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1 Introduction
In this contribution, we present the discussion on No-LBT, directional LBT and COT definition, receiver assisted LBT, contention exempt transmission for NR operating on 52.6-71GHz. Last R1#106 meeting agreements can see in appendix. 
2 Discussion
2.1 No-LBT

It was agreed in R1#105 meeting that for regions where LBT is not mandated, gNB should indicate to the UE this gNB-UE connection is operating in LBT mode or no-LBT mode. And both cell specific (common for all UEs in a cell as part of system information or dedicated RRC signalling or both) and UE specific (can be different for different UEs in a cell as part of UE-specific RRC configuration) gNB indication are supported. Thus, there may be the case when one gNB/UE is operating in no-LBT mode while another gNB/UE nearby is operating LBT mode.
If No-LBT is applied, a Tx node can access channels whenever it has data to transmit, which would in some cases, when the Tx node have a lot of data in buffer, cause the Tx node to occupy the channel continuous in a long time even  MCOT is applied for No-LBT. And this may impact other nodes occupy channels fairly especially when other nodes use LBT channel access mechanism. Possible solutions can be inserting gaps between two contiguous COTs or defining idle periods like in FBE mode to prevent such long time continuous channel occupying.

Proposal 1: How to prevent long time continuous channel occupying for Tx using No-LBT should be further studied.
2.2 Directional LBT

Omni-directional LBT allows the Tx to evaluate interference from all directions under the cell’s coverage, rather than a certain narrow direction, thus is more suitable for broadcasted channels and groupcasted channels with no certain direction requirement, such as SSB, PDCCH for common search space, PDSCH for cell/group common information (that is PDSCH scheduled with DCI scrambled by SI-RNTI/RA-RNTI/P-RNTI). While as to unicast channels, since it is for single UE, directional LBT is more suitable, which has the benefit of higher channel occupancy opportunity.  
Another scenario suitable to use directional LBT is in receiver assisted LBT channel access procedure. Receiver needs to check its receiving channel before formal data receiving from gNB, so the receiver side only needs to evaluate the interference on the direction from gNB to itself. 
In order to support the directional LBT, one issue is how to define COT. Is it per node or per beam? our thinking is if directional LBT is applied, it can only sense the interference within a certain direction, and the node can only occupy the channel in the target direction instead of omni-direction if CCA success. So the COT should be per sensing beam based. If a sensing beam can “cover” several transmission beams, the transmission beams will share the same COT. And if gNB can have multiple sensing beams working simultaneously, then gNB will have multiple parallel COTs overlapping or partially overlapping in time domain.
Proposal 2: COT should be per sensing beam based. If a sensing beam can “cover” several transmission beams, the transmission beams will share the same COT.
As to how to define the relative relationship between all applicable sensing beams and the transmission beam(s), at least sensing beam “covers” the transmission beam(s), extensive discussions have done in last meeting and we prefer Alt 1, since it can support sensing with a beam without corresponding RS sent compared to Alt 2, and less specification effort is expected.
Proposal 3: Both Omni-directional LBT and directional LBT should be supported.
Proposal 4: Support Alt 1 is to define the relationship between sensing beam(s) and the transmission beam(s).
2.3 Receiver assisted channel access
With receiver assisted LBT, when Tx wants to start transmission, besides the LBT outcome at Tx side, it has to consider the interference of RX side as well. So the whole process become more complex compared to pure Tx LBT mechanism. But receiver assisted LBT can be a good mechanism exploited in scenarios especially when the interference of the Rx side is very different from the Tx side. Considering its complexity, receiver assisted LBT can be complementary mechanism to pure Tx LBT. Some conditions can be studied about whether to enable/disable receiver assisted LBT, for example, ACK/NACK ratio and interference level at Rx side can be used by gNB to judge whether to enable/disable receiver assisted LBT.
Proposal 5: Conditions about whether to enable/disable receiver assisted LBT can be studied. 
How to do receiver assisted channel access is discussed in last meeting and 4 schemes are proposed to be down selected. Scheme 2/3 are receiver assisted LBT embedded within each process of data burst transmission/receiving. That is, every time a Tx wants to start transmission, it has to trigger the receiver to do LBT, and only after a successful receiver LBT, the Tx can start data transmission. This whole transmission/receiving flow is somehow complex and resource/time consuming, and needs special spec design to implement in NR-U system. 

