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A total of 26 contributions [1-26] were submitted to Channel Access Agenda Item (7.2.2.4.1) for RAN1#95. This document summarizes the outcome of offline discussion on following topics:
· Beamformed transmissions and directional LBT
· LBT mechanisms facilitating spatial reuse
· Receiver assisted LBT, and
· Frame Based Equipment
Companies view on the respective topics are also listed as reference.
Discussion
1 
2 
2.1 Receiver assisted LBT:
	Huawei, HiSilicon [1]: 
· Observation 2: In order to decide whether to introduce a receiver-assisted LBT mechanism such as RTS/CTS-like in NR-U, a number of technical issues need to be resolved. 
MediaTek [5]:
· The areas in LAA/eLAA that have not been fully addressed or can be further improved include the lack of support for LBT in directional transmission/reception 
ZTE [6]: 
· Proposal 4: For directional LBT manner, some receiver assistance methods (e.g., the receiver perform a directional LBT and send out a short indication signal) should be supported to help mitigation of potential hidden node issue.
Apple [16]: 
· Proposal 3: NR-U to support UE-assisted channel selection 
· Proposal 5: NR-U to support optional receiver-assisted LBT
Intel [7]: 
· Motivated by Rx assisted LBT scenarios, the following and combinations thereof should be supported within a COT: 
· Multiple switching points allowing multiple DL and UL transmissions.
· Multi-user orthogonal downlink transmission using OFDM and single-user uplink transmission 
· Multi-user spatial downlink transmission (MU-MIMO) and single-user uplink transmission. 
Samsung [15]: 
· NR-U can support LBT with handshake mechanism as a fair and efficient channel access scheme, and further investigate the details for handshake exchange procedure and handshake message design.
Nokia, NSB [9]: 
· Proposal 4: The benefits of RTS/CTS-like receiver assisted LBT schemes require further discussion and study.
· Proposal 5: Overbooked UL transmissions and UE reporting of channel sensing results can be considered as ways to increase UL access probability.
AT&T [13]: 
· Proposal 10: The NR-U SI should study Closed-Loop LBT techniques which utilize licensed spectrum signaling and UE sensing feedback for avoiding hidden/exposed node problems and to enable efficient spectrum utilization through multi-user MIMO and multi-cell reuse-1 transmissions 
Sharp [18]: 
· Observation 1: RTS/CTS type mechanism may not be very suitable for a use with multi-user scheduling and/or frequency reuse.
DOCOMO [19]: 
· Proposal 2: NR-U should support on-demand receiver assisted LBT. Detection method of the hidden nodes existence should be further investigated.
· Proposal 3: It is beneficial to support the mechanism to estimate a presence of hidden node(s)  e.g., UE reports the channel occupancy status and corresponding timing information.
Ericsson [22]: 
· Observation 3: Spatial reuse may be severely impacted by the introduction of RTS/CTS-like handshake
· Observation 4: Supporting receiver assisted LBT requires significant changes to NR physical layer and channel design
· Proposal 6: Receiver assisted LBT should only be considered if it is proven that it provides significant system level performance gains

TCL Communication Ltd. [10]:
· Observation 1: Efficient RTS/CTS mechanism requires UE-specific triggering of RTS/CTS handshake.
· Proposal 1: RTS can be send to multiple UEs via a single message for instance in a (group-)common search space on PDCCH.
· Proposal 2: RTS message contains information to allow synchronous UL for transmission of CTS message(s).
· Proposal 3: To reduce RTS overhead, UEs can be configured to periodically send CTS message within a COT.
ASUSTeK [23]
· Proposal 2: NR-U should support receiver-assisted LBT.


Offline agreement:
Endorse the following text proposal:
-----------------
Means to reduce or mitigate the impact of interference e.g. from hidden nodes with UE assistance have been studied. Possible mechanisms include at least:
1. Enhancements to L1 measurement and reporting of interference observed by a UE 
1. Handshaking procedures between transmitter and the receiver

Further consideration is required regarding the detailed solutions and their benefits for mitigation of impact of interference on NR-U when the specifications are to be developed.



2.2   LBT mechanisms facilitating spatial reuse:
	Huawei, HiSilicon [1]: 
· Proposal 12: The following mechanisms for enhancing the spatial reuse should be studied:
· Methods to determine whether interference originates from otherNR nodes, by transmission/detection of:
· NR-U signals
· Zero-power resource elements
· LBT for transmission alignment among coordinated NR nodes 
vivo [2]:
· Proposal 1: The remaining COT of the gNB should be broadcasted to increase the frequency reuse factor within operator. 
TCL Communications [15]:
· UL: gNB to signals the LBT parameters to the UE, common back-off counter value for a group of UEs
MediaTek [5]:
· The areas in LAA/eLAA that have not been fully addressed or can be further improved include the lack of support for intra-RAT tight frequency reuse 
ZTE [6]: 
· [bookmark: OLE_LINK17]Proposal 1: Frequency (Spatial) reuse/multiplexing should be supported in NR-U and some methods can be considered such as blank pattern/reserve resource pattern method.

