
3GPP TSG RAN WG1 #103-e		                                               R1-2007848
[bookmark: _GoBack]e-Meeting, October 26th – November 13th, 2020

Source:	CATT
Title:	Channel Access Mechanism in support
Agenda Item:	8.2.2
Document for:	Discussion and Decision

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#102e, the potential area of channel access mechanism for NR operations in 52.6-71 GHz were agreed  as follows, 

Conclusion:
The OCB requirement of draft version v2.1.20 of EN 302 567 implies that 
· Device supports one or multiple declared nominal channel bandwidths. 
· For each declared nominal channel bandwidth, RAN1 design should support at least one physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth. 
· FFS: Mapping of nominal channel bandwidth to bandwidth definitions in NR.
Conclusion:
The RAN1 understanding of the CCA check procedure in draft v2.1.20 of EN 302 567 is as follows:
· When performing CCA before initiating transmission, during count down, when an observation slot fails ED, the counter freezes, and will continue count down 8us after the interference is detected to be gone
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)
Agreement:
Use the LBT procedures in draft v2.1.20 of EN 302 567 as the baseline system evaluation with LBT
· Enhancements to ED threshold, contention window sizes etc. can be considered as part of the evaluations.

In this document, channel access mechanism above 52.6GHz and up to 71GHz is discussed with the focus on the beam-forming based LBT scheme. 
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 correspondence 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.    
The principle/ procedure of determining  with LBT or without  LBT for initiating  a channel occupancy 

60 GHz Wi-Fi such as IEEE 802.11ad adopts both LBT mode and Non-LBT mode, which   can be considered for  the NR system  operation in 60GHz unlicensed band. NR channel access with non-LBT mode in unlicensed band is feasible in low system load  to avoid issues of “over-protection” and the waste of radio resources.  In high traffic loading condition, NR channel access with LBT mode is a interference mitigation scheme to prevent the uncoordinated transmission and   generate co-channel interference to neighboring users/nodes.  . 
It was agreed in RAN1#102-e that both channel access with LBT mechanism(s) and channel access without LBT mechanism(s) are supported.  The details are further studied. 
LBT is mandatory for gNB/UE channel access in compliance with local regulations when NR operates in unlicensed spectrum in some regions.  Channel access with LBT is the only mechanism to operate in these regions.    However, the interference avoidance by LBT mechanism is not effective when Tx beamforming is used since the beam direction for UE in transmission and UE performing LBT in reception might not be the same.    Non-LBT is allowed by regulations in other regions, gNB can configure Tx node to initiate a channel occupancy directly without performing LBT procedure.
Proposal 1: When the local regulation does not mandate LBT for operation in unlicensed spectrum, gNB /UE can initiate channel access directly without LBT.

As described in [2]，when the Non-LBT is configured by all Tx Nodes, the interference from other nodes will become extremely severe.   This  will cause throughput degradation  and excessive delay  Measurement scheme in obtaining channel occupancy statistic  can be considered., as the triggering mechanism in determining whether channel access with LBT or non-LBT would be used.   The measurement scheme is to perform multiple periodic RSSI (Received Signal Strength Indicator) or CCA (Clear Channel Assessment) measurements on the channel within measurement window  shown in Figure 1. The measurement results would compare to the reference matrix and formulate the decision for the transmitter whether to perform channel access with LBT or Non-LBT 


Figure1：A measurement method in obtaining channel occupancy conditions

Proposal 2: To obtain channel occupancy condition in determining the channel access mode with LBT or non-LBT, a periodic and long term RSSI or CCA measurements procedure can be introduced. 

Generally, a threshold for determining the channel access mode including LBT or Non-LBT could be configured to the Tx node. By performing the periodic RSSI/CCA measurements for a period of time, the Tx node can get the result of measurements to determine the channel access mode by comparing the relationship between the result of measurement R and configured threshold R_threshold as shown in Figure 2. If the result of measurement is lower than the configured threshold, which means no severe interference surrounding the gNB, then the gNB will initiate the channel access with Non-LBT. If the results of measurement is higher than the configured threshold, which means interference existing surrounding the gNB, then the gNB will trigger the channel access with LBT.


Figure 2: Channel access switching between LBT and No-LBT

Proposal 3:  The transmitter shall determine the channel access mode with LBT or non-LBT based on decision matrix derived from comparing the measurements results and the configured threshold.

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 avoidance. 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 4:  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 2.

The hidden node issue of beamformed transmission in unlicensed band is shown as case A in Figure 2.  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 3.   The LBT procedure of gNB1 will be challenged due to the energy detection of the co-channel interference would not have precised 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 3: 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 5: 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 2, 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 6:  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,


Figure. 4: Scenario for LBT on multi-beam

As shown Figure 4, A (left figure) show that there are four UEs locating at different place, gNB need 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, the gNB can obtain the idle channel (e.g. beam 2) efficiency.
 
