bandwidth (bandwidth over which a single contiguous LBT is performed) relative to channel bandwidth (as defined in RAN4), the following alternatives have been discussed. Further down-selection of one or more of these alternatives (if needed) should be further discussed when specifications are developed.

-
Alt 1: LBT bandwidth equals channel bandwidth,

-
Alt 2: LBT bandwidth equals the minimum of channel bandwidth and the transmission bandwidth (number of RBs for a given transmission),

-
Alt 3: LBT bandwidth can be wider than channel bandwidth,

-
Alt 4: LBT bandwidth can be narrower than the channel bandwidth, with multiple LBT subband within a channel,

-
Alt 5: LBT bandwidth equals with minimum supported channel bandwidth or multiples of the minimum supported channel bandwidth.
Base on the discussions in RAN plenary and the revised WID, three SCSs should be supported: 120kHz, 480kHz and 960kHz. With 50PRB, the bandwidth will be 80MHz, 320MHz and 640MHz for the three SCSs. Considering the maximum bandwidth of one carrier for 120kHz SCS is 400MHz, it is hard to use one LBT bandwidth to match all SCS and different services. A flexible LBT bandwidth selection mechanism could be considered for unlicensed band operation within 52.6-71GHz.
Proposal 1: Multiple LBT bandwidth could be considered for unlicensed band operation within 52.6-71GHz.
In previous meetings, there are some discussions on the mapping of nominal channel bandwidth to bandwidth definitions in NR. In principle, we should consider the relationship between LBT bandwidth and nominal bandwidth. At least, LBT bandwidth is equal to nominal bandwidth when one LBT bandwidth is within one carrier and OCB requirement is applied for each LBT bandwidth. If one LBT bandwidth is across multiple carriers, some clarifications are needed for the definition of nominal bandwidth and LBT bandwidth.
Proposal 2: The relationship between LBT bandwidth and nominal bandwidth should be clarified. 
For different SCS, the candidates LBT bandwidth could be different. Even for each SCS, there should be some flexibility to use different LBT bandwidth to match different use cases. When we specify LBT bandwidth, OCB requirement will limit the combinations, especially for the uplink design. If interlace based uplink design is used to meet OCB requirement, 50 and 100 PRB based LBT bandwidth could be considered for each SCS to minimize specification works. 
Proposal 3: If interlace design is used for uplink, 50 and 100 PRB based LBT bandwidth should be considered.
When CA is configured to use over 1GHz bandwidth with SCS 120kHz, LBT bandwidth can be wider than channel bandwidth. With one wide LBT bandwidth over multiple carriers, the overhead of LBT could be saved. However, in this case, multiple nominal bandwidths should be considered to match different carriers instead of one nominal bandwidth. gNB or UE transmission could follow the OCB requirements for each carrier’s nominal bandwidth with transmission power limitation.
Proposal 4: Alt.3 and Alt.5 should be specified for LBT bandwidth selection.
2.2 no-LBT
The agreements in study phase for no-LBT mode are as follow:

For operation where LBT is not required, the following can be further discussed when specifications are developed:

-
whether to introduce additional conditions/mechanisms for no-LBT to be used, or whether to leave it for gNB implementation,

-
when no-LBT mode is used, whether to introduce additional restrictions, such as DFS needs to be applied, ATPC needs to be applied, long term sensing needs to be applied, certain duty cycle limitation, certain transmit power limitation, MCOT limits, etc, or leave the restriction for gNB implementation,

-
when no-LBT mode is used, whether to introduce mechanism for the system to fallback to LBT mode, or whether to leave it for gNB implementation.
When there is no regulatory requirement for LBT, the need for LBT design can be considered according to the deployment scenarios. If there are no other systems to coexist, the LBT behaviour is unnecessary and the additional LBT will only bring system capacity loss. If there are other systems operating in the same frequency but without LBT requirements, in order to coexist with other systems, gNB can detect interference types by its own and determine its transmission strategy. Since gNB can control the behaviours of UEs, gNB could monitor the interference in a variety of ways, and then do some interference avoidance according to the long-term interference distribution. When the interference is serious, LBT mode could also be used to increase the transmission success rate and mitigate the inter system interference. When and how to trigger the LBT mechanism and configure the relevant parameters could be left to gNB implementation. 
Proposal 5: When no-LBT mode is used, when and how to trigger the LBT mechanism and configure the relevant parameters could be left to gNB implementation.
2.3 LBT types

According to the discussions in SI phase, use the CCA check procedure in EN 302 567 as the baseline for channel access for 60GHz band when LBT is applied. When LBT mode is used, it can be further discussed when specifications are developed if a responding device should use a Cat 2 LBT to share the COT, and if yes, how to define the Cat 2 LBT and if a maximum gap is to be introduced between the initiating device and responding device transmissions. 

