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1. Introduction
Based on the revised WID approved at the RAN#90-e meeting [1], RAN1 discussed and endorsed some agreements on channel access mechanisms for supporting NR from 52.6 GHz to 71 GHz at RAN1#104bis-e. In this contribution, we describe our views on channel access mechanism for supporting NR from 52.6 GHz to 71 GHz, including: 
· LBT Bandwidth
· LBT with fixed sensing duration
· Definition of relationship between sensing beam(s) and transmission beam(s)
· Rx-assistance
· Short Control Signalling

2. Discussion
2.1. LBT Bandwidth
Regarding the bandwidth used for eCCA in the LBT mechanism, RAN1 made the following agreement at the last RAN1 meeting [4]. 
	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)



In the agreement above, for single carrier transmission, channel bandwidth (or BWP bandwidth) was agreed as LBT bandwidth in 52.6 – 71 GHz. Also, for multi-carrier transmission in intra-band CA, separate LBT for each channel bandwidth or BWP was agreed. With that, LBT bandwidth for any transmission has been defined in our understanding. 

One remaining issue is whether to support performing single LBT over all CCs in case of multi-carrier transmission in intra-band CA. We are open to discuss further about it, while we do not see it an essential functionality now. Given that the remaining discussion time for Rel-17 is quite limited, we prefer to deprioritize this discussion compared to other essential topics. 

Proposal 1:
Deprioritize the discussion on whether to support performing single LBT over all CCs in case of multi-carrier transmission in intra-CA


2.2. LBT with fixed sensing duration
An introduction of Cat-2 LBT (i.e., LBT without random back-off) was agreed at the last RAN1 e-meeting as follows:

	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



It still has an FFS point regarding the detail of Cat-2 LBT, where three options are considered now. Since BRAN already defines Cat-3 LBT (LBT with random back-off), it should be considered as a baseline for defining details of Cat-2 LBT. In the existing LBT in BRAN, channel measurement is performed during (8+5*N) us, where N is chosen randomly from (0 to Max number). Thus, one of the simplest ways to support cat-2 LBT is to reuse the same sensing structure as defined in BRAN, that is, having 8 us sensing slot only, which is equivalent to the existing scheme with N=0. 

Proposal 2: For the down-selection on Y value on Cat-2 LBT, support Option 1

It was also noted in the agreement that other use cases of Cat-2 LBT will be separately discussed. From our perspective, use of Cat-2 LBT is beneficial for initiating some specific transmissions, for which no LBT is allowed in a certain region while LBT is mandatory in other regions. For example, as per BRAN regulation, short control signalling rule will be applied to a certain signal/channel (e.g., SSB and msg1/MsgA). However, in other regions, LBT is always mandatory even before transmitting such signal/channel. Use of cat-2, not cat-3, should be considered for such transmissions to prioritize its channel access over other transmissions even in the region where LBT is mandatory as well as in other region where short control signalling is defined. 

Proposal 3: Use of Cat-2 LBT should be considered for the transmission of a certain signal/channel, for which LBT is not needed in a region (e.g., BRAN with short control signalling), while LBT is always needed in another region (e.g., Japan). 
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2.3. Definition of relationship between sensing beam(s) and transmission beam(s)
Below is the agreement at the last e-meeting which has tried to capture the alternatives to be down-selected for the definition of relationship between sensing beam(s) and transmission beam(s):

	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



For the down-selection, we think some points would need to be considered together. One is the support of beam correspondence. Some companies argued that beam correspondence is not a mandatory UE feature, and thus some UEs do not ensure or test the characteristics of sensing beam if it is defined based on beam correspondence. However, as shown in TS 38.306, beam correspondence is actually a mandatory UE feature for FR2 operation since Rel-15 although there is a capability signalling associated with this feature. Depending on the signalling, whether beam correspondence is supported with or without the uplink beam sweeping. Given that, although it could be assumed that the quality of beam correspondence may be different depending on the capability signalling, beam correspondence itself, as a UE feature, is supported as mandatory. 

Another point is the amount of workload in other WGs as well as in RAN1. While the timeline for Rel-17 is different between WGs, we think neither RAN1 nor RAN4 has much time for the technical discussion even for the topics being discussed now. In that sense, regardless of WGs, reusing the existing features/functionalities would basically be preferred compared to any introduction of new features. Actually the completion level of 52.6 – 71 GHz WI is not very good especially from RAN4 perspective, thus, we believe whether to impose additional specification effort on RAN4 should be carefully considered. 