Proposal 6: No support of Scheme 2/3 as receiver assisted channel access for their complexing process increasing transmission delay.
Scheme 1/4 are receiver assisted LBT process that can be decoupled from each data burst transmission/receiving flow, thus won’t increase transmission dealy. In Scheme 1, L1-RSSI is triggered aperiodically by DCI and reported in AP CSI. Lots of specification effort will be expected for exact content to be reported, reporting timeline, beam related reporting. And even how to trigger in DCI and report in AP-CSI will need massive discussion. Scheme 4 is to reuse the legacy L3-RSSI procedure, and if directional receiver assisted LBT is to be introduced within the tight time budget, beam related L3-RSSI measurement can be further studied. But from our view, the current L3-RSSI procedure can already work, i.e. receiver will do an omni-directional channel assessment as receiver assisted LBT and won’t distinguish on beams. 
Proposal 7: Support Scheme 4 as receiver assisted channel access, since Scheme 4 has little specification impact and has a concise process. 
2.4 Multi-beam transmission
In R15/16 spec, most transmission are configured or indicated for only one Tx beam, which is reasonable since in lower frequency range transmitter can only have few beams restricted by the size of antenna array, and different beams can be quite different in spatial coverage. While in higher frequency range, transmitter may have more beams with more fined spatial granularity and different beams can be similar in spatial coverage. So for transmissions, especially on semi-static configured channels, multiple beams can be used to take advantage of spatial diversity. On the other hand, if the transmission is on unlicensed band, multiple beams can also be used to increase the possibility of successful channel occupation.

Proposal 8: Multi-beam transmission for semi-static configured channels, such as CG-PUSCH should be studied to fully take advantage of spatial diversity.

2.5 Contention Exempt Transmission 
In last meeting, it was agreed that Contention Exempt Short Control Signaling rules apply to the transmission of msg1 for the 4 step RACH and MsgA for the 2-step RACH for all supported SCS. But not decided whether the 10% over any 100ms interval restriction is applied to all available msg1/msgA resources configured (Alt 1) or applied to actually transmitted msg1/msgA from a single UE’s perspective (Alt 2). From our understanding, both Alt 1 and Alt 2 can conform to EN 302 567requirement, but Alt 1 give more control to gNB and Alt 2 relies totally on UE. In generally we can agree on both alternative but prefer Alt 1.
Proposal 9: Support Alt 1, that is 10% over any 100ms interval restriction is applied to all available msg1/msgA resources configured.
2.6 ED Threshold computation FFS Items
For ED Threshold computation, the following agreement was achieved in previous meetings: 

Agreement:
The baseline ED threshold can be computed as
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 Where Pout is RF output power (EIRP) and Pmax is the RF output power limit, Pout≤Pmax.

· FFS: Further adjustment on ED threshold based on the sensing beam and the transmission beam (further adjustment should not violate EDT requirements as per regulations)

· FFS: If Pout is max output EIRP of the device or instantaneous output EIRP

· FFS definition of Operating Channel BW

· FFS: Whether ED threshold for NR-U and NR-U coexistence scenarios (eg, at regulation level) can be appropriately relaxed compared with the threshold of coexistence between NR-U and Wi-Fi.
· FFS: EDT when the COT has time varying transmission beams and varying EIRP
In RAN1 #106-e meeting, the following issue is discussed:
On further adjustment on ED threshold based on the sensing beam and the transmission beam (further adjustment should not violate EDT requirements as per regulations), please provide your view for the following

