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[bookmark: _Toc92819164]1	Introduction
Rel-17 WI for extending NR support in the frequency range of 52.6 GHz to 71 GHz [1][2] has been concluded. In this contribution, we discuss remaining issues on the channel access mechanisms for Rel-17 NR operations in FR2-2. The following topics will be discussed.
· Clarification for LBT bandwidth.
· Configuration for supporting short control signaling.
· Transmitters’ behavior for per beam LBT failure.
· Remaining issues for enhancement L3-RRSI measurement.
· LBT type indicator in fallback DCIs.
· LBT mode configuration. 
· COT sharing aspects
[bookmark: _Toc92819165]2	Baseline LBT mechanism in FR2-2
[bookmark: _Toc92819166]2.1	LBT Bandwidth and FFS
[bookmark: _Toc61356001][bookmark: _Toc61356650][bookmark: _Toc61432457][bookmark: _Toc61520093][bookmark: _Toc61810924][bookmark: _Toc61882701][bookmark: _Toc61886115][bookmark: _Toc61886189][bookmark: _Toc61886512][bookmark: _Toc61903022]In the endorsed CR 37.213[3] , clause 4.4.7 there is an open issue regarding the determination of the energy detection threshold (EDT). The following agreements were made in RAN1#104-e[5] and RAN1#106-e[9] regarding the baseline EDT according to EN 302 567 v2.2.1 [8].RAN1#104-e 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

RAN1 #106-e 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)






The operating channel BW is the LBT BW which is denoted as “BW” in the equation in the endorsed CR 37.213. The understanding of RAN1 is that LBT may be done over either the channel BW or BWP bandwidth, and the use of one or the other may be up to the device’s implementation. However, it may be helpful to clarify in what cases can the devices use BWP BW and/or channel BW. 
37.213 uses the following generic definition for channel:
	37.213:
A channel refers to a carrier or a part of a carrier consisting of a contiguous set of resource blocks (RBs) on which a channel access procedure is performed in shared spectrum.



We can observe from the above definition that the “channel bandwidth” in RAN1 is the BW of the contiguous set of RBs on which channel access procedure is performed: LBT BW. We further observe that the generic channel definition in 37.213 covers both the case where the LBT BW is equal to the RAN4 channel BW (i.e. carrier BW) and the case where it is smaller than the RAN4 channel BW (Bandwidth part (BWP) BW). 
From a UE perspective, the UE is configured with one or more BWP / carriers, each with its own UE channel bandwidth that may be different from the gNB channel BW. Therefore, according to the agreement and above description a UE may perform LBT over its RAN4 defined channel BW or the configured active BWP BW. This can be left to implementation in our opinion. This would work for the gNBs as well if the generic definition of “channel” is followed. However, gNBs may need to perform LBT over all the BWP BWs that may be used in the COT and it may be easier to do LBT by performing over the full channel BW, instead of the spectrum chunks within the channel BW. Therefore, there is a need to clarify the term “BW” in the energy detection threshold estimation equation as follows. 
[bookmark: _Toc92819160]RAN4 channel bandwidth/Carrier bandwidth is different from RAN1 channel bandwidth
[bookmark: _Toc92819161]RAN1 channel bandwidth is the bandwidth of the “channel” defined in 37.213. 
[bookmark: _Toc92819127]RAN1 to conclude that BW is the bandwidth of the “channel” defined in 37.213 clause 4.0 and hence modify the spec. text in 37.213 CR clause 4.4.7 as follows 
[bookmark: _Toc92819128][ is the [channel bandwidth or bandwidth part bandwidth] in MHz.]
[bookmark: _Toc66977621][bookmark: _Toc66977766][bookmark: _Toc66977802][bookmark: _Toc66977838][bookmark: _Toc71556319][bookmark: _Toc71556320][bookmark: _Toc67928106][bookmark: _Toc67986578][bookmark: _Toc68076673][bookmark: _Toc68077208][bookmark: _Toc68184126][bookmark: _Toc68202258][bookmark: _Toc68202441][bookmark: _Toc67541246][bookmark: _Toc67541283][bookmark: _Toc67541319][bookmark: _Toc67541380][bookmark: _Toc67541426][bookmark: _Toc67541612][bookmark: _Toc67541676][bookmark: _Toc67541722][bookmark: _Toc67596407][bookmark: _Toc67986548][bookmark: _Toc68076643][bookmark: _Toc68076706][bookmark: _Toc68076741][bookmark: _Toc68164581][bookmark: _Toc68184035][bookmark: _Toc68202230][bookmark: _Toc68202321][bookmark: _Toc68202796][bookmark: _Toc92819167]2.2	Short control signaling transmissions (SCST) 
[bookmark: _Toc71630265][bookmark: _Toc53738664]In RAN1 #105-e[7], the following was agreed for Short control signalling transmissions in UL. There is also a pending clarification needed in the endorsed CR 37.213[3]. 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




