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1 Introduction
In RAN1#102-e Meeting, the agreement [1] related to channel access mechanism was made as follows:

	Agreement:
· For gNB/UE to initiate a channel occupancy, both channel access with LBT mechanism(s) and a channel access mechanism without LBT are supported

· FFS: LBT mechanisms such as Omni-directional LBT, directional LBT and receiver assisted LBT type of schemes when channel access with LBT is used.

· FFS: If operation restrictions for channel access without LBT are needed, e.g. compliance with regulations, and/or in presence of ATPC, DFS, long term sensing, or other interference mitigation mechanisms

· FFS: The mechanism and condition(s) to switch between channel access with LBT and channel access without LBT (if local regulation allows)




In the targeted carrier frequency range between 52.6 GHz and 71 GHz, only 60 GHz unlicensed spectrum is identified between 57 GHz and 71 GHz. In this contribution, we discuss on the benefit of directional LBT. 
2 Discussion
Directional LBT

In Rel-16 NR-U, directional LBT was discussed but not supported. One of the reasons is that most of the PHY channels and signals are not typically transmitted with narrow beam in the sub-7GHz spectrum, therefore it is not necessary to support directional LBT. For currently supported unlicensed technic in 3GPP, including LTE LAA and NR-U, a baseline to perform LBT is omni-directional LBT by the potential transmitter. However, in high frequency range (i.e. above 52.6GHz) the directional transmission, i.e. beam based transmission, should be assumed to combat the large path loss. Since the cell coverage can be reduced in the high frequency band, the beam-based transmission using a multi-antenna beamforming technique may be useful. Therefore, the directional LBT can be utilized for channel access mechanism to enhance the spatial reuses of beam-based transmission in above 52.6GHz band. Compare the beam-based transmission using directional LBT with beam-based transmission using the (legacy) omni-directional LBT as illustrated in Fig. 1, directional LBT can lead to better channel access probability and correspondingly better spatial reuse under the same ED threshold.
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Fig.1 Comapre directional LBT with omni-directional LBT
Following we provide 2 examples to show the benefit of directional LBT.
Example 1: Configured grant transmission

The IE ConfiguredGrantConfig is used to configure uplink transmission without dynamic grant according to two possible schemes. The actual uplink grant may either be configured via RRC (type 1) or provided via the PDCCH (addressed to CS-RNTI) (type2).  Specifically, if a field of rrc-ConfiguredUplinkGrant as illustrated in Figure 2 is in ConfiguredGrantConfig, the configuration for configured grant (CG) transmission with fully RRC-configured UL grant (type 1). If the field is absent the UE uses UL grant configured by DCI addressed to CS-RNTI (Type2). 
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Fig.2 rrc-ConfiguredUplinkGrant
For a CG transmission in R-16 NR-U, upon a UE performs a successful omni-directional LBT, the UE may performs the CG transmission according to srs-ResourceIndicator (SRI) wherein the SRI is linked to a sounding reference signal (SRS) resource and the SRS resource is QCLed with a reference signal (RS). Currently, there is only one SRI configuration, e.g., one QCL assumption, for the CG transmission. Considering directional LBT operation for R-17 NR-U, the UE may not be able to perform the CG transmission, if the directional LBT associated with the RS is failed as illustrated in Figure 3(a).  However, the UE may perform a successful directional LBT associated with other RS as illustrated in Figure 3(b) due to spatial division. Therefore, the CG transmission opportunity may be increased if the CG transmission is configured with multiple SRIs and the directional LBT is supported. 
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Figure. 3 Considering directional LBT for a CG transmission.
Example 2: M-TRP operation
For currently supported unlicensed technic in 3GPP, including LTE LAA and NR-U, a baseline to perform LBT is omni-directional LBT by the potential transmitter. For example, after a COT initiated by a gNB, the gNB could initiate a new COT if it performs omni-directional LBT successfully. During the time needed for the omni-directional LBT, e.g., a time gap as illustrated in Fig 4, the gNB can not provide any downlink service to the UE since there is no room for spatial domain. 
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Fig 4. Illustration for a time gap between two neighbour COTs.
On 60 GHz shared spectrum considering directional LBT, a gNB may configure 2 TRPs to a UE, e,g,, the UE could communicate with gNB by the 2 TRPs, and each TRP may perform directional LBT assoicated with different QCL assumptions as illustrated in Fig. 5 to acquire channel independently. From gNB’s perspective, the resource could be utlized to serve the UE is the union of the first TRP’s COT and the second TRP’s COT. The UE may be  scheduled by TRP#0 in the beginning, and may be scheduled by TRP#1 after a last symbol of TRP#0’s COT as illstrated in Fig. 5. The benefit of more scheduling opportunity for the UE could be seen by M-TRP operation on shred spectrum if the directional LBT is supported. 
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Fig 5. More scheduling opportunity considering M-TRP operation
According to the discussion above, we have following proposal 

Proposal 1: Directional LBT should be supported in R-17 NR-U.

3 Conclusion
In this contribution, we provide our views on the benefit of directional LBT, we have following proposal:

Proposal 1: Directional LBT should be supported in R-17 NR-U.
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