Moreover, so far RAN1 is discussing on whether/how to define LBT for multiple transmissions as a separate topic, where whether/how to define a single sensing beam to be used in LBT for multiple transmissions with different beams is under the discussion. Although we believe it would be good to support a single sensing beam for multiple transmissions to simplify the LBT, we are not sure if it would be very realistic to define a complete set of such sensing beams covering multiple transmission beams since the characteristics of such sensing beams will be quite divergent depending on the exact transmission beams. We assume, for most of UEs, there would be some cases which should be supported, where per-beam LBT has to be performed for initiating multiple transmissions with different beams. Considering that, the limited time for Rel-17 completion, we think it would be good to prioritize to specify per-beam LBT at least for TDMed multiple transmissions. If we need to specify a wider sensing beam for multiple transmission beams, use of at least (pseudo-)omni beam, which doesn’t require specification efforts as it was supported in Rel-16 NR-U, can be considered. If more sophisticated functionality to define sensing beam is deemed as necessary, it can be achieved by extending QCL/TCI/spatialRelationInfo framework (e.g., to define 1-to-N or N-to-N relationship between QCLs). 

With above consideration, we would prefer to take Alt-2 to define the relationship between sensing beam and transmission beam. The first step could be to define the same beam for sensing beam as the one for the transmission beam when performing per-beam LBT, which can be easily specified by reusing QCL/TCI/spatial relation framework. Then, as the next phase, we can consider defining more sophisticated approach to decide a sensing beam covering multiple transmission beams. 

As beam correspondence is a mandatory UE feature since Rel-15, an FFS captured as a concern on Alt 2 is no longer an issue. Also, so far there would be no specification at gNB side regarding beam correspondence between DL and UL. Thus there would be no need to specify something at gNB either. With that, we do not think Alt-2 has more issues than Alt 1. 

Proposal 4: Support Alt 2 for the definition of relationship between sensing beam and transmission beam



2.4. Rx-assistance
Below was agreed at the last e-meeting regarding the support of Rx-assistance: 
	[bookmark: _Hlk80964650]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.



As described for another topic, only the limited time is available for RAN1 to complete Rel-17. We believe RAN1 should be much careful for determining which functionality to be supported in this release in terms of the required amount of standardization effort. 

Among the four schemes captured above, our first preference is to support at least Scheme 4. L3-RSSI is already supported in Rel-16, and it can be reused in 52.6 – 71 GHz in almost the same manner. The needed enhancements are new reference SCS, measured bandwidth, and possibly how to indicate beams to be used for the RSSI measurement. Since the remaining issues are very clear and limited, we believe Scheme 4 should be prioritized. 

AP-CSI reporting is also supported in the current NR already, so we think reusing it (i.e., Scheme 1) would also be possibility here as well as Scheme 4. Since AP-CSI reporting is triggered by DCI, it enables gNB to have information on CSI related to the associated A-CSI-RS in more timely manner than RSSI/CO measurement and reporting. Therefore, if PHY-level short-term acquisition of Rx-assistance is required, the use of AP-CSI reporting could be one of the straightforward approaches, while some enhancements could also be necessary here, e.g., whether/how to calculate and report beam specific interference level. 

LBT (or sensing) at receiver itself, as captured as Alt 3, seems possible in Alt 1 already. Also, Alt 2 can provide gNB with Rx-assistance information in a timely manner sufficiently. Therefore, we do not see a strong need to discuss further on Alt 3. 

Proposal 5: For Rx assistance, support Scheme 4 (Legacy RSSI measurement and reporting with possible enhancements) and/or Scheme 1 (AP-CSI report with possible enhancements):
· Scheme 4 with enhancements to consider new SCSs, measurement bandwidth, and possibly beam-related aspects should be a starting point at least for the support of long-term Rx-assistance
· Scheme 1 should also be considered if the need of short-term Rx-assistance is observed


2.5. Short controlling signaling
Short control signaling is defined in [2] as follows:
	4.2.6 Short Control Signalling Transmissions
4.2.6.1 Applicability
The present requirement shall apply to all equipment within the scope of the present document.
4.2.6.2 Definition
Short Control Signalling Transmissions are transmissions used by the equipment to send management and control frames without sensing the channel for the presence of other signals.
4.2.6.3 Limits
The use of Short Control Signalling Transmissions shall be constrained as follows:
· within an observation period of 100 ms;
· the total duration of the equipment's Short Control Signalling Transmissions shall be less than 10 ms within said observation period.
4.2.6.4 Conformance
The conformance tests as defined in clause 5.3.8 shall be carried out.