EN 302 567 v 2.2.1[8] and EN 303 753 v0.0.4[10] grants an initiating device/ equipment to perform short control signalling transmissions according to the duty cycle requirement. It is evident that short control signalling transmissions are tested per “equipment” in the ETSI regulations and not per system or cell. 
Furthermore, IEEE 802.11ad/ay devices also perform multiple transmissions using the short control signalling exemption. In our opinion, this exemption is currently used by IEEE 802.11ad/ay for many transmissions per device. In addition, we also note that the tests in EN 302 567 are carried out after the initial access and beamforming are done.  Therefore, in addition to the 10% DC there seems to be an inherent margin in the tests. 
During the WI, there were comments that this exemption when provided to multiple UEs may be unfair to devices that adhere to 10% rule in the unlicensed band. This is an undesired consequence from a cell perspective but only if within a 100ms period all the UEs decide to use contention exempt transmissions. We think this is a corner case and note that it is also possible for such a scenario to occur even among other technologies such as IEEE 802.11ad/ay using the band. Nonetheless, this is allowed by the regulations because the interface in this band is not such a big factor while sharing the band. The requirement of 10ms over 100ms is from one UE perspective and can be left to implementation on how exactly the UE maintains this. For example, the UE may attempt to transmit msg 1 /msg A according to the exemption and updates the limit before each transmission attempt to check that the 10% DC is not reached. Therefore, we propose the following with Alt 2 in the above agreement as the baseline. Alt 1 is a tighter requirement which need not be precluded by implementation. 
[bookmark: _Toc92819129]RAN1 to conclude that for short control signalling transmissions from UEs, the requirement of 10ms over 100ms duration is applicable to transmissions from a single UE perspective (Alt2 in the agreement)
[bookmark: _Toc92819168]2.2.1 	Indication to use LBT for contention exempt transmissions
The current CR specification 37.213[3] indicates a specific use case as shown below:R1-2112917 CR 37.213:
4.4.5	Exempted transmissions from sensing 
In regions where channel sensing is required to access a channel for transmission and short control signalling exemption is allowed by regulation, a gNB/UE may transmit the following transmission(s) on a channel without sensing the channel:
-	Transmission(s) of the discovery burst by the gNB
-	Transmission(s) of the first message in a random access procedure by the UE
When the gNB/UE transmits the above transmission(s) without sensing on a channel by utilizing the exemption above, the total duration of such transmission(s) by the gNB/UE shall not occupy the corresponding channel more than  over any  interval.




Regulations for 60 GHz in Japan mandate channel sensing for all transmissions with transmit power above 10 dBm[14] with no exemption allowed. This poses a unique problem for short control signaling transmissions that are basically exempt from performing sensing before transmissions. Therefore, we think that it is useful to indicate if LBT needs to be used before contention exempt transmissions or not. An end user may buy a product in Europe and try to use it in Japan where this is not allowed and will cause regulatory violations by doing so. The UEs do not know their geolocation but follows configuration settings by the gNB, limited by its own capability. Furthermore, this feature enables gNBs to turn off contention-exempt transmissions.
We have already agreed that RACH msg1 and Msg A are included in contention exempt transmissions for the UE. This is not possible in regions like Japan as mentioned before. Therefore, the UE needs to know if it should perform LBT or not before transmitting RACH. This can be indicated in SIB1 in addition to the no LBT/LBT indication proposed in section 3.3.1. This proposal ensures usage of products from other parts of the world being shipped to Japan and enables UEs to perform sensing for RACH and other short control signaling transmissions if this bit is set. 
[bookmark: _Toc92819130]RAN1 to agree that the use of LBT for contention exempt transmissions is indicated in SIB1. The type of LBT (CAT3 or CAT2 LBT) to be used can be left for implementation and depending on the UE feature. 
[bookmark: _Toc92819169]3	Remaining issues on enhancements to LBT mechanisms 
[bookmark: _Toc61356008][bookmark: _Toc61356657][bookmark: _Toc61432464][bookmark: _Toc61520100][bookmark: _Toc61810931][bookmark: _Toc61882708][bookmark: _Toc61886122][bookmark: _Toc61886196][bookmark: _Toc61886519][bookmark: _Toc61903029][bookmark: _Toc92819170]3.1	Directional LBT
[bookmark: _Toc67389084][bookmark: _Toc67541759][bookmark: _Toc67541795][bookmark: _Toc67541922][bookmark: _Toc67541978][bookmark: _Toc67596445][bookmark: _Toc67928115][bookmark: _Toc67986587][bookmark: _Toc68076682][bookmark: _Toc68077217][bookmark: _Toc68184135][bookmark: _Toc68202267][bookmark: _Toc68202450]In RAN1-106b-e[11], there was support from companies to study directional LBT. It was discussed whether and how to define the relationship between sensing and transmission beams. We agreed to support beam correspondence, i.e., beamCorrespondenceWithoutUL-BeamSweeping set to ‘1’, as a mechanism to define the relationship between sensing beam and transmission beams for UEs that support it. For gNBs, and UEs that do not support beamforming without UL beam sweeping, there was an agreement in RAN1 107-e to specify necessary requirements and tests for the definition of “cover”. 

Agreement:
· When UE indicates a capability for beam correspondence with beamCorrespondenceWithoutUL-BeamSweeping ={1}, support 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: The case when UE does not indicate a capability for beam correspondence
· Note: The UE should meet local regulatory requirements
Agreement
For the following situations
· Selecting sensing beam at the gNB 
· Selecting sensing beam at the UE when UE does not indicate a capability for beam correspondence with beamCorrespondenceWithoutUL-BeamSweeping ={1}
· Selecting sensing beam at the UE when UE uses a different beam for sensing than the beam used for transmission, 
Specify necessary requirement/test procedure to guarantee sensing beam(s) “covers” the transmission beam(s)
· Some methods to define “cover” have been discussed in RAN1
· 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. 
· Alt-1F:
· Selecting sensing beam at the gNB is up to gNB’s implementation
· Sensing beam at the UE may use a wider beam for sensing than the beam used for transmission, when the UE does not indicate a capability for beam correspondence with beamCorrespondenceWithoutUL-BeamSweeping ={1}
· 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
· RAN4 can further decide for gNB or UE separately if such test or requirement is not needed or not practical and leave it to gNB or UE implementation



However, it was also mentioned that RAN4 may further decide if such a requirement/test is needed or not. Nonetheless, the following was added in the CR 37.213[3] with a comment that “cover” definition is pending an LS from RAN4.
R1-2112917 CR 37.213, clause 4.4:
The spatial domain filter for sensing beam(s) during the sensing slot duration at the gNB, or at a UE when the UE does not indicate a capability for beam correspondence without the uplink beam sweeping, or at a UE when the UE uses a different beam for sensing than the beam used for transmission, covers the transmission beam(s) of the intended transmission(s) within the channel occupancy.
Editor’s note: Definition of “cover” pending RAN4 LS response. 
  



