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Introduction
The study item on supporting NR from 52.6 GHz to 71 GHz was  approved in RAN 86 meeting[1], the objects of SI are listed as following 
· Study of required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz
· Study of applicable numerology including subcarrier spacing, channel BW (including maximum BW), and their impact to FR2 physical layer design to support system functionality considering practical RF impairments [RAN1, RAN4].
· Identify potential critical problems to physical signal/channels, if any [RAN1].
· Study of channel access mechanism, considering potential interference to/from other nodes, assuming beam based operation, in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz [RAN1].
Note: It is clarified that potential interference impact, if identified, may require interference mitigation solutions as part of channel access mechanism.
In RAN1#101e,  the potential area of  channel access mechanism for NR operations in 52.6-71 GHz were agreed   as follows, 
· Companies are encouraged to provide inputs and considerations for the following identified physical layer aspects:
· Identification of regulatory aspects to consider in channel access (and interference mitigation techniques) for 60GHz unlicensed NR operation
· Note: some examples of consideration aspects could be CCA sensitivity levels, time unit for measurement and back-off counters, access categories, channel bandwidth occupancy, LBT bandwidth, maximum output power, ED threshold, etc.
· 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
· In addition to the above considerations, the following physical layer aspects have been additionally mentioned (but not limited to) in RAN1#101-e and can be further studied:
· Channel access
· OCB constraints and related specification impact
· PSD constraints and related specification impact
· FBE operations 
· LBT procedure with respect to {carrier BW, RB set, maximum power, ED threshold}
· Shared COT mechanisms
· Potential enhancements to increase the channel access opportunities

In this document, channel access mechanism above 52.6GHz and up to 71GHz is discussed with  the focus onthe beam-forming based LBT scheme and the beam management.
1. Discussion on Channel access mechanism for operation above 52.6GHz and up to 71GHz 

The principle of channel access mechanism for operation above 52.6 GHz and up to 71 GHz is to perform beamforming on all access channels to accommodate the fast propagation loss in high frequency band for extended coverage.  The beam management and DL/UL beam correspondance would be critical in successful operation in 52.6 GHz to 71 GHz.      The beamforming operation could be categorized into beam sweeping for DL common channels before UE access and UE-specific beamforming for DL/UL operation after UE access and connect to the network.   
For operation between 52.6 GHz and 71 GHz, the beamwidth of the beamforming operation would need to be even narrower in order to extend the coverage area. The narrow beamwidth requires a precise direction in the beamforming for effective access and also provides the challenge in the following area,
· Number of beams in the beam sweeping – The number of beams increases as the beamwidth gets narrower to cover the same area.   Since the beam sweeping is performed in TDM, the amount of time to sweep through the area would increase with the same SCS.   The UE complexity in detecting the common channel through beam sweeping would increase.  
· DL/UL Beam correspondence - The narrow beamwidth of beamforming provides the energy concentration of DL control and data transmissions for UE to improve the quality of DL reception.  However, the energy concentration of narrow beamwidth comes with the price of narrow cover area.   The transmitter and receiver need to frequently sync-up on the beam using for Tx and Rx due to UE mobility.   When the beamwidth gets narrower, the frequency of sync-up for beam correspondence will increase.    
· Measurements and report for beam managements – The beam management requires UE performing beam quality measurements, measurement report and event trigger for the maintenance of the number of connected beams.   When the beamwidth gets narrower, the variation of beam quality gets faster.   The frequency of measurements and reports need to get more frequently in order to achieve beam adaptation.   
· Interference managements and clear channel detection – Beamforming is not only used to improve the received signal quality by energy concentration in the transmit direction but also mitigate the co-channel interference to the other directions.   Beamforming also create the challenge of the interference measurement for the interference management since the co-channel interference level would be very robust from the neighboring cells.  In particular, it poses another challenge to the distributed/non-coordinated multiple access with interference mitigation scheme, such as carrier-sensed RACH access or unlicensed band access with LBT.    

LBT Channel Access Scheme and interference mitigation techniques for NR operation up to 71 GHz

In LTE-LAA and Rel-16 NRU, LBT mechanism is used to detect a clear channel for data transmission in unlicensed spectrum for collision avoidence. When gNB/UE wants to perform access COT(channel occupy time), gNB/UE needs to  perform LBT.  Energy detection is the basic procedure unit for LBT, which detects energy on a special channel at a special time unit(|e.g 9us in NRU).