LGE [2]:
· Proposal #6: Study how to coexist with higher priority service (e.g., ITS) on unlicensed band.
· Proposal #7: Study more efficient coexistence strategies between NR-U networks in an unlicensed band where Wi-Fi or other RATs don’t reside..
AT&T [13]: 
· Proposal 3: A common preamble design should be studied for new bands 7 GHz and below
· Proposal 4: The common preamble may be based on the IEEE 802.11ax preamble or a common new design
· Proposal 5: NR-U should adopt the legacy Wi-Fi preamble and ED/PD mechanism as an option for 5 GHz bands
· Proposal 6: Wi-Fi preamble and ED/PD mechanism should be used adaptively on a slow time scale
· Proposal 7: Mechanisms for improving intra and inter-operator NR-U sharing should be considered 
InterDigital [18]:
· NR should study ways to perform handshaking between NR-U gNB and UEs to enhance coexistence and channel access efficiency. 
· NR-U should study the possibility of channel usage information exchange among competing devices to enhance channel access efficiency.
· NR-U should study the feasibility of presence of a preamble before transmission of any control channel (e.g. PDCCH or PUCCH) that carries channel status/usage information.
· Observation 2: While there are some benefits in using 11a preamble by NR-U devices, there are some potentially disadvantages, from reliability and power saving perspectives, that should be carefully studied.
Sharp [17]: 
· There may not be a clear benefit to introduce Wi-Fi-like preamble.
Ericsson [22]: 
· Observation 3: Spatial reuse may be severely impacted by the introduction of RTS/CTS-like handshake
· Proposal 7: Having a common ED threshold among different technologies is a key aspect for a better coexistence.
· A technology may still use a technology-specific preamble for detection at a threshold lower than the common ED threshold.
Ericsson [26]:
· Observation 1 NR-U networks in the unlicensed band can coexist well with Wi-Fi networks in both indoor and outdoor scenarios without the introduction of an 802.11a preamble.
· Observation 2 Scenario dependent ED parameter adjustments for NR-U is a better way to further optimize performance, if needed, than the introduction of an 802.11a preamble.
· Observation 3 Adopting the 802.11a preamble does not guarantee additional power saving opportunities for NR-U over-and-above those achievable through NR-based signaling. Continuous usage and coordination of additional hardware contributes to additional power consumption on top of normal NR operations.
· Observation 4 Lower spatial reuse among NR-U nodes is expected in all scenarios if 802.11a preamble is used.
· Observation 5 Use of the 802.11a preamble DL burst identification has significant disadvantages including a fundamental incompatibility with C-DRX operation.
· Observation 6 Significant changes to existing NR procedures and signalling are expected if 802.11a preamble is adopted.
· Observation 7 The use of a preamble can cause significant overhead and specification impact for the operation of key features of NR-U such as time and frequency multiplexing of uplink transmissions with a fine granularity and robust coverage.
· Proposal 1 NR-U should not consider adoption of preambles of other technologies.
Qualcomm [21]:
· Proposal 6: NR-unlicensed supports channel usage indicator transmission for more accurate transmission coexistence. The CUI includes NAV information and identifies the CUI is for transmission or reception.
· Proposal 7: If CUI detection is supported for asynchronous deployment, use wake-up signal as a preamble to assist the CUI detection.
· Proposal 8: In defining channel access procedures in NR-U, we propose that interference alignment be utilized along with interference avoidance.



Offline agreement:
Endorse the following text proposal:
---------------
Means to facilitate spatial reuse, or frequency reuse 1 operation of NR-U have been studied. Possible mechanisms include at least:
1. alignment of starting points for transmission (and consequently time instances for at least the last CCA)
1. exchange and coordination of LBT related parameters amongst different NR-U gNBs or UEs
1. means to determine whether interference originates from other NR-U nodes
1. Enhancements to L1 measurement and reporting of interference observed by a UE
1. adjustment of energy/signal detection thresholds

Further consideration is required regarding the detailed solutions and their benefits for facilitating spatial reuse in NR-U when the specifications are to be developed, taking into account regulations.
------------------------------------------------------------------------------------------------------------------------
2.3     Beamformed transmissions and directional LBT:
	Huawei, HiSilicon [1]: 
· Observation 1: More evaluations are needed for quasi-omnidirectional and directional for sub7GHz.. 