Although the term “cover” has been used in RAN1 to discuss the relationship between the sensing beam(s) and transmitting beam(s) during the WI, we do not think it is a proper term to reflect the relationship between the sensing beam(s) and transmitting beam(s) in the specifications. The reason is that even the current beam correspondence requirement in RAN4, which is used for UE with beamCorrespondenceWithoutUL-BeamSweeping set to ‘1’, does not require the sensing beam covers the transmitting beam. The beam correspondence requirement in RAN4 is more about the “offset” between the selected transmitting beam and the optimal UL transmitting beam. If the offset between two beams are within the limit, the beam correspondence requirement is met, regardless whether one beam “covers” or “is within” the other beam. Moreover, there was no agreement that the spatial domain filter for sensing beams must cover the transmission beams. The methods described n Alt 1A-Alt 1F do not consider changing the spatial receiver filter to meet this cover requirement, therefore we propose to remove that sentence and add the following sentence in square brackets since the decision is with RAN4. 
[bookmark: _Toc90285162][bookmark: _Toc90285200][bookmark: _Toc90285250][bookmark: _Toc90285410][bookmark: _Toc90314651][bookmark: _Toc92179502][bookmark: _Toc92184975][bookmark: _Toc92188099][bookmark: _Toc92785281][bookmark: _Toc92809894][bookmark: _Toc90285163][bookmark: _Toc90285201][bookmark: _Toc90285251][bookmark: _Toc90285411][bookmark: _Toc90314652][bookmark: _Toc92179503][bookmark: _Toc92184976][bookmark: _Toc92188100][bookmark: _Toc92785282][bookmark: _Toc92809895][bookmark: _Toc90285164][bookmark: _Toc90285202][bookmark: _Toc90285252][bookmark: _Toc90285412][bookmark: _Toc90314653][bookmark: _Toc92179504][bookmark: _Toc92184977][bookmark: _Toc92188101][bookmark: _Toc92785283][bookmark: _Toc92809896][bookmark: _Toc90285165][bookmark: _Toc90285203][bookmark: _Toc90285253][bookmark: _Toc90285413][bookmark: _Toc90314654][bookmark: _Toc92179505][bookmark: _Toc92184978][bookmark: _Toc92188102][bookmark: _Toc92785284][bookmark: _Toc92809897][bookmark: _Toc90285166][bookmark: _Toc90285204][bookmark: _Toc90285254][bookmark: _Toc90285414][bookmark: _Toc90314655][bookmark: _Toc92179506][bookmark: _Toc92184979][bookmark: _Toc92188103][bookmark: _Toc92785285][bookmark: _Toc92809898][bookmark: _Toc90285167][bookmark: _Toc90285205][bookmark: _Toc90285255][bookmark: _Toc90285415][bookmark: _Toc90314656][bookmark: _Toc92179507][bookmark: _Toc92184980][bookmark: _Toc92188104][bookmark: _Toc92785286][bookmark: _Toc92809899][bookmark: _Toc67986554][bookmark: _Toc68076649][bookmark: _Toc68076712][bookmark: _Toc68076747][bookmark: _Toc68164587][bookmark: _Toc68184041][bookmark: _Toc68202236][bookmark: _Toc68202327][bookmark: _Toc68202802][bookmark: _Toc90285168][bookmark: _Toc90285206][bookmark: _Toc90285256][bookmark: _Toc90285416][bookmark: _Toc90314657][bookmark: _Toc92179508][bookmark: _Toc92184981][bookmark: _Toc92188105][bookmark: _Toc92785287][bookmark: _Toc92809900][bookmark: _Toc90285169][bookmark: _Toc90285207][bookmark: _Toc90285257][bookmark: _Toc90285417][bookmark: _Toc90314658][bookmark: _Toc92179509][bookmark: _Toc92184982][bookmark: _Toc92188106][bookmark: _Toc92785288][bookmark: _Toc92809901][bookmark: _Toc90285170][bookmark: _Toc90285208][bookmark: _Toc90285258][bookmark: _Toc90285418][bookmark: _Toc90314659][bookmark: _Toc92179510][bookmark: _Toc92184983][bookmark: _Toc92188107][bookmark: _Toc92785289][bookmark: _Toc92809902][bookmark: _Toc90285171][bookmark: _Toc90285209][bookmark: _Toc90285259][bookmark: _Toc90285419][bookmark: _Toc90314660][bookmark: _Toc92179511][bookmark: _Toc92184984][bookmark: _Toc92188108][bookmark: _Toc92785290][bookmark: _Toc92809903][bookmark: _Toc90285172][bookmark: _Toc90285210][bookmark: _Toc90285260][bookmark: _Toc90285420][bookmark: _Toc90314661][bookmark: _Toc92179512][bookmark: _Toc92184985][bookmark: _Toc92188109][bookmark: _Toc92785291][bookmark: _Toc92809904][bookmark: _Hlk67296619][bookmark: _Toc92819131]RAN1 to agree to modify the sentence in CR 37.213, clause 4.4 to the following-
[bookmark: _Toc92819132][The spatial domain filter for sensing beam(s) during the sensing slot duration at the gNB, or at a UE when the UE does not indicate a capability for beam correspondence without the uplink beam sweeping, or at a UE when the UE uses a different beam for sensing than the beam used for transmission, covers relates to the transmission beam(s) of the intended transmission(s) within the channel occupancy according to [RAN4 reference].]
[bookmark: _Toc92819133]Editor’s note: Definition of “cover” Where [RAN4 reference] is pending RAN4 LS response. 