· Alt A: Support additional adjustment to Energy Detection computation/threshold to include transmit beamforming and/or sensing beam 
· Alt B: No additional adjustment to Energy Detection computation introduced (Energy measurement directly compared with baseline EDT agreed no matter which transmit beamform(s) and sensing beam(s) are used

For the further adjustment on ED threshold based on the sensing and transmission beam, Alt A is preferred from our point of view. The beamforming gain should be considered to ensure the fairness co-existence. And we believe the value of the adjustment to ED threshold based on the sensing beam and the transmission beam should be zero if same beam is used for transmission or reception. 
Proposal 10: Support further adjustment on ED threshold based on the sensing and transmission beam.
3 Conclusions

In this contribution, we have some analysis on No-LBT, directional LBT, receiver assisted LBT and multi-beam transmission for NR operating on 52.6-71GHz.  
Proposal 1: How to prevent long time continuous channel occupying for Tx using No-LBT should be further studied.
Proposal 2: COT should be per sensing beam based. If a sensing beam can “cover” several transmission beams, the transmission beams will share the same COT.
Proposal 3: Both Omni-directional LBT and directional LBT should be supported.
Proposal 4: Support Alt 1 is to define the relationship between sensing beam(s) and the transmission beam(s).
Proposal 5: Conditions about whether to enable/disable receiver assisted LBT can be studied. 
Proposal 6: No support of Scheme 2/3 as receiver assisted channel access for their complexing process increasing transmission delay.
Proposal 7: Support Scheme 4 as receiver assisted channel access, since Scheme 4 has little specification impact and has a concise process.
Proposal 8: Multi-beam transmission for semi-static configured channels, such as CG-PUSCH should be studied to fully take advantage of spatial diversity.

Proposal 9: Support Alt 1, that is 10% over any 100ms interval restriction is applied to all available msg1/msgA resources configured.

Proposal 10: Support further adjustment on ED threshold based on the sensing and transmission beam.
4 Appendix
In RAN1 #106-e meeting, agreements were made as follows: [1] 

Agreement:
For energy measurement in 8us deferral period, at least a single measurement within 8us is performed, and the measurement duration is selected from one of the following alternatives:

· Alt 1: At least 3+X us (FFS X, such as X=1).

· Alt 2: At least X us, where X is the same as the minimum measurement duration in a 5 us observation slot and is within the 5 us observation slot.

· Alt 3: At least a contiguous duration of X+Y us where the Y us part of the measurement is done at the end of the first 3 us and X is the same as the minimum measurement duration in a 5 us observation slot and is at the beginning of the 5 us duration.

Conclusion:

There is no consensus in RAN1 to support the functionality of accessing a carrier if there is interference in part of the carrier in frequency. 

Agreement:
On COT sharing from an initiating device transmission to responding device transmission, support both of the following two alternatives

· Alt 1: No maximum gap defined between the initiating device transmission and responding device transmission. A responding device transmission can occur without LBT with any gap within the maximum COT duration

· Alt 3: Define a maximum gap Y, such that a responding device transmission can occur without LBT only if the transmission starts within Y from the end of the initiating device transmission. If the responding device transmission starts after Y from the end of the initiating device transmission, a Cat 2 LBT is needed before the responding device transmission.
· The Cat 2 LBT uses the same sensing structure as the 8 us initial deferral period as in eCCA

· Further down-select between the following options:

· Option 1: Y=8 us (motivated by need to operate in all regions)
· Option 2: Y=a multiple number of OFDM symbols
· Option 3: gNB determines Y (for example, according to local regulation)
· Cat. 2 LBT is a UE capability

· The usage of the two alternatives is a gNB choice and depends at least on local regulations.

