Page -2013262320
Draft prETS 300 ???: Month YYYY
[bookmark: _Ref462817227]
3GPP TSG-RAN WG1 #108-e 	R1-2202275     
e-Meeting, February 21st – March 3rd , 2022	

Agenda Item:	8.2.6
Source:	Panasonic
Title:	Discussion on sharing of directional channel occupancy 
Document for:	Discussion, Decision

Introduction
For NR operation above 52GHz, directional transmission using beamforming would be extensively used. Accordingly, to gain access to the unlicensed spectrum, the initiating device can perform so-called directional LBT to sense the channel along the intended transmit direction rather than an omni-directional channel sensing. 
However, if a channel occupancy is obtained by the directional LBT, the channel occupancy is only directional. In other words, it is not fair to claim and transmit over other directions than the sensed direction. Similarly, when the initiating device shares the channel with the responding device, it should not be allowed for the responding device to transmit outside the direction that has been used by the initiating device to acquire the channel. 
The above are essential aspects related to directional LBT and sharing of the directional channel occupancy, and has been touched in the previous meeting (see section 2.10 of Feature Lead Summary [1]. This paper is intended to further progress this topic.  
Discussion
For the directional LBT, to ensure that the initiating device have sensed all intended directions before any beamformed transmission, RAN1 has agreed that 3GPP specifications should specify necessary requirement or test procedure to guarantee sensing beam(s) “cover” the transmission beam(s), although the exact definition of “cover” is pending on the reply from RAN4. 
Once the above specification is in place, it is guaranteed that the initiating device, once acquiring the channel occupancy time (COT) by directional LBT, would not transmit any transmission outside the sensed beam(s). 
However, in terms of COT sharing, there lacks mechanism in spec to prevent COT is “accidentally” shared with unintended responding devices that would transmit outside the sensed beams. For example, according to existing spec, UE knows whether its UL transmission is within gNB’s COT by decoding the COT duration transmitted in DCI 2_0. Note that although DCI 2_0 is supposed to be transmitted with a certain beam (e.g. corresponding to the beam that gNB has used to sense the channel), it can happen that UE outside the beam decodes it as long as the SINR is good enough. Then the UE outside the beam might mistakenly identifies its UL transmission as within gNB’s COT and hence takes advantages of COT sharing by, e.g. to transmit the UL transmissions without LBT or upgrade the LBT type of the UL transmission, which is unfair for the co-existence.  
The root cause of the above-mentioned issue of unintended COT sharing is that there is no mechanism in current DCI 2_0 to control which beam(s) the COT is applicable. During the discussion in previous meeting, some company mentioned that currently the CORESET carrying DCI 2_0 is already associated with a TCI-state that is indicated to the UE by MAC-CE, which can be regarded as a way to control which UEs can decode DCI 2_0 and have access to the COT. However, we don’t agree such argument. First of all, the TCI state associated with DCI 2_0 is to indicate the transmit beam that gNB has used to transmit DCI 2_0. The UE has free choice on the receive beam to receive DCI 2_0. For example, depending on UE implementation, UE can use an omni-directional beam to receive DCI 2_0. In other words, it cannot prevent (the unintended) UEs that are physically located in side-lobe or back-lobe of the transmit bean of DCI 2_0 from “accidentally” decoding the DCI 2_0 and obtaining access of the COT. Secondly, after UE decodes the DCI 2_0 and gains access to gNB’s COT, there is no guarantee that UE’s UL transmit beam would correspond to the DL beam transmitting DCI 2_0. Therefore, some correction mechanism to prevent such situation is necessary. 
Our proposed simple fix is to specify that a UL transmission is identified as within gNB’s COT if and only if
· the UL transmission is configured/indicated to use the beam corresponding to the one that gNB has used to transmit DCI 2_0 , which is represented by the TCI state ID of the CORESET carrying DCI 2_0; and
· the UL transmission timing is within the duration of COT.
With such mechanism, if the UL transmission has a different TCI state ID (assuming Rel-17 unified TCI framework for UL and DL), COT sharing is not applicable for such UL transmission even if UE decodes the DCI 2_0 successfully and found out the COT duration covers the UL transmission. Instead, UE can perform the UL transmission without taking advantage of COT sharing. 
A more generalized approach is to include a beam availability indicator in DCI 2_0, to indicate whether a certain beam is available or unavailable for the COT. The reference beam set for the indication can be the SSB beams. Compared to the first approach, this approach takes away the need of sending per-beam DCI 2_0. The beam availability indicator is similar to the RB set availability indicator in Rel-16, but in the spatial domain instead of frequency domain. If a beam is indicated as unavailable, the UL transmission along such beam is not allowed. On the other hand, if a beam is indicated as available, the UL transmission within such beam is eligible to use the gNB’s COT. Another advantage of introducing beam availability indicator in DCI 2_0 is for the PDCCH monitoring in the DL. Naturally, if a beam is indicated as unavailable, UE is not required to monitor PDCCH within this beam direction in order to save UE power. To unambiguously define whether a certain UE-specific UL or DL beam is covered by the indicated beam, a UE-specific RRC configuration can be used to associate one reference beam to UE-specific UL beams (e.g.PUCCH-SpatialRelationInfo) or DL beams (e.g. TCI state ID).
To summarize, we propose the following:
Proposal 1: RAN1 to agree on the issue of unintended COT sharing caused by the existing DCI 2_0.
Proposal 2: To address the issue of unintended COT sharing, consider specifying one or both of the following approaches:
Approach 1: Specify that a UL transmission is identified as within gNB’s COT if and only if
· the UL transmission is configured/indicated to use the beam corresponding to the one that gNB has used to transmit DCI 2_0 , which is represented by the TCI state ID of the CORESET carrying DCI 2_0; and 
· the UL transmission timing is within the duration of COT.
Approach 2: Introduce a new field, beam availability indicator, in DCI 2_0 to indicate whether a beam is available or unavailable for the gNB’s COT.
· A UL transmission is identified as within the gNB’s COT if the UL transmit beam is covered by the available beam and timing of UL transmission is within duration of COT. 
· For a UL transmission associated with a beam that is covered by unavailable beam, UE is not allowed to transmit the UL transmission for the duration of COT. 
Conclusion
In this paper, we have discussed the issue related to sharing of directional channel occupancy. The proposals are the follows.
Proposal 1: RAN1 to agree on the issue of unintended COT sharing caused by the existing DCI 2_0.
Proposal 2: To address the issue of unintended COT sharing, consider specifying one or both of the following approaches:
Approach 1: Specify that a UL transmission is identified as within gNB’s COT if and only if
· the UL transmission is configured/indicated to use the beam corresponding to the one that gNB has used to transmit DCI 2_0 , which is represented by the TCI state ID of the CORESET carrying DCI 2_0; and 
· the UL transmission timing is within the duration of COT.
Approach 2: Introduce a new field, beam availability indicator, in DCI 2_0 to indicate whether a beam is available or unavailable for the gNB’s COT.
· A UL transmission is identified as within the gNB’s COT if the UL transmit beam is covered by the available beam and timing of UL transmission is within duration of COT. 
· For a UL transmission associated with a beam that is covered by unavailable beam, UE is not allowed to transmit the UL transmission for the duration of COT. 
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