In addition, for the agreement when UE indicates a capability for beam correspondence with beamCorrespondenceWithoutUL-BeamSweeping ={1}, the essence was captured in the TS 38.214 CR[12] as follows CR 38.214
A UE that has indicated a capability beamCorrespondenceWithoutUL-BeamSweeping set to ‘1’, as described in [18, TS 38.822], can determine a spatial domain filter to be used while performing the applicable channel access procedures described in [16, TS 37.213] to transmit a UL transmission on the channel as follows:
-     if UE is indicated with an SRI corresponding to the UL transmission, the UE may use a spatial domain filter that is same as the spatial domain transmission filter associated with the indicated SRI,
-     if UE is configured with TCI-State configurations with [tci-StateId_r17] corresponding to UL transmission,and the UE is indicated a TCI state corresponding to the UL transmission, the UE may use a spatial domain filter that is same as the spatial domain receive filter the UE may use to receive the DL reference signal associated with the indicated TCI state.



It is inaccurate to reference 38.822 which is a TR and not a TS. In addition, 38.822 is not maintained (under change control) compared to 38.306 which is the “official” TS for UE capabilities. Therefore, we propose to refer 38.306 instead of 38.822
Furthermore, it is ambiguous the way it is drafted and hence we propose to clarify the sentence to ensure this is done prior to an UL transmission. Therefore, we propose the following change. 
[bookmark: _Toc92819134]RAN1 to agree to modify the sentence in CR 38.214 to the following- 
[bookmark: _Toc92819135][A UE that has indicated a capability beamCorrespondenceWithoutUL-BeamSweeping set to ‘1’, as described in [X, TS 38.306], can determine a spatial domain filter to be used while performing the applicable channel access procedures described in [16, TS 37.213] prior to transmit a UL transmission on the channel as follows:]

[bookmark: _Toc71556332][bookmark: _Toc71556653][bookmark: _Toc71556333][bookmark: _Toc71556654][bookmark: _Toc66977638][bookmark: _Toc66977783][bookmark: _Toc66977819][bookmark: _Toc66977855][bookmark: _Toc67541255][bookmark: _Toc67541291][bookmark: _Toc67541327][bookmark: _Toc67541388][bookmark: _Toc67541434][bookmark: _Toc67541684][bookmark: _Toc71556334][bookmark: _Toc71556655][bookmark: _Hlk67063939][bookmark: _Toc92819171]3.1.1 	Multi-beam COT
[bookmark: _Hlk67297100]The following agreement on supporting TDM and SDM transmissions was agreed in RAN1-107e[13].Agreement
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
Within a COT with TDM of beams with beam switching, at least support Alt 1
· Alt 1 (from previous agreement): Single LBT sensing with wide beam ‘cover’ all beams to be used in the COT 
Agreement
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


We note that Alt 1 with “wide beam” or a single beam at the beginning of COT is applicable both to TDM and SDM beams, and is the simpler solution. Alt2 and Alt3 are allowed if the node can do it and there is no requirement on it. However, there are still some holes in the spec if Alt2 and Alt3 are allowed without changing the current CR 37.213[3]. 
Regarding Alt 2 for SDM and TDM transmissions, there are a lot of issues pending and that need to be clarified.  Firstly, for example, it is not clear to us how the Type 1 channel access may be applied using Alt 2. If Type1 channel access is performed independently per beam as indicated in the spec CR 37.213 (highlighted below), channel corresponding to different beams may be acquired at different times due to different N_init values. In our opinion, this is not allowed and was not agreed in RAN1. Moreover, we have a conclusion that we don’t support per beam LBT indication. This can be extrapolated to say that per-beam LBT procedure with individual per-beam COT (i.e., multiple LBT procedures with independent N_init and MCOT per beam) itself is not supported. In our opinion, there is no need to complicate channel access mechanism by having multiple LBT procedures for multiple beam directions. EN 302 567 does not define it, neither should 3GPP do that.37.213 CR post RAN1 #107-e, 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:
· 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. 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. 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. 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.
Conclusion:
There is no consensus to support per beam LBT mode or no-LBT mode UE specific gNB indication.




