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In RAN # 90the extensions to WI [1] for NR operation up to 71GHz were approved. According to [1] RAN1 should define:
“Physical layer procedure(s) including [RAN1]:
Channel access mechanism assuming beam based operation in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz.
	Specify both LBT and No-LBT related procedures, and for No-LBT case no additional sensing mechanism is specified.
	Study, and if needed specify, omni-directional LBT, directional LBT and receiver assistance in channel access.
Study, and if needed specify, energy detection threshold enhancement”
Multiple agreements were reached in RAN1#104-e through RAN1#109-e [2] based on the above principles. In this document we provide our views on the remaining details after reviewing the latest version of TS 37.213 [3]
EDT Computation
In this section we address few open issues related to the independent per-beam LBT sensing.
Multiple independent LBT Sensing Beams
In TS 37.213 channel access for FR2-2 shared spectrum is defined in Clause 4.4.
“If a channel occupancy includes transmission(s) in different beams that are multiplexed in spatial domain, one of the followings is applicable for the corresponding sensing to perform the transmission(s) within the channel occupancy:
[Text omitted]
· Type 1 channel access procedure as described in Clause 4.4.1 is applied before the start of the channel occupancy simultaneously per sensing beam where each sensing beam covers a transmission beam within the channel occupancy. When the channel is accessed, the transmission(s) within the channel occupancy across different beams can occur. “
In subsequent Clause 4.4.6 additional clarifications are added for channel access procedures on multiple beams:
“When a gNB/UE intends to transmit a transmission(s) that starts at the same time across multiple transmission beams, if the gNB/UE performs sensing on the corresponding sensing beam(s) independently, the gNB/UE performs the channel access procedures described in Clause 4.4.1 on each sensing beam independently. When the channel access procedures in Clause 4.4.1 are applied on any sensing beam, the corresponding counter  in step 1 shall be initialized independently and the corresponding sensing on the sensing beam shall be performed after the end of any previous transmission(s) by the gNB/UE occupying any beam.”

The above agreements leave open for interpretation how some possible scenarios are handled. One possible scenario is when independent per-beam LBT sensing is performed, some of the per-beam LBT sensing succeed and some fail. Based on the previous Clause 4.4.1 the gNB may start transmitting only on those directions where LBT succeeded. 
Observation 1: When a node performs independent per-beam LBT sensing, it does not know in advance which LBT will be successful and which one will fail.
Each beam has potentially a different gain, therefore the EIRP of transmissions along different beams may be substantially different. However, without knowing in advance which per-beam LBT sensing will be successful, it makes difficult to decide which Pout will be used in transmissions during COT, and thus which EDT value should be used.
Observation 2: Clarifications of the EDT value(s) selection for independent per beam channel sensing are necessary.
We identified two possible solutions for EDT value selection for per beam sensing. One solution could be to select the largest Pout of all intended transmissions for that COT. This is the simplest solution.
When some LBT directions are successful and some not, a node may utilize spatial reuse opportunities and perform transmissions only on those beams (directions) where LBT sensing was successful. For such a scenario, it is evident that using a separate EDT for each sensing beam is beneficial. In particular, the Pout definition that is used in the EDT computed for each sensing beam must consider the transmit power and beamforming gain of the intended transmit beam (via a specific EIRP). If a single EDT value is used, that value may be (erroneously) calculated when it is based on the transmission power Pout intended some direction, which will not be used because the LBT for that direction failed.
Using a common maximum EIRP across all sensing beams may also degrade the spatial reuse possibilities thereby negating the main advantage of multiple per-beam LBT sensing.  
Indeed, suppose that in one direction the power (Pout, EIRP) necessary to be used is 10 dB higher than the power (Pout, EIRP) to be used in a second direction (beam). In this case, using the same common EDT for both sensing beams will limit the communication opportunity for the second direction. 
That is, a common EDT for both directions may lead to LBT failure on second beam (direction) even though given the Pout (EIRP) to be used on the second direction would allow a higher EDT value when EDT formula is used.
[bookmark: _Hlk92732766][bookmark: _Hlk101183319]Observation 3: Always using a common Pout (common EDT) for multiple sensing beams can limit spatial reuse, which may increase the latency and the number of transmissions.
The second solution for EDT value selection may be to allow different EDT values for each sensing beam, where the EDT values are corresponding to the intended transmit power for each beam. 
We also note that given the channel conditions for each beam and given that each count-down process is independent for each beam, the count-down may finish at different instance of time for different beams. The text in Clause 4.4.6 requires that the transmissions (COT) start simultaneously in all beams. As we noted above, however, the LBT in some beams may fail. The text is not clear on what happens next. Does the transmission fail, and the per-beam LBT is repeated until it succeeds or the transmission is executed on those beams where the LBT is successful, or how to handle per beam LBT failure is left for implementation? 
In addition, if the LBT is successful in each beam but each LBT has different finish time in each beam, it is not clear if a CP extension is applied in each beam to maintain channel occupancy until the last LBT finishes given that start of channel occupancy in all beams is aligned, or if such situation is left for UE implementation. The text needs clarifications, which are offered in TP1.
Observation 4: Clarification is necessary whether the CP extension is performed on a beam prior to the transmission across all beams.
Observation 5: Clarification is necessary whether the transmission across multiple beams is performed only if the channel access is successful on every beam.