So far RAN1 made following agreements.
	Agreement:
· Contention Exempt Short Control Signaling rules can be applicable to the transmission of SS/PBCH.
· FFS: What are the other DL signals and channels that can be multiplexed with SS/PBCH transmission under Contention Exempt Short Control Signaling rule
· FFS: Whether this can be applied to all supported SCS or specific SCS.
· FFS: Extension to discovery burst if it is defined including signals other than SS/PBCH
· Note: Restriction for short control signalling transmissions apply (10% over any 100ms interval)
· FFS: Other DL signals/channels can be transmitted with Contention Exempt Short Control Signaling rule, such as PDCCH, broadcast PDSCH, PDSCH without user plain data, CSI-RS, PRS, etc

Agreement:
For contention exemption short control signalling based DL transmission of SS/PBCH, further consider if the following signals/channels can be multiplexed with SS/PBCH block transmission.
· RMSI PDCCH and RMSI PDSCH
· Other broadcast PDSCH
· PDSCH without user-plane data 
· PDCCH
· CSI-RS
· PRS
· Other signals/channels contained in Discovery Burst (i.e., exemption applies to Discovery Burst)
Note: Total exempted signals/channels should meet the restriction of 10% over any 100ms interval.
FFS: If contention exemption short control signalling based DL transmission is allowed when not multiplexed with SS/PBCH block transmission.
Agreement:
· 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.
· Note restriction for short control signalling transmissions apply (10% over any 100ms intervals)
· Alt 1: The 10% over any 100ms interval restriction is applicable to all available msg1/msgA resources configured (not limited to the resources actually used) in a cell
· Alt 2: The 10% over any 100ms interval restriction is applicable to the msg1/msgA transmission from one UE perspective
· FFS: Other UL signals/channels can be transmitted with Contention Exempt Short Control Signaling rule, such as msg3, SRS, PUCCH, PUSCH without user plain data, etc




In DL, RAN1 agreed that Contention Exempt Short Control Signaling rules can be applicable to SSB, and the applicability to other DL transmissions is FFS. Another FFS is whether to make the rule applicable to all the SCSs or only certain SCS(s). Meanwhile, for UL, it was agreed that the rules can be applicable to msg1/msgA transmission for all the SCSs. The applicability to the other UL transmissions is FFS as well as DL. 

In our understanding, the only limits required in the regulation would be periodicity-related aspects: 1) within an observation period of 100 ms, and 2) the total duration of the equipment’s Short Control Signalling Transmissions shall be less than 10 ms within said observation period. At least there should not be any additional limitation depending on SCS. In addition, since the concept of contention exempt short control signalling transmission is to protect important periodic transmission for stable system operation, basically signals/channels in such category (as listed in above 2nd and 3rd agreements) can be considered in addition to SS/PBCH block as long as the above limits are complied per equipment.

Proposal 6: Contention Exempt Short Control Signaling rules can be applicable irrespective of SCS 

Regarding the interpretation of the rules captured in the 3rd agreement, our view is Alt 2 (i.e., the 10% over any 100ms interval restriction is applicable to the msg1/msgA transmission from one UE perspective) as BRAN regulation is per device regulation. Rather it should be common among any transmissions including other than msg1 and msgA. 

Proposal 7: Support Alt 2 on the interpretation of Contention Exempt Short Control Signaling rules, i.e., the 10% over any 100ms interval restriction is applicable to the msg1/msgA transmission from one UE perspective



3. Conclusion
Based on the discussion in this contribution, we made following proposals.
Proposal 1:
Deprioritize the discussion on whether to support performing single LBT over all CCs in case of multi-carrier transmission in intra-CA

Proposal 2: For the down-selection on Y value on Cat-2 LBT, support Option 1

Proposal 3: Use of Cat-2 LBT should be considered for the transmission of a certain signal/channel, for which LBT is not needed in a region (e.g., BRAN with short control signalling), while LBT is always needed in another region (e.g., Japan). 

Proposal 4: Support Alt 2 for the definition of relationship between sensing beam and transmission beam

Proposal 5: For Rx assistance, support Scheme 4 (Legacy RSSI measurement and reporting with possible enhancements) and/or Scheme 1 (AP-CSI report with possible enhancements):
· Scheme 4 with enhancements to consider new SCSs, measurement bandwidth, and possibly beam-related aspects should be a starting point at least for the support of long-term Rx-assistance
· Scheme 1 should also be considered if the need of short-term Rx-assistance is observed

Proposal 6: Contention Exempt Short Control Signaling rules can be applicable irrespective of SCS 

Proposal 7: Support Alt 2 on the interpretation of Contention Exempt Short Control Signaling rules, i.e., the 10% over any 100ms interval restriction is applicable to the msg1/msgA transmission from one UE perspective
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