Therefore, we think that even for Alt2 in the above agreements, the intention was not to perform separate LBT procedures with independent N_init values per beam. Therefore, the N_init values in Type 1 channel access needs to be the same for multiple sensing beams. 
Secondly, the behaviour of the Type 1 channel access mechanism for per-beam LBT is not clear, if the channel access deems that the channel is busy in one of the beams, or interruption in decrementing N due to sensing a busy channel during the sensing procedure results in N reaching 0 at different times for different sensing beams, especially in SDM transmissions. This poses a problem for transmitting the beams at the desired transmit slot. We think that this needs to be clarified or specified in the spec. We have two alternatives to solve this issue: 
· Alt A: Drop only the transmissions in the beam directions where the channel was deemed to be busy and proceed with transmissions corresponding to other beams 
· Alt B: Drop all the beam transmissions 

In our opinion, Alt A is not preferable for the following reasons: i) from coexistence perspective, if LBT is really needed, Alt A could improve spatial reuse, but could cause coexistence issues since the failed LBT beam(s) and the passed LBT beam(s) could be largely overlapped, ii) from practical perspective, Alt A would require the transmitter to drop some scheduled/prepared packets in the failed LBT beam(s), which could increase the delay and buffer at the transmitter, iii) dropping of such scheduled beams/packets for UL transmissions would require large specification impacts on handling the receiving of the packets with some scheduled beams missing. On the other hand, Alt B is simple and does not need any modifications to the behavior of Type 1 channel access mechanism. Moreover, Alt B is more aligned with the UL behavior in rel-16, where the UE only transmits if it passes the LBT in all scheduled RB sets. 
Moreover, in multiple beam transmissions, a sensing beam need not necessarily cover exactly one transmission beam. There can be an implementation case where a sensing beam covers multiple transmission beams with multiple such sensing beams. The alternatives Alt2 and 3 discussed for TDM are implementation choices and hence, there is no need to restrict it to one type of implementation. By doing this, we have two options for sensing: one with a single sensing beam and other with multiple sensing beams. Therefore, we propose to modify the specification text accordingly. We also note that the third sub-bullet point for TDM transmissions are positioned with decreased indent in the 37.213 CR and hence we also position them correctly in the proposed text. 
[bookmark: _Toc92819136]RAN1 to agree that only a single Type 1 channel access mechanism (or same N_init for all the applicable sensing) is initiated for multi-beam COTs when the gNB/UE can perform simultaneous sensing in different beams.
[bookmark: _Toc92819137][bookmark: _Toc90285178][bookmark: _Toc90285216][bookmark: _Toc90285266][bookmark: _Toc90285179][bookmark: _Toc90285217][bookmark: _Toc90285267][bookmark: _Toc90285180][bookmark: _Toc90285218][bookmark: _Toc90285268][bookmark: _Toc90285181][bookmark: _Toc90285219][bookmark: _Toc90285269][bookmark: _Toc90285182][bookmark: _Toc90285220][bookmark: _Toc90285270]RAN1 to agree that for simultaneous per-beam LBT in a multi-beam COT, if the channel is failed to be accessed for any sensing beam, all the beam transmission(s) is/are dropped during the channel occupancy.
[bookmark: _Toc92819138]Considering above two proposals, following changes highlighted in yellow with some pats of the text struck through are proposed for 37.213
[bookmark: _Toc92819139][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:
· [bookmark: _Toc92819140]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.
· [bookmark: _Toc92819141]A single 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 using multiple sensing beams 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. If the channel is failed to be accessed for any sensing beam, the channel access is deemed to have failed for all the sensing beams.  
[bookmark: _Toc92819142]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:
· [bookmark: _Toc92819143]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.
· [bookmark: _Toc92819144]When the gNB/UE can perform simultaneous sensing in different beams, a single Type 1 channel access procedure as described in Clause 4.4.1 is applied before the start of the channel occupancy per sensing beam using multiple sensing beams where each sensing beam covers a transmission beam within the channel occupancy. 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. If the channel is failed to be accessed for any sensing beam, the channel access is deemed to have failed for all the sensing beams.
· [bookmark: _Toc92819145]When the gNB/UE can perform simultaneous sensing in different beams, a single Type 1 channel access procedure as described in Clause 4.4.1 is applied before the start of the channel occupancy using multiple sensing beams per sensing beam where each sensing beam covers a transmission beam within the channel occupancy. 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.]

[bookmark: _Toc71556342][bookmark: _Toc71556663][bookmark: _Toc71556980][bookmark: _Toc31715078][bookmark: _Toc92819172]3.2	Enhancements on L3-RSSI measurement
[bookmark: _Toc71556296][bookmark: _Toc71556620][bookmark: _Toc71556946][bookmark: _Toc71624198][bookmark: _Toc71624285][bookmark: _Toc71624319][bookmark: _Toc71624352][bookmark: _Toc71630279][bookmark: _Toc67541984][bookmark: _Toc67596451][bookmark: _Toc67928122][bookmark: _Toc67986594][bookmark: _Toc68076689][bookmark: _Toc68077224][bookmark: _Toc68184142][bookmark: _Toc68202274][bookmark: _Toc68202457][bookmark: _Toc61520121][bookmark: _Toc61520122]RSSI and Channel Occupancy (CO) measurement was introduced in Rel-16 for NR-U. RSSI and channel occupancy measurements are performed within RMTC which is configured for the UE via RRC, measured as the linear average of the total received observed per configured duration and channel bandwidth. Higher layers configure the centre frequency (rmtc-Frequency), the reference numerology and the measurement duration (i.e., which OFDM symbol(s) should be measured by the UE). The measurement channel bandwidth is specified in TS 37.213. The ASN.1 code below shows the RSSI and CO measurement configuration defined in TS 38.331 (V16.4.1).
RMTC-Config-r16 ::=                 SEQUENCE {
    rmtc-Periodicity-r16                ENUMERATED {ms40, ms80, ms160, ms320, ms640},
    rmtc-SubframeOffset-r16             INTEGER(0..639)                                                 OPTIONAL,   -- Need M
    measDurationSymbols-r16             ENUMERATED {sym1, sym14or12, sym28or24, sym42or36, sym70or60},
    rmtc-Frequency-r16                  ARFCN-ValueNR,
    ref-SCS-CP-r16                      ENUMERATED {kHz15, kHz30, kHz60-NCP, kHz60-ECP},
    ...
}