The LBT schemes studied in Rel-16 NR-U focusing in sub-6GHz frequency and included the following categories, 
· Category 1(Immediate transmission after a short RX/TX switching gap), 
· Category 2(LBT without random back-off, the duration time is more than 16us and less than 25us)
· Category 4( LBT with random back-off with a contention window of variable size)  
[bookmark: _Hlk47519249]These three categories are for different scenarios. For LBT category 1, UE/gNB can continue to transmit data if the pause stop duration is less than 16us and channel sensing is avoid. LBT category 2 is one shot channel sensing procedure, the scenario is for short stop transmission duration  which is more than 16us and less than 25us, and only one short LBT is required. LBT category 4 obtain LBE based COT (channel occupy time)  procedure . For NR operation in 52.6 -  71GHz, these three LBT categories can be considered as the starting points for proposal and evaluations.   The   setting of LBT parameters for NR operation in unlicensed spectrum should  use those defined in 802.11ad as the reference for the study of the coexistence.    The UE capability of processing time, such as  the  7 µs transition time of   /  defined in TS38.211,  should be used as the reference for the time gap in the LBT.    The time gap of category 1 shall be great than 7 µs.  The time gap with additional downlink/uplink propagation delay  should be at least 10 µs 

Proposal 1:  For NR operation in 52.6 - 71GHz, these three LBT categories can be considered as the starting points for proposal and evaluations.   The setting of LBT parameters for NR operation in unlicensed spectrum should use those defined in 802.11ad as the reference for the study of the coexistence.    

Those categories LBT(s) are specified based on the assumption of transmission by an omni /sectorized direction antenna from Tx UE or gNB for energy detection by Rx UE or gNB. It can reflect the channel occupancy well for contention-based data access for the operation in unlicensed band.  . 

For the operation on 52.6GHz and up to 71GHz, the beamforming is used for all control/data channel to increase coverage and improve reeving performance.  If all control/data channel(s) are beamformed with the assumption of LBT as the transmission from omni/sectorized directional antenna from Tx UE/gNB as LTE-LAA/Rel-16 NRU, there will be a hidden/exposed node issue  as shown in  Figure 1.

The hidden node issue of beamformed transmission in unlicensed band is shown as case A in Figure 1.  It assumes that gNB2 is transmitting data to UE2 on beamformed PDSCH.  At the same time, gNB1 performs LBT procedure with the assumption of omni antenna transmission from all transmitters on the channel for data transmitting to UE1.   The gNB1 receives a clear channel indication due to the LBT results of no energy detection of channel occupancy from gNB2. gNB2 will generate  strong interference to the UE1. The performance of data reception at the UE1 will be degraded due to hidden co-channel interference not detected

Another issue of narrow beamwidth transmission is shown as case B in Figure 1.   The LBT procedure of gNB1 will be challenged due to the energy detection of the co-channel interference would not have précised Rx beam correspondence from the Tx beam.   The LBT procedure would be challenged to detect the channel occupancy through the energy detection since the Rx beam does not adapt to the beam of the interference source.    



Figure 1: LBT on omni /sectorized-directional and data transmission on beam


Observation 1: The energy detection algorithm of LBT based on the assumption of omni antenna is not feasible for the beamforming based Tx/Rx operation.   

Proposal 2: The interference mitigation of beamforming based operation needs to be investigated in place of LBT based operation for distributed channel access scheme.

When PDCCH/PDSCH is transmitted on beam 1 as shown Figure 1,  gNB would only perform LBT on the respective direction of Tx beam with DL/UL beam correspondence.   
 However, the directional LBT in Tx node might create a  new hidden node scenario because the sensing result in Tx node cannot be represent situation of Rx node. In Tx node, the LBT may be successful with clear channel indication.  gNB will transmit data in the direction of  LBT beam, UE might be interfered by another signal with beamforming from other direction at the receiver. The  handshake mechanism (e.g  measurement in Rx side and report to Tx side)  can be studied to enable gNB obtaining the channel occupancy information from the RX UE.  ,  This will enhance the gNB in determining the clear channel status of LBT before the  PDCCH/PDSCH transmission.  .     

Proposal 3:  The mechanism of LBT enhancement for beamforming operation in 52.6-71 GHz can be studied as follows, 
· The procedure of directional LBT with same beamwidth of PDCCH/PDSCH.  .
· The handshake mechanism  (e.g  measurement and report)  with UE feedback of channel status at the receiver in helping  gNB  in determining the clear channel status.   
For NR operation in 52.6 – 71 GHz, gNB may support beam sweeping of SSB up to 64  beams. For the UE-specific beam of PDCCH/PDSCH, the total number of beams will be more than the number of beam sweeping beams for SSBs.   When gNB performs directional LBT procedure with parallel  LBT procedures at both gNB and UE, it will improve channel sensing efficiency to enable gNB  finding idle channel quickly. As the same reason, during the handshaking procedure, when UE senses channel from multiple beams, 


As shown Figure 2, A (left figure) show that there are four UEs locating at different place, gNB need to to transmit data to each UE with different beam.  gNB can send data to  a UE on only one  idle beam channel at a time.   Transmissions of multiple beams with each beam to a UE are TDMed.  Before PDSCH transmission at each beam,  gNB will do four independent LBTs at  four beams and select one idle channel to transmit data for each beam.   B (left figure) show that if four ED procedure are allowed in a sensing slot,  gNB can obtain the idle channel (e.g beam 2) efficiency.
 
Proposal 4: For increasing the channel access opportunities, the scheme of multi-beam ED measurement in a sensing slot can be studied. 