Note: Alt. 3 is motivated by the regulations in Japan, but use of Cat. 3 LBT is also an option for operation in Japan and Cat. 2 LBT is not restricted for use only in Japan. 
Note: Maximum gap allowed without Cat 2 LBT between two initiating device transmissions is to be separately discussed

Note: Other use cases of Cat 2 LBT will be separately discussed

Agreement:
· For LBT for single carrier transmission, gNB/UE performs LBT over the channel bandwidth (or BWP bandwidth) (Alt SC.1. in earlier agreements)

· For LBT for multi-carrier transmission in intra-band CA, gNB/UE performs multiple LBT, one for each channel bandwidth separately (Alt CA.1. in earlier agreements)

· FFS: Additional support of performing single LBT over all CCs (Alt CA.2. in earlier agreements)

Agreement:
For energy measurement in 8us deferral period, Alt 2 is supported while Alt 1 and Alt 3 can be considered as gNB/UE implementation (Alt. 1/2/3 are defined as per previous agreement)

Agreement:
3GPP specification consider defining at least the relative relationship between all applicable sensing beam(s) and the transmission beam(s) to define sensing beam for LBT, where at least sensing beam(s) “covers” the transmission beam(s), considering following alternatives. Target down-selection by RAN1 #106bis-e

· Alt 1: Specify necessary requirement/test procedure to guarantee sensing beam “covers” the transmission beam

· Some methods to define “cover” have been discussed in RAN1 (may further down select the list) and are considered as acceptable from RAN1 perspective

· Alt-1A   : the angle included in the [3] dB beamwidth of the transmission beam is included in the [X, FFS] dB beamwidth of the sensing beam.
· Alt-1B:  the sensing beam gain measured along the direction of peak transmission direction is at least X [FFS] dB of the transmission beam gain

· Alt-1C:  The sensing beam gain is measured in one or more directions where the transmission beam EIRP is within A [FFS] dB of the peak EIRP.  The sensing beam gain measured along the chosen directions is at least X [FFS] dB of the transmission beam gain in those directions.

· Alt-1D: The sensing beam gain is measured in one or more directions where the transmission beam EIRP is within A [FFS] dB of the peak EIRP and the sensing beam gain measured along the chosen directions is at least X [FFS] dB of the peak sensing beam gain 

· Alt-1E: Sensing beam has the minimum [3] dB beamwidth which at least contains all beam peak directions of transmission beams. 
· Sending LS to RAN4 and inform them the above and request them to make the final choice

· RAN4 choice may not be limited by the list above, but if different method is selected, RAN1 would like to have an opportunity to check as well

· Alt 2. Extending the beam correspondence framework and QCL/TCI/SpatialRelationInfo framework to define “cover” and to indicate sensing beam(s) associated with a transmission beam(s)
· On gNB side sensing beam selection for a DL transmission beam, 

· Option 1: The selection of eligible sensing beam for a transmission beam is left for gNB implementation

· No testing or enforcement introduced in 3GPP spec for this option 

· Option 2: Beam correspondence at gNB side is assumed. Supporting one or more of the following behaviors

· A1. For a gNB transmission beam corresponding to TCI state A for a certain UE, the gNB can use the same beam for sensing 

· A2. If TCI B is used as QCL source (Type D) for TCI A for a certain UE, then gNB transmission beam corresponding to TCI B can be used as the sensing beam for transmission with TCI A. 

· A3. If TCI C is NOT used as QCL source (Type D) for TCI A for any UE, then gNB cannot use the transmission beam corresponds to TCI C as the sensing beam for transmission with TCI A.  

· FFS: How and if to support sensing with a beam without corresponding RS sent? For example, how to use quasi-Omni beam for sensing if there is no SSB transmitted with quasi-omni beam

· On UE side sensing beam selection for a UL transmission beam

· Beam correspondence is assumed at UE
· FFS: What if beam correspondence is not supported at UE.
· Supporting one or more of the following behaviors
· If the UE is indicated to transmit with a beam corresponding to a certain SRI, the UE can use the same beam for sensing

· Assuming Rel.17 unified TCI framework, if the UE is indicated to transmit with a beam corresponding to a certain unified TCI, the UE can use the reception beam corresponding to the TCI for sensing

· FFS: How and if to support a wider sensing beam (such as pseudo-omni beam, which is supported in WiFi) to be used for a narrower transmission beam under QCL/TCI framework

· Option 0: Not supported

· Option 1: UE implementation. 