Proposal 1: Adopt the changes proposed in TP1.

Conclusion
Observation 1: When a node performs independent per-beam LBT sensing, it does not know in advance which LBT will be successful and which one will fail.
Observation 2: Clarifications of the EDT value(s) selection for independent per beam channel sensing are necessary.
Observation 3: Always using a common Pout (common EDT) for multiple sensing beams can limit spatial reuse, which may increase the latency and the number of transmissions.
Observation 4: Clarification is necessary whether the CP extension is performed on a beam prior to the transmission across all beams.
Observation 5: Clarification is necessary whether the transmission across multiple beams is performed only if the channel access is successful on every beam.
Proposal 1: Adopt the changes proposed in TP1.
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Annex
TP #1

	Reason for change:
	Lack of clear specifications to select EDT for LBT sensing when a node performs independent per-beam LBT sensing; lack of clarity regarding different LBT ending time in different beams in per-beam LBT sensing

	Summary of change:
	Add text to allow a separate EDT per each sensing beam LBT, allow implementation specific CP extension

	Consequences if not approved:
	The EDT selection text for per-beam sensing LBT it is not clear, not clear if CP Extension may be used.   



TP#1
	TS 37.213, Clause 4.4 Channel access procedures for frequency range 2-2
*** Unchanged text omitted ***
If a channel occupancy includes transmission(s) in different beams that are multiplexed in spatial domain, one of the followings is applicable for the corresponding sensing to perform the transmission(s) within the channel occupancy:
-	Type 1 channel access procedure as described in Clause 4.4.1 is applied before the start of the channel occupancy using a single sensing beam where the single beam covers all the transmission beams within the channel occupancy. When the channel is accessed, the transmission(s) within the channel occupancy across different beams can occur.
-	Type 1 channel access procedure as described in Clause 4.4.1 is applied before the start of the channel occupancy simultaneously per sensing beam where each sensing beam covers a transmission beam within the channel occupancy. The EDT value used per each sensing beam may be different. When the channel is accessed, the transmission(s) within the channel occupancy across different beams can occur. 
If a channel occupancy includes transmissions in different beams that are multiplexed in time domain, one of the followings is applicable for the corresponding sensing to perform the transmissions within the channel occupancy:
-	Type 1 channel access procedure as described in Clause 4.4.1 is applied before the start of the channel occupancy using a single sensing beam where the single beam covers all the transmissions beams within the channel occupancy. When the channel is accessed, the transmissions within the channel occupancy across different beams can occur following the procedures described in Clause 4.4.3.
-	When the gNB/UE can perform simultaneous sensing in different beams, Type 1 channel access procedure as described in Clause 4.4.1 is applied before the start of the channel occupancy per sensing beam where each sensing beam covers a transmission beam within the channel occupancy. The EDT value used per each sensing beam may be different. When the channel is accessed, the transmission within the channel occupancy across different beams can occur following the procedures described in Clause 4.4.3. 
-	When the gNB/UE can perform simultaneous sensing in different beams, Type 1 channel access procedure as described in Clause 4.4.1 is applied before the start of the channel occupancy per sensing beam where each sensing beam covers a transmission beam within the channel occupancy. The EDT value used per each sensing beam may be different. When the channel is accessed, the transmission within the channel occupancy can occur following the procedures in Clause 4.4.2 before switching to a different beam within the channel occupancy.
When the gNB intends to transmit a DL transmission(s) across multiple transmission beams, if the gNB performs sensing on the corresponding sensing beam(s) independently, the DL transmission(s) can occur on a transmission beam(s) among the multiple transmission beams if the channel access procedures on the corresponding sensing beam(s) have succeeded, and the channel occupancy would start at the same time across the multiple transmission beams. The EDT value used per each sensing beam may be different.
*** Unchanged text omitted ***
When a gNB/UE intends to transmit a transmission(s) that starts at the same time across multiple transmission beams, if the gNB/UE performs sensing on the corresponding sensing beam(s) independently, the gNB/UE performs the channel access procedures described in Clause 4.4.1 on each sensing beam independently. The EDT value used per each sensing beam may be different. When the channel access procedures in Clause 4.4.1 are applied on any sensing beam, the corresponding counter N in step 1 shall be initialized independently and the corresponding sensing on the sensing beam shall be performed after the end of any previous transmission(s) by the gNB/UE occupying any beam. Is left for the implementation whether a CP extension is applied on each beam prior to the transmission across all beams. It is left for the implementation whether the transmission across multiple beams is performed only when the channel access succeeds in every beam of the intended transmission or is executed only on those beams where channel access is successful.
*** Unchanged text omitted ***



