
Page 1

3GPP TSG RAN WG1 #110			     R1-2206542
Toulouse, France, August 22nd – August 26th, 2022

Source:	Intel Corporation
Title:	Discussion on Pout and EDT Threshould for Independent per-beam LBT Operation
Agenda item:	8.2
[bookmark: DocumentFor]Document for:	Discussion and Decision
[bookmark: _Ref506539118]Introduction
[bookmark: _Ref47259910][bookmark: _Ref20730972][bookmark: _Ref16193927][bookmark: _Ref6926730][bookmark: _Ref7107393][bookmark: _Ref521318726][bookmark: _Ref524340861][bookmark: _Ref510774888][bookmark: _Ref3884257]In this contribution, in the context of channel access to extend NR up to 71 GHz and based on the agreements and conclusions made during the previous RAN1 meetings along this WI, we discuss the last details related to the Pout definition for the EDT threshold calculation for independent per-beam LBT operation, where the change requests are provided in [1].
Definition of Pout within the EDT Calculation for Independent per-beam LBT Operation
In prior RAN#1 meetings, the EDT threshold to use to determine whether a channel is busy or not has been defined for FR2-2 as per the following agreement: 
	Agreement:
The baseline ED threshold can be computed as

 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



 
Furthermore, in the context of per-beam LBT operation, the following agreements have been made during the prior RAN1 meetings:
	Agreement (SDM Case)
For a COT with MU-MIMO (SDM) transmission, support both Alt 1 and Alt 2 below:
· Alt 1: Single LBT sensing at the start of the COT with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold
· Alt 2: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT, if the node can perform simultaneous sensing in different beams 
Note: On UE side, no UE capability will be introduced for this purpose. 
Agreement (TDM Case)
Within a COT with TDM of beams with beam switching, Alt 2 is supported if the node has the capability to perform simultaneous sensing in different beams. Alt 3 is allowed as node implementation choice if the node also supports Cat 2 LBT. The use of Alt 2 or Alt 3 is based on node’s implementation.
· Alt 2 from previous agreement: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT
· Alt 3 from previous agreement: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT with additional requirement on Cat 2 LBT before beam switch
Agreement
When independent per-beam LBT sensing is performed at gNB, a transmission is allowed to occur on a beam if the corresponding LBT procedure has been successful before the channel occupancy start time. 
· Note: For multi-beam transmission, channel occupancy start time corresponding to all Tx beams is aligned. 
· FFS: When independent per-beam LBT sensing is performed at UE



While all the details related to the calculation of the EDT threshold have been discussed, as for the definition of Pout, the following agreements have been made during the prior RAN1 meetings:
	Working assumption:
For Pout in EDT determination, define Pout as the maximum EIRP of the node determining EDT during a COT.

Agreement
Confirm the WA with some clarifications
Working assumption:
· For Pout in EDT determination, define Pout as the maximum EIRP of the intended transmissions by the node determining EDT during a COT.
· The node is not expected to transmit in the COT with higher Pout than the Pout used to determine the EDT used to acquire the COT

Agreement
For gNB initiated COT, for Pout in EDT determination at the initiating device (gNB), the Pout of the responding device (UE) is not considered



However, in case an initiating device may perform a per-beam LBT procedure, it is not yet clear how the Pout is calculated in case the maximum EIRP in different beams may be different. It is in fact important to note that based on how Pout is interpreted, and which Pout is used may impact on whether the per-beam LBT sensing may either succeed or fail, and correspondently on whether a transmission may or may not occur over a specific beam. 
In this case two possible interpretations are possible: 
· Option 1: The Pout used in the EDT threshold calculation is the largest Pout of all intended transmissions for that COT. 
· The EDT threshold is calculated independently per-beam and Pout is the maximum EIRP of the intended transmissions “covered” by the sensing beam by the node determining EDT during the COT.

While the first interpretation leads to a simpler solution, this may also lead to unwanted sensing failures and an over pessimistic per-beam sensing, since the largest Pout among all intended transmissions across beams will be always used, which may block transmissions on some of the beams over which sensing will have otherwise succeeded, and Pout may have been smaller. For this reason, we believe that the Pout should be accounting only for the maximum EIRP in the transmission beams that are covered by that specific sensing beam and should not account for all other beams. 
Proposal 1: For a COT with MU-MIMO (SDM) transmission or TDM transmission of beams with beam switching, when independent per-beam LBT is performed at the start of the COT, define Pout as the maximum EIRP of the intended transmissions “covered” by the sensing beam by the node determining EDT during the COT.
· Endorse the draft CR for TS37.213 in R1-2206543

	TS37.213

	[bookmark: _Toc106011668][bookmark: _Toc19798775][bookmark: _Toc26467246][bookmark: _Toc29326607][bookmark: _Toc29327757][bookmark: _Toc36045947][bookmark: _Toc36046207][bookmark: _Toc36046353][bookmark: _Toc45209270][bookmark: _Toc51852444][bookmark: _Toc74668503]4.4	Channel access procedures for frequency range 2-2
<Unchanged parts 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. The energy detection threshold used for each sensing beam is determined independently per beam according to Clause 4.4.7 with all the transmissions covered by the sensing beam. 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 energy detection threshold used for each sensing beam is determined independently per beam according to Clause 4.4.7 with all the transmissions covered by the sensing beam. 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 energy detection threshold used for each sensing beam is determined independently per beam according to Clause 4.4.7 with all the transmissions covered by the sensing beam. 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.
<Unchanged parts omitted>






Conclusions
In this contribution, we derived the following proposal:
Proposal 1: For a COT with MU-MIMO (SDM) transmission or TDM transmission of beams with beam switching, when independent per-beam LBT is performed at the start of the COT, define Pout as the maximum EIRP of the intended transmissions “covered” by the sensing beam by the node determining EDT during the COT.
· Endorse the draft CR for TS37.213 in R1-2206543
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