In RAN1#106bis-e[11] it was agreed that L3-RSSI measurement should be extended to FR2-2.
	Agreement:
Support extending Rel.16 L3-RSSI to unlicensed operation in FR2-2
· Introduce RRC configuration for reference SCS, measurement duration, and measurement bandwidth
· Extend the reference SCS/CP field (ref-SCS-CP-r16) and measurement duration field (measDurationSymbols-r16) in RMTC-Config
· FFS value range and valid combinations for ref-SCS-CP-r16 and measDurationSymbols-r16
· Introduce parameter in RMTC-Config to indicate the measurement bandwidth
· FFS: Value range for measurement bandwidth
· For the QCL Type-D of L3-RSSI measurement, down-select one or both of the following alternatives
· Alt 1: gNB configures the beam when configures the L3-RSSI measurement
· Alt 2: Use the QCL type-D of the latest received PDSCH and the latest monitored CORESET



During RAN1#107-e, reference SCS and CP indication, measurement bandwidth indication and beam indication for L3-RSSI measurement were extensively discussed, which unfortunately didn’t lead to any consolidated conclusion. In this discussion we continue to provide our view on the aforementioned enhancements on RMTC-Config.

[bookmark: _Toc92819173]3.2.1	Enhancement on Ref-SCS-CP
Ref-SCS-CP in RMTC-Config is used to indicate a reference subcarrier spacing and cyclic prefix for measDurationSymbols in RMTC-Config, which is the number of consecutive symbols for which the Physical Layer reports samples of RSSI. It is observed that the current RSSI and CO measurement doesn’t support the SCSs for FR2 (i.e., 120 kHz) and the extended SCSs for FR 2-2 (i.e., 480 and 960 kHz). In FL summary from RAN1#107-e on channel access mechanism[13], the following proposal was made:
	Proposal 2.6.1-5: 
Regarding reference SCS/CP field (ref-SCS-CP-r16) down-select from the two alternatives
· Alt 1: Extend the reference SCS/CP field (ref-SCS-CP-r16) to include 120KHz, 480 KHz and 960KHz subcarrier spacing.
· Alt 2:  Extend the reference SCS/CP field (ref-SCS-CP-r16) to include 120KHz only




In our view, to support L3-RSSI measurement in FR 2-2, it is a natural and straightforward solution to extend ref-SCS-CP in RMTC-Config to include 120, 480 and 960 kHz SCSs (i.e., Alt-1). Alt-2 requires an additional step to convert the measurement duration indicated with the reference SCS (i.e., 120 kHz) to the actual SCS in operation, which is unnecessary.
[bookmark: _Toc92819146]RAN1 to support RSSI and CO measurement in FR2-2, the current ref-SCS-CP in RMTC-Config in Rel-16 is extended to include 120, 480 and 960 kHz SCS (i.e., Alt-1).

[bookmark: _Toc92819174]3.2.2	Enhancement on measurement bandwidth
In order for the gNB to be able to correctly interpret RSSI and CO measurement results from a UE there needs to be common understanding between gNB and each UE on the bandwidth over which the RSSI measurement is performed. For NR unlicensed operation in 5/6 GHz, a unique channel bandwidth for RSSI measurement is specified in TS 37.213 as a contiguous set of resource blocks (RBs) on which a channel access procedure is performed, which is determined by relevant regional regulations. Hence explicit bandwidth configuration is not needed. However, for NR unlicensed operation in the spectrum beyond 52.6 GHz, regulatory definition of channel access bandwidth doesn’t exist. Therefore, there needs to be a way to inform the UE about the channel bandwidth for RSSI measurement.
The following proposal was made in the previous meeting for measurement bandwidth indication for L3-RSSI measurement in FR2-2:
	Proposal 2.6.1-7: 
Introduce new parameter in RMTC-Config for L3-RSSI to indicate measurement bandwidth.
· FFS: channel bandwidths should include the maximum and the minimum channel bandwidth and the intermediate channel bandwidths defined by RAN4.
Alternative proposal: Always use sensing bandwidth: 



The primary proposal above suggests to introduce a new field in RMTC-Config to indicate the channel bandwidth for L3-RSSI measurement. The RSSI measurement bandwidth can be indicated by an index pointing to an entry in a list of candidate channel bandwidths defined by RAN4 or directly indicated by an enumerated number from the list. The channel bandwidth indicator, together with the existing center frequency (rmtc-Frequency), explicitly provides a complete frequency domain configuration for RSSI measurement. In our view, this solution provides sufficient configuration flexibility with simple RRC configuration extension.
On the other hand, the alternative proposal of always using the sensing bandwidth for L3-RSSI measurement is too restrictive in the sense that it effectively prohibits gNB from indicating the most suitable channel bandwidth for RSSI measurement on the serving carrier and from indicating the UE to probe a channel on a different frequency with a different bandwidth. Moreover, for operation without LBT where sensing bandwidth is not defined, it is not clear to us how to specify the RSSI measurement bandwidth.
[bookmark: _Hlk86135339][bookmark: _Toc92819147]RAN1 to support RSSI and CO measurement in FR2-2, the current RMTC-Config in Rel-16 is extended to include an indication of channel bandwidth for RSSI measurement. The enumeration of channel bandwidths should include the maximum and the minimum channel bandwidth and the intermediate channel bandwidths defined by RAN4.