Proposal 7: For increasing the channel access opportunities, the scheme of multi-beam ED measurement in a sensing slot can be studied. 

To improve the probability of channel access and spatial reuse, directional LBT could be introduced for operation in 60GHz unlicensed band. 
The transmitter will perform energy detection through the beam direction of scheduled transmission before its transmission on the unlicensed band.  When gNB1 expects to transmit PDCCH and PDSCH on beam 1-1 as shown in Figure 4, the gNB  will perform directional LBT on the beam direction of the scheduled transmission to UE1 before channel access. However, UE1 is interfered by the transmission of gNB2 because UE1 is in the coverage of beam direction of beam 2-1 from gNB2 transmission to UE2.  , gNB1 cannot detect the any energy of beam 2-1 transmissoin from gNB2 during directional LBT.    This is a typical example of hidden node issue with directional LBT.



Figure 4: Directional LBT and hidden node issue


Figure 5: Multi-DCI transmission in different beam direction for a PDSCH scheduling

In order to alleviate the hidden node problem in directional LBT, gNB1 can transmit PDCCH in multiple  beam directions through multiple CORESTs with each CORESET has its own TCI state as in Figure 5.    The directional LBT would also perform energy detection of signals from multiple directions.    As  an example shown in Figure 5, when gNB1 is scheduled to transmit PDCCH and PDSCH on beam 1-2 and gNB2 is transmitting on beam 2-1, gNB1 will perform directional LBT on Beam 1-1, Beam 1-2 and Beam 1-3 to obtain the COT (Channel Occupancy Time). If gNB1 detect channel a busy state in any of the beam, it won’t transmit PDCCH and PDSCH. When gNB1 is transmitting PDCCH and PDSCH and gNB2 expect to transmit on Beam 2-1, gNB2 will perform directional LBT on Beam 2-1. If gNB2 detect channel in a busy state, it won’t transmit information to UE2. 
Proposal 8:  In order to alleviate the hidden node problem in directional LBT, a method of DCI transmission to multiple beam direction  could be considered.


Operation restrictions for channel access without LBT

In RAN1#102e meeting, it was agreed that gNB/UE can directly initiate a channel occupancy if NO-LBT is configured, that means that gNB/UE can transmit channel/signals and no LBT operation is needed, in which the conditions is FFS. In this situation, it is believed that some operations restrictions are benefit for interference reducing, especially for inter-operators or inter-RATs are deployed in same location. Some schemes are discussed as following.
· APTC  (adjust transmission power control)
Tx node can adjust transmission power according to a range of information including path loss and link margin. In NR-15, gNB has already support APTC function for uplink transmission. gNB can send TPC command to adjust PUCCH/PUSCH/SRS power to reduce interference between UEs. For downlink transmission, the semi-static parameter such as EPRE（Energy per resource element）are configured by high layer signaling, and UE can determining downlink signal/channel power for receiving. If gNB wants to adjust the downlink transmission power, it can perform it according to PHR reported by UE because it is assume that TDD mode is used in unlicensed spectrum and channel reciprocity can be used.

Observation 2:  APTC function for uplink and downlink transmission can be supported base on R15 power control/allocation frame work.

· Long term sensing
There is not  clearly definition for long term sensing, it regard as a long and periodic measurement operation, similar as RLM and RSSI measurement in R15, gNB/UE assesses the result of measurement from multi-samples, and it can help gNB to decide whether is LBT operation is needed or not for a special signal/channel transmission, which is discussed in section 2.1


Potential issues for  beamformed operation for up to 71 GHz 

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

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
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.   

Observation 2:  APTC function for uplink and downlink transmission can be supported base on R15 power control/allocation frame work.

Proposal 1: Only when the local regulation makes it clear that LBT is not mandatory, gNB /UE can initiate channel occupancy directly without LBT.
Proposal 2: To obtain channel occupancy condition which help Tx node to configure channel access mode , a periodic and long term RSSI or CCA measurements procedure can be introduced. 
Proposal 3: When initialing the channel occupancy, gNB shall determine the channel access mode according to the relationship between the result of measurements and configured threshold.

Proposal 4:  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.

Proposal 5: The interference mitigation of beamforming based operation needs to be investigated in place of LBT based operation for distributed channel access scheme.

Proposal 6:  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.   
Proposal 7: For increasing the channel access opportunities, the scheme of multi-beam ED measurement in a sensing slot can be studied. 

Proposal 8:  In order to alleviate the hidden node problem in directional LBT, a method of Multi-DCI transmission in different beam direction for a PDSCH scheduling should be considered.

Proposal 9: 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
R1-2006798,” Channel access mechanism for NR in 52.6 to 71GHz band”, Qualcomm Incorporated, 
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