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1 Introduction
In RAN1#103-e Meeting, the agreements [1] related to multi-beam operation were made as follows:

	Agreement:
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

Agreement:
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.


, and the email discussion of RAN1#104-e Meeting [2] related to multi-beam operation were made as follows:
	Proposal 2.10.3-1 (capture alternatives. Seems stable):
For a COT with MU-MIMO (SDM) transmission, further consider the follow alternatives (down-select or support both)

· Alt 1: Single LBT sensing at the start of the COT with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold

· Alt 2: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT

Proposal 2.10.3-2 (capture alternatives, seems stable)
Within a COT with TDM of beams with beam switching, down-select one or more of the following LBT operations 

· Alt 1: Single LBT sensing with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold

· FFS: Details on the definition of "cover"

· Alt 2: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT

· Alt 3: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT with additional requirement on Cat 2 LBT before beam switch




In this contribution, we discuss on 
· Single LBT sensing with wide beam ‘cover’ all beams 
· Independent per-beam LBT sensing 
· A mechanism to increase scheduling probability
· A mechanism to increase configured grant (CG) transmission probability
2 Discussion
Beam based operation
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. In [2], 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. 
LBT mode
a. Single LBT sensing with wide beam ‘cover’ all beams 
In Figure 1, the LBT beam covers transmission beam1 and transmission beam2. A transmitter may perform a transmission by transmission beam1 and/or transmission beam 2 in the COT as illustrated in Figure 1(a), if the transmitter performs a successful LBT procedure associated with the LBT beam before the transmission. The transmitter can not perform the transmission by transmission beam 1 or transmission beam 2 since the transmitter fails the LBT procedure associated with the LBT beam as illustrated in Figure 1(b). This concept of one LBT beam covers all transmission beams is used for SSB transmission in R-16 NR-U. 
However, this concept may have some issues due to beam based operation for 60 GHz NR-U. For example, in Figure 2(a), a measurement result of the LBT beam is an average of transmission beam 1 and transmission beam 2, and the measurement result may be failed if a “strong” interference from a potential TX interferes transmission beam 1. In this case, it is a kind of resource wastage since the transmission beam 2 is prohibited to transmit as well even it is clear. For another example, in Figure 2(b), though a “normal” interference form a potential TX interferes transmission beam1, the measurement result of the LBT beam is successful. In this case, it is a kind of hidden node problem because a DL transmission could be performed by transmission beam1 and it will collide with the potential TX.

In order to avoid resource wastage and hidden node problem as mentioned above, the LBT beam should be same as the transmission beam.

Proposal 1: In order to avoid resource wastage and hidden node problem, the LBT beam should be the same as the transmission beam.
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Fig.1 Illustration for one LBT beam covers all transmission beams
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Fig.2 Illustration for problems of one LBT beam covers all transmission beams
b. Independent per-beam LBT sensing 
In Figure 3, the LBT procedure associated with transmission beam independently (i.e. LBT procedure 1 corresponding to transmission beam 1 and LBT procedure 2 corresponding to transmission beam 2). A transmitter may perform a transmission by transmission beam 1/2 if the LBT procedure 1/2 is successful before the transmission. Consider the spatial domain multiplexing of different beams aspect, the transmitter may perform transmission by transmission beam 1 and transmission beam 2 simultaneously if both of LBT procedure 1 and LBT procedure 2 are done separately. In regarding to the time domain multiplexing of different beams aspect, the transmitter may perform the LBT and transmission procedure per-beam based one at a time. This concept of independent per-beam LBT sensing  provides full flexibility on transmitter side, and without disadvantage of resource wastage and hidden node problem as mentioned above. 
Proposal 2: Independent per-beam LBT sensing should be supported for 60 GHz NR-U.
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Fig.3 Illustration for multiple LBT beams cover multiple transmission beams
Increasing scheduling probability
In current 3GPP unlicensed technology design, including LTE LAA and NR-U, omni-directional LBT is performedby the potential transmitter. For example, after a gNB initiate a COT, it could initiate a new COT once the omni-directional LBT performed successfully. Note that 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.
For better resource utilization we can consider per-TRP directional LBT in the 60 GHz shared spectrum.For example, a gNB may configure 2 TRPs to a UE and the UE could communicate with gNB by the 2 TRPs. 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 that more scheduling opportunity for the UE can be increased on shared spectrumby M-TRP configuration.However, once the UE be configued with M-TRP, the burden of PDCCH monitoring overhead is increased as well. Therefore, PDCCH monitoring enhancement for M-TRP configuration should be supported for 60 GHz NR-U.
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Fig 5. More scheduling opportunity considering M-TRP operation
According to the discussion above, we have following proposal 

Proposal 3: PDCCH monitoring enhancement for M-TRP operation should be supported for 60 GHz NR-U.  

Increasing 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 6 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.6 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 design 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 7(a).  However, the UE may perform a successful directional LBT associated with other RS as illustrated in Figure 7(b) due to spatial division. Therefore, configuring multiple SRIs for a CG transmission should be supported for 60 GHz NR-U.
Proposal 4: Configuring multiple SRIs for a CG transmission should be supported for 60 GHz NR-U.
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Figure. 7 Considering directional LBT for a CG transmission.
3 Conclusion
In this contribution, we provide our views on 
· Single LBT sensing with wide beam ‘cover’ all beams 
· Independent per-beam LBT sensing 
· A mechanism to increase scheduling probability
· A mechanism to increase configured grant (CG) transmission probability
We have following proposals:

Proposal 1: In order to avoid resource wastage and hidden node problem, the LBT beam should be the same as the transmission beam.
Proposal 2: Independent per-beam LBT sensing should be supported for 60 GHz NR-U.
Proposal 3: PDCCH monitoring enhancement for M-TRP operation should be supported for 60 GHz NR-U.  

Proposal 4: Configuring multiple SRIs for a CG transmission should be supported for 60 GHz NR-U.
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