[bookmark: _Toc92819175]3.2.3	Receive beam for RSSI measurement
Another open issue for supporting RSSI and CO measurement in FR2-2 is how UE should setup its spatial reception parameter (i.e., receive beam) for the measurement. The following proposal was summarized in the last meeting:
	Proposal: 2.6.1-4a
For the QCL Type-D of L3-RSSI measurement for unlicensed operation in FR2-2., down-select one or both of the following alternatives
· Alt 1: gNB configures the beam when configures the L3-RSSI measurement by introducing TCI-State IE in RMTC-Config
· A dynamic update mechanism for TCI-State in RMTC-Config is not further considered in Rel.17
· Alt 2: Use the QCL type-D of the latest received PDSCH and the latest monitored CORESET
· Support both Alt 1 and Alt 2. If explicit beam/TCI state is configured, use Alt 1. Otherwise use Alt 2.



[bookmark: _Hlk89857040]RSSI and CO measurement is configured to UEs in connected mode to probe persistent interference from other networks in the close vicinity that severely affects their downlink performance. In FR 2-2 where directional reception is most likely employed by UEs in connected mode, the receive beam for receiving downlink channels should be used for RSSI measurement, so that the measurement result can effectively reflect the interference level experienced by the UE. In this regard, it is sufficient that the beam for RSSI measurement should just “follow” the latest serving beam. We don’t see any benefit for gNB to explicitly indicate receive beam for RSSI measurement in the RSSI measurement configuration.
Alt-1 proposes to introduce a TCI-state IE in RMTC-Config to explicitly indicate RX beam for RSSI measurement. The proponent companies claim that this alternative provides better configuration flexibility, which we don’t agree to.
In the current specs the gNB configures a UE in connected mode with a list of TCI states in PDSCH-config. A TCI state includes two QCL info each referring to a DL RS (CSI-RS or SSB) in a specific cell and BWP (see the ASN.1 code below). A TCI state indicates to the UE the QCL assumption and, in case of FR2, the RX beam to receive a DL channel or signal.
TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                                                    OPTIONAL,   -- Need R
    ...
}

QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex                                               OPTIONAL,   -- Need R
    bwp-Id                              BWP-Id                                                      OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}

First of all, if a TCI state is introduced in RMTC-Config to explicitly indicate RSSI measurement beam, it is desirable that an update mechanism is also introduced, so that the TCI state can be updated when the UE moves around in the cell. However, in the FL summary from the last meeting it is stated that “a dynamic update mechanism for TCI-State in RMTC-Config is not further considered in Rel.17”. Therefore, our interpretation is that the TCI state in RMTC-Config can only be updated by RRC signalling. I.e., the UE needs to be configured with a new RMTC-Config every time when the RSSI measurement beam needs to be updated. From the discussion on beam management since NR in Rel-15, it is the common consensus that beam re-configuration via RRC signalling is highly undesirable, mainly because control plane signalling is typically scheduled with high priority, and large control plane overhead (considering many UEs) can swamp out useful data transmissions in the extreme. Furthermore, comparing to the TCI state update for PDCCH and PDSCH reception that is done by L1 (DCI) or L2 (MAC-CE) signalling, TCI state update for RSSI measurement relying on RRC signalling is much slower, which might lead to inconsistent TCI states configuration between RSSI measurement and DL channel reception during the transition period.
Moreover, for L3-RSSI measurement in FR2-2, the proposed TCI-state IE in RMTC-Config would have to point to one of the TCI states in PDSCH-Config. Our first question to the proponent companies of Alt-1 is, for RSSI measurement on the same frequency (intra-frequency) as the serving cell, what receive beam the gNB may explicitly indicate to the UE? Shouldn’t the TCI state just point to the current serving beam so that the UE can use the same receive beam as for receiving downlink channels for RSSI measurement? What is the point to introduce an explicit TCI-state IE in RMTC-Config for this case of intra-frequency RSSI measurement?
Some proponent companies of Alt-1 argue that the explicit TCI state is needed for inter-frequency RSSI measurement. If a cell has been found and beam management has been established on the second frequency (i.e., the UE has acquired the SSB and measured the beams on that frequency and established its internal mapping between DL RSs and receive beams), it is possible to select one of the configured TCI states for RSSI measurement on that frequency. However, in the context of inter-frequency RSSI measurement, very often such pre-requisite isn’t met. Then our second question to the proponent companies of Alt-1 is that, how should the gNB configure the proposed TCI-state IE in RMTC-Config for inter-frequency RSSI measurement if cell has NOT been found and beam management on that frequency has NOT been established?
In our view, for intra-frequency RSSI measurement, it is sufficient that the UE RSSI measurement beam follows the most recent receive beam for receiving downlink channels. For inter-frequency measurement, the UE can still use the same receive beam as used for receiving downlink channels on the serving frequency, which is probably the best the UE can do when beam tracking information is not available on a new frequency.
[bookmark: _Hlk86135361][bookmark: _Toc92819148]RAN1 to conclude that for L3-RSSI in FR2-2, UE can assume the configured RSSI measurement resources are QCL-ed with Type-D to either the latest received PDSCH or the latest monitored CORESET (i.e., Alt-2).
[bookmark: _Toc92819176]3.3	 COT sharing 
The following was agreed in RAN1# 106-e[9] and a corresponding spec text was added in 37.213 CR.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
37.213 CR:
4.4.4	Channel access procedures in a shared channel occupancy
If a gNB/UE initiates a channel occupancy using the channel access procedures described in clause 4.4.1 on a channel, the gNB/UE may transmit a DL/UL transmission(s) that is followed by a UL/DL transmission(s) within the maximum Channel Occupancy Time described in Clause 4.4.1. In this case, the following are applicable to the UL/DL transmission(s):
-	regardless of the duration of the gap between the UL/DL transmission(s) and previous DL/UL transmission(s) on the channel, the UL/DL transmission(s) occurs following the procedures described in Clause 4.4.3; or
-	if the gap between the UL/DL transmission(s) and previous DL/UL transmission(s) on the channel is more than a threshold that is determined by the gNB and is at least , the UL/DL transmission(s) occurs following the procedures described in Clause 4.4.2. Otherwise, the UL/DL transmission(s) occurs following the procedures described in Clause 4.4.3.




