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1 Introduction
In RAN1#101-e Meeting, the conclusion [1] related to channel access mechanism and beam management were made as follows:

	· Supported channel access and interference mitigation techniques

· Discussion may include how RAN1 should conclude on channel access schemes and/or interference mitigation techniques (e.g. omni-directional LBT, directional LBT, receiver-aided LBT, no-LBT, ATPC, etc) and identification of various consideration aspects (in the decision-making process)

· Discussions may also include whether to always mandate LBT operations or not
· Beam management

· Beam determination/refinement during initial access
· Beam failure detection issues

· DL/UL beam correspondence in licensed/unlicensed spectrum


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 discussion on directional LBT, configured grant transmission and beam failure detection issues on 60 GHz unlicensed spectrum.  
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 performance 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.
Proposal 1: Directional LBT should be supported in R-17 NR-U.
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Fig.1 Comapre directional LBT with omni-directional LBT
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 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 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, RAN1 should study how to increase the transmission opportunity of a CG transmission considering directional LBT.
Proposal 2: Study how to increase the transmission opportunity of a CG transmission considering directional LBT.
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Figure. 3 Considering directional LBT for a CG transmission.
Beam failure detection on unlicensed band

For fast beam pair link reestablishment on licensed band, beam failure recovery procedure had been introduced on PCell and SCell in Rel-15 and Rel-16 respectively. The beam quality of PDCCH could be monitored through configuring periodic RS for beam failure detection (BFD), where the periodic RS and PDCCH have the same TCI state ID. As shown in Fig.1, the BFD procedure is based on periodic BFD RS to decide whether all the monitored beams are failure or not. 
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Fig.1 BFD procedure on licensed band

Now considering beam failure detection on unlicensed band, the BFD procedure may not reflect the real beam state due to uncertainly BFD RS transmission for UE to evaluate the quality of BFD RS. As shown in Fig.2, the BFD RS would be transmitted within the channel occupancy time (COT) if listen-before-talk (LBT) procedure succeeds. However, if LBT is failure, the gNB can not transmit the BFD RS to UE and the UE would not be able to measure the BFD RS outside the COT. In this case, even through UE is configured a periodic BFD RS, the number of BFD RS within the COT may be insufficient for evaluating the quality of the control beams.
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Fig.2 BFD procedure on unlicensed band

Furthermore, as shown in Fig. 3, if the beam failure happened before the UE receives the information of COT length through DCI format 2_0, the UE can not perform BFD RS measurement when the UE cannot ensure that the BFD RS is transmitted within a COT. In this case, the BFD procedure cannot be triggered.
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Fig.3 BFD procedure on unlicensed band

From UE’s perspective, BFD procedure may need to be modified under the above circumstances if our intention is to reuse the beam failure recovery procedure already introduced on licensed band and apply to unlicensed band. To reflect the real beam state for fast beam recovery, we should study beam failure detection considering the uncertain BFD RS transmission on unlicensed band.

Proposal 3: Study beam failure detection considering the uncertain BFD RS transmission on unlicensed band

3 Conclusion
In this contribution, we provide our views on directional LBT, configured grant transmission and beam failure detection issues on 60 GHz unlicensed spectrum. According to the discussion above, we have following proposals:

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

Proposal 2: Study how to increase the transmission opportunity of a CG transmission considering directional LBT.

Proposal 3: Study beam failure detection considering the uncertain BFD RS transmission on unlicensed band
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