It is obvious that if all data transmissions even within a COT use Cat 4 based LBT mechanism, there will be a system capacity loss. The definition of COT sharing is well defined in NR-U and it is natural that Cat 2 LBT could be supported within a COT with some adjustments for 52.6-71GHz.
Proposal 6: Cat 2 LBT could be used to share the COT.
if regulations do not allow short control signaling exemption in a region when operating with LBT, operation with LBT for these short control signals should be supported. Cat 2 LBT is used for NR-U DRS transmission and Cat 2 like LBT should also be considered for short control signaling. As for the detail design of Cat 2 LBT design, the length of channel occupation detection part for Cat 2 LBT could be 4 or 5 us and the threshold corresponding to the power level for energy detection could follow the energy detection threshold definition in EN 302 567 as baseline. The number of channel occupation detection times for each Cat 2 LBT could be fixed and the gap between each channel occupation detection could be FFS. The maximum length of each control signaling transmission could be 1ms and the maximum transmission times within 1s could be 20.
Proposal 7: Cat 2 LBT could also be used for short control signaling. 
2.4 Directional LBT

Considering that omnidirectional LBT above 52.6GHz will bring over protection, directional LBT is proposed by different companies. Obviously, with the introducing of directional LBT at transmitter, interference over protection problem could be mitigated. The following conclusion are achieved in SI phase:

When LBT mode is used, spatial domain multiplexing of different beams is supported. The LBT requirement (if any) for spatial domain multiplexing of multiple beams can be further discussed when specifications are developed. At least the following can be considered while other LBT considerations are not excluded:

-
leave the LBT behaviour for implementation,

-
one LBT beam covers all transmission beams,

-
multiple LBT beams cover multiple transmission beams.

When LBT mode is used, time domain multiplexing of DL/UL transmissions in different beams in the same COT is supported. The LBT requirement (if any) for time domain multiplexing of DL/UL transmissions in multiple beams can be further discussed when specifications are developed. At least the following can be considered while other LBT considerations are not excluded:

-
no additional LBT requirement defined and leave the LBT behaviour for implementation,

-
perform directional or omni-directional LBT at the beginning of COT with sensing beam(s) that covers all TDM beams and with no LBT before each beam switching in the middle of COT, 

-
perform directional or omni-directional LBT at the beginning of COT with sensing beam(s) that covers all TDM beams or the first transmission beam, and additional directional LBT with sensing beam that covers the next transmission beam for each beam switching in the middle of COT.
When directional LBT is performed, LBT beam and transmission beams should be matched. In principle, one LBT beam could cover multiple transmission beams and once LBT success, all transmission beams covered by LBT beam could transmit data. If one LBT beam covers many transmission beams, the benefit of directional LBT is limited. Ideally, multiple LBT beams covering multiple transmission beams could fully exploit the potential of directional LBT. According to the LBT mechanism in EN 302 567, one LBT process includes multiple channel energy detection and the detection time is not fixed. This makes it is hard to operate multiple directional LBT processes at the same time to access channel. A reasonable way for Cat 4 like directional LBT is that one LBT process contains multiple directions.
Proposal 8: One LBT beam covering all transmission beams could be used for data transmission.

If Cat 2 LBT could be supported for short control signaling or COT sharing, the ending time of one LBT process should be fixed. Multiple LBT beams covering multiple directions can be operated synchronously. When interference is detected in some directions, control signaling and/or data transmission followed by directional LBT could carry out in the directions without interference. 
Proposal 9: Multiple LBT beams covering multiple directions could be used for Cat2 LBT.

Once directional or omni-directional LBT at the beginning of COT with sensing beam(s) that covers all TDM beams or the first transmission beam is performed, the following data transmission within the COT could perform Cat 2 LBT. The LBT directions of the Cat 2 LBT should be covered by initial LBT. Besides, multiple LBT beams could also be considered for multiple transmission directions.
Proposal 10: Additional directional LBT with sensing beam that covers the next transmission beam for each beam switching in the middle of COT could be supported.
3. Conclusion
In summary, the following proposals are provided:
Proposal 1: Multiple LBT bandwidth could be considered for unlicensed band operation within 52.6-71GHz.
Proposal 2: The relationship between LBT bandwidth and nominal bandwidth should be clarified. 
Proposal 3: If interlace design is used for uplink, 50 and 100 PRB based LBT bandwidth should be considered.
Proposal 4: Alt.3 and Alt.5 should be specified for LBT bandwidth selection.
Proposal 5: When no-LBT mode is used, when and how to trigger the LBT mechanism and configure the relevant parameters could be left to gNB implementation.
Proposal 6: Cat 2 LBT could be used to share the COT.

Proposal 7: Cat 2 LBT could also be used for short control signaling. 
Proposal 8: One LBT beam covering all transmission beams could be used for data transmission.

Proposal 9: Multiple LBT beams covering multiple directions could be used for Cat2 LBT.

Proposal 10: Additional directional LBT with sensing beam that covers the next transmission beam for each beam switching in the middle of COT could be supported.
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