ZTE [6]: 
· Directional LBT mechanism should be studied to improve the probability of successful channel access and the accuracy of CCA detection, e.g., enhanced calculation method of observed interference in the beam range, CCA detection threshold for directional transmission.
· Channel condition difference for different beams should be considered when designing the channel access mechanism for MCOT sharing between DL and UL in NR unlicensed spectrum.
Sony [11]: 
· Study directional LBT and measurement mechanism to alleviate hidden node problem especially on the higher frequency bands.
CATT [6]: 
· Observation 1: Directional LBT will provide an additional dimension of channel access opportunities than that of omnidirectional LBT.
· Observation 2: With directional LBT, hidden nodes issue can be aggravated.
· Observation 3: Directional LBT with RTS/CTS type handshaking can mitigate the hidden node issue. However, the gNB cannot determine the channel occupancy time of hidden nodes, which should be studied further.
· Observation 4: Directional LBT should be studied further in case that the Tx/Rx  beam correspondence is not ensured.
· Proposal 1: The coexistence performance of NR-U with directional LBT and other systems with omnidirectional LBT should be carefully evaluated. 
Samsung [15]: 
· Proposal 4: Support directional LBT at least for NR-U/NR-U coexistence, and further evaluate the directional LBT performance and corresponding hidden/exposed node effects 
· Proposal 14: Support directional LBT for FBE-based NR-U, which is beneficial in improving spatial reuse.
OPPO [13]:
· Proposal 9: Study directional LBT for SSB transmission. 
· Proposal 10: Study directional LBT for data transmission. 
AT&T [13]: 
· Proposal 8: Beam based channel access should be studied for improving channel reuse 
Sharp [17]: 
· Proposal 3: Directional LBT should be studied. 

Convida Wireless [25]:
· Observation 1: Self-interference among collocated TRPs/panels can negatively affect the deployed channel access procedure.
· 
· Proposal 1: NR-U should study directional LBT procedures specially in above 6 GHz frequency band.
· Proposal 2: NR-U should study different procedures to effectively align LBT procedures prior transmission across different beams. Similar framework to conduct LBT in LTE-LAA for multiple carriers can be the baseline to conduct LBT across multiple beams.
· Proposal 3: NR-U should study effective ways to maintain the advantage of flexible frame structure, i.e., allowing different start/end points for different beams, while reducing transmission interruption on other active beams.
· Proposal 4: NR-U should study procedures to conduct directional LBT procedures when signal or data (for example, SSB) is consecutively transmitted on different beams with no or limited time gap to conduct LBT. 
Nokia, NSB [9]:
· Observation 2: single-beam (omni-directional SSB) operation is more efficient for NR-U below 7 GHz 
· Proposal 7: Directional LBT is not supported for NR-U in sub-7 GHz
NTT DOCOMO [23]:
· Proposal 1: Beam switching within a COT is allowed in NR-U operation. RAN1 down-selects from following channel access procedures for beam switching within a COT in WI phase.
· (Alt. 1) Omni-directional LBT with random back off is performed at a beginning of the COT and one-shot omni-directional LBT is performed at a beam switching gap in the COT.
· (Alt. 2) Directional LBT with random back off toward following transmission direction is performed at a beginning of the COT and one-shot directional LBT is performed at a beam switching gap in the COT.
· (Alt. 3) Omni-directional LBT with random back off is performed at a beginning of the COT and no LBT is performed at a gap shorter than 16 us in the COT even when beam is to be switched after the gap.

ASUSTeK
· Proposal 1: NR-U should study directional LBT.



Offline agreement:

Endorse the following text proposal:
------------------------
Channel access mechanisms for beamformed transmissions have been studied. It has been identified that omni-directional LBT should be supported. 

Using directional LBT for beamformed transmissions, i.e. LBT performed in the direction of the transmitted beam has also been studied.
Further consideration is required regarding directional LBT and its benefits for beamformed transmissions when the specifications are to be developed, taking into account regulations and fair co-existence with other technologies.
------------------------




2.4.   Frame Based Equipment
	Huawei, HiSilicon [1]: 
· Observation 3: Even in the absence of coexisting LBE devices, a number of technical issues need to be resolved in order to decide whether to introduce an FBE-based channel access in NR-U. 
ZTE [6]: 
· Proposal 2: Multiple CCAs methods can be considered for FBE to solve unfairness problem caused by NR-U node timing difference and increase the opportunity of NR-U nodes access channel.
CATT [18]: 
· Proposal 5: An enhanced FBE scheme should be utilized to avoid collision of CCA among operators.
Samsung [15]: 
· Proposal 14: Support directional LBT for FBE-based NR-U, which is beneficial in improving spatial reuse.
Qualcomm [21]:
· Proposal 11: Special design can be considered for NR cell with DL in unlicensed band and UL in licensed band
· Proposal 12. One-shot LBT defined for FBE based channel access mechanism. 
· Observation 1. For FBE based channel access, no coexistence study with WiFi needed.
· Proposal 13: Contention slots are introduced for FBE channel access mechanism with cross operator contention coordination specified.



Discuss in the online session
-------------------
For FBE:
· gNB acquires COT with Cat2 immediately prior to the fixed frame period
· within the gNB acquired Cot, if the switching gap is <= 16 us, Cat 1 can be used
· within the gNB acquired Cot, if the switching gap is > 16 us, Cat 2 can be used
---------
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