· No testing or enforcement introduced in 3GPP spec for this option 

· Option 2: gNB indication. 

· FFS details.

· FFS: How and if to support a multiple sensing beams to be used for a transmission beam under QCL/TCI framework

· Note: Supporting both alternatives or a combination of the two alternatives is not precluded

Agreement:
For receiver to provide assistance in channel access, channel sensing and reporting need to be performed. The following schemes can be further considered. Target down-selection by RAN1 #106bis-e
· Scheme 1: L1-RSSI based receiver assistance

· Resource used for RSSI measurement

· Alt 1: RSSI measurement is based on the time/frequency resources configured for ZP-CSI-RS

· FFS: any enhancement needed for ZP-CSI-RS for this purpose (eg., ZP-CSI-RS over all REs in BWP over one or more symbols).

· Alt 2: Energy measurement on operating BW over indicated or specified number of symbols or time interval

· L1-RSSI is reported in an AP-CSI report

· L1-RSSI trigger in UL grant

· FFS if L1-RSSI trigger can also be carried in DL grant

· Timeline for L1-RSSI reporting is at least equal to AP-CSI reporting and RAN1 strives to tighten the timeline

· Note: If L1-RSSI reporting timeline cannot be tighter than AP-CSI reporting timeline, this scheme is not needed

· FFS: How to indicate the measurement beam for L1-RSSI

· FFS: What is included in the L1-RSSI report, such as the value of RSSI measurement, comparison outcome with Energy Detection threshold, etc

· Scheme 2: CCA or eCCA based receiver assistance with existing phy channel/signals

· Scheme 2-1: gNB schedules/triggers UL PUCCH/SRS transmission with the DL assignment DCI and indicates CCA or eCCA in the DCI. UE performs CCA or eCCA for the scheduled/triggered UL transmission and if LBT passes, transmits the Receiver-assistance information (implicitly or explicitly) in the PUCCH (or SRS in the case of 1-bit Rx-assistance) to indicate the LBT outcome. gNB detects the scheduled UL transmission to tell if UE passes the CCA or eCCA. After detecting the Receiver-assistance information, the downlink data transmission happens.

· FFS if the downlink data transmission can be granted with the same DL DCI that schedules/triggers the first UL PUCCH/SRS transmission, in which case, the CCA or eCCA is performed for at least the first UL PUCCH/SRS transmission

· Scheme 2-2: gNB schedules/triggers UL transmission PUSCH with the UL assignment DCI and indicates CCA or eCCA in the DCI. UE performs CCA or eCCA for the scheduled/triggered UL transmission and if LBT passes, transmits the Receiver-assistance information (implicitly or explicitly) in the PUSCH to indicate the LBT outcome. gNB detects the scheduled UL transmission to tell if UE passes the CCA or eCCA. After detecting the Receiver-assistance information, the downlink data transmission happens.

· Scheme 3: CCA or eCCA based receiver assistance with new RTS/CTS type transmission

· New RTS/CTS-like signaling introduced. 

· gNB sends RTS-like signaling to UE. UE performs CCA or eCCA and if LBT passes, transmits CTS-like signaling to explicitly indicate the LBT outcome. gNB detects the CTS-like signaling to identify if the UE passed CCA or eCCA. After detecting the CTS-like signal, the data transmission happens

· Scheme 4: Legacy L3-RSSI with potential enhancements

· FFS potential enhancements, e.g., supporting gNB indicating the beam used for UE RSSI measurement, supporting gNB indicating new reference SCS and measurement bandwidths

· Note: The schemes listed above are not mutually exclusive and should be discussed separately.
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