Beam adaptation operation 
Dynamic beam adaption is used for the beamformed based operation in FR2 in NR.  Multiple DL and UL beams are maintained through beam management.   One beam is dynamic indicated through TCI indication by for UE specific PDCCH reception.  Up to 8 beams are maintained by beam management for dynamic beam adaptation of PDSCH/PUSCH transmission. gNB scheduler will determine which beam is used selected from 8 candidate beams and  indicate to UE  by TCI in DCI for  UE performing corresponding Tx/Rx beam optimization for  PDSCH/PUSCH operation.
While the beam-formed control/data channels are used for distributed channel access, the dynamic beam adaptation controlled by gNB scheduling needs to be enhanced to support the robust co-channel interference. For example,  gNB schedules UE to transmit PUSCH on beam1 with a give SRI.  UE performs interference measurement and clear channel detection (e.g., LBT) on beam1 after receiving the scheduling grant.   If the clear channel detection is only based on the corresponding Tx beam from the assigned SRI, the co-channel interference from other UEs to the gNB could not be detected due to different DL/UL beam correspondence.       The non-detected co-channel interference will make UE believe the UL channel is clear for beamformed PUSCH transmission.    This will have the results of degradation for the beam adaptation.    
 Proposal 5: The enhancement of beam adaptation shall be studied to improve scheduling efficiency in distributed and non-coordinated accesses in unlicensed spectrum.  

Potential issues for  beamformed operation for up to 71 GHz 

Beam sweeping of SS/PBCH block

In Rel-16 NRU operation in unlicensed spectrum the beam sweeping of SSB is supported without further enhancement with the assumption of all SSB(s) being transmitted  after LBT without enhanced LBT procedure.  For the narrow beamwidth beamforming operation up to 71GHz in unlicensed band,  more SSBs  are needed to cover the same area. For example, in Rel-16 NRU the maximum number of candidate position   for 15 kHz SCS of SS/PBCH blocks to support at most 4 SSB(s) transmission, and  for 30 kHz SCS of SS/PBCH blocks to support at most 8 SSB(s) transmission. In Rel-17 up to 71GHz, the 64 SSB beams for licensed and unlicensed should be supported that was approved in RP-193229 in RAN86. 
[bookmark: _GoBack]As describing in section 2.1, LBT with the assumption of omni Tx antenna from interference source may result in LBT failure  for above 52.6GHz operation.  gNB might not be able to transmit all SSB(s) at expected period time.  The enhancement of LBT mechanism for SSB transmission shall be studied for narrow beamwidth beamformed operation up to 71 GHz


Proposal 6: The enhancement of LBT mechanism for SSB transmission shall be studied for narrow beamwidth beamformed operation up to 71 GHz..

Beam adaptation  during initial access 

In Rel-16, both 4-step and 2-step RACH are supported for unlicensed/licensed spectrum.  During the RACH procedure, the same beam is used corresponding to the received beam from SSB selected by UE before transmit Msg1. When UE transmit Msg1, the UL beam direction is selected according to the beam correspondence with  the SS/PBCH block beam. When UE receive the Msg2, the DM-RS port of PDSCH is quasi co-located with the SS/PBCH block that UE used for RACH association. The same DL/UL beam correspondence mechanism   is reused for operation in unlicensed spectrum because the beamwidth of SSB is not so narrow. If the beam needs to be dynamically adapted during the RACH procedure due to UE moving or LBT failure on the beam, UE can restart the PRACH procedure from Msg1.
For above 52.6GHz, narrow beamwidth beamformed operation would be expected. The beam adaptation of SSB detection and RACH procedure may be dynamically changed the beam correspondence.   Additional enhancement of beam adaptation for initial access needs to be studied.  
Proposal 7: The enhancement of beam adaptation for initial access needs to be studied
Conclusion
In this document, beamformed  based operation  and the potential issues  are discussed for the operation up to 71 GHz and observations and proposals are given as following
Proposal 1:  For NR operation in 52.6 - 71GHz, these three LBT categories can be considered as the starting points for proposal and evaluations.   The setting of LBT parameters for NR operation in unlicensed spectrum should  use those defined in 802.11ad as the reference for the study of the coexistence..
Observation 1: The energy detection algorithm of LBT based on the assumption of omni antenna is not feasible for the beamforming based Tx/Rx operation.   

Proposal 2: The interference mitigation of beamforming based operation needs to be investigated in place of LBT based operation for distributed channel access scheme.

Proposal 3: For perform interference mitigation, following mechanism can be studied
· The procedure of directional LBT, beam width is similar with control/data’s.
· he shake mechanism  (e.g  measurement and report)  , which enable gNB  obtain the interference  situation from RX UE view
Proposal 4: For increasing the channel access opportunities, the scheme of multi-beam ED measurement in a sensing slot can be studied.
Proposal 5: The enhancement of beam adaptation shall be studied to improve scheduling efficiency in distributed and non-coordinated accesses in unlicensed spectrum.  
Proposal 6: The enhancement of LBT mechanism for SSB transmission shall be studied for narrow beamwidth beamformed operation up to 71 GHz. 

Reference
RP-193259, “Study on supporting NR from 52.6 GHz to 71 GHz”, Intel Corporation, RAN #86, December  2019, Sitges, Spain
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