The above specification text in 37.213 is not clear as it does not provide conditions on which method needs to be used by the gNB and UE. We propose to modify the text in accordance with the agreement. Although both the methods in the agreement can be used, it must be added that Alt 3 is needed only in certain regions where sensing is needed. Furthermore, even in Alt 3 it does not signify that only Type 2 Channel access needs to be implemented. As the note in the agreement suggests, the gNB may indicate type 1 LBT if the UE does not support type 2 LBT. Therefore, we propose the following. 

[bookmark: _Toc92179524][bookmark: _Toc92184997][bookmark: _Toc92188121][bookmark: _Toc92785303][bookmark: _Toc92809916][bookmark: _Toc92819149][bookmark: _Toc90285226][bookmark: _Toc90285276][bookmark: _Toc90285430][bookmark: _Toc90314671]RAN1 to agree to modify the text in clause 4.4.4 in the CR 37.213 to the following including the text highlighted in yellow- 
[bookmark: _Toc92819150][If a gNB/UE initiates a channel occupancy using the channel access procedures described in clause 4.4.1 on a channel, the gNB/UE may transmit a DL/UL transmission(s) that is followed by a UL/DL transmission(s) within the maximum Channel Occupancy Time described in Clause 4.4.1. In this case, the following are applicable to the UL/DL transmission(s):
[bookmark: _Toc92819151]-	for regions where there are no local regulatory requirements to perform sensing before each transmission in a shared channel occupancy
· [bookmark: _Toc92819152]regardless of the duration of the gap between the UL/DL transmission(s) and previous DL/UL transmission(s) on the channel, the UL/DL transmission(s) occurs following the procedures described in Clause 4.4.3; or 
· [bookmark: _Toc92819153]the UL transmission(s) occurs following the channel access procedure indicated by the scheduling DCI 
[bookmark: _Toc92819154]-	for regions where there are local regulatory requirements to perform sensing before each transmission in a shared channel occupancy
· [bookmark: _Toc92819155]if the gap between the UL/DL transmission(s) and previous DL/UL transmission(s) on the channel is more than a threshold that is determined by the gNB and is at least , the UL/DL transmission(s) occurs following the procedures described in Clause 4.4.2. Otherwise, the UL/DL transmission(s) occurs following the procedures described in Clause 4.4.3.]
[bookmark: _Toc90285227][bookmark: _Toc90285277][bookmark: _Toc90285431][bookmark: _Toc90314672][bookmark: _Toc90285228][bookmark: _Toc90285278][bookmark: _Toc90285432][bookmark: _Toc90314673][bookmark: _Toc90285229][bookmark: _Toc90285279][bookmark: _Toc90285433][bookmark: _Toc90314674][bookmark: _Toc90285230][bookmark: _Toc90285280][bookmark: _Toc90285434][bookmark: _Toc90314675][bookmark: _Toc90285231][bookmark: _Toc90285281][bookmark: _Toc90285435][bookmark: _Toc90314676]
[bookmark: _Toc92819177]3.3.1	LBT indication in DCI
In RAN1 107-e[13] there was an agreement for the table to be included in 38.212 spec for indication of LBT in the non-fallback DCIs but we could not agree for the fallback DCIs on the proposal shown below.   Agreement
For Non-Fallback DCI formats, for FR2-2 operation, for the configuration of the ChannelAccess-CPext field in DCI to indicate the channel access type only, new tables are introduced indicating channel access types for FR2-2, with entries “Type 1 channel access in 4.4.1 of 37.213”, “Type 2 channel access in 4.4.2 of 37.213” and “Type 3 channel access in 4.4.3 of 37.213”.
Proposal 2.4.2-1:
For fallback DCI formats 0_0 and 1_0, for FR2-2 operation, the ChannelAccess-Cpext field in DCI indicates the channel access type only. 
· Option 1: A new table similar to Table 7.3.1.1.1-4 is introduced with entries “Type 1 channel access in 4.4.1 of 37.213”, “Type 2 channel access in 4.4.2 of 37.213” and “Type 3 channel access in 4.4.3 of 37.213”, and “reserved”.
· Note: This option requires 2 bis in fallback DCI
· For a UE not capable of supporting Type 2 LBT, an indication for Type 2 LBT for UL transmission will be treated as an indicate for Type 1 LBT
· Support: Lenovo, Qualcomm, Futurewei, Intel, LGE, Oppo, DCM, vivo, ZTE, HW, Transsion, CATT, Convida
· Option 2: A new table similar to Table 7.3.1.1.1-4 is introduced with entries “Type 1 channel access in 4.4.1 of 37.213” and “Type 3 channel access in 4.4.3 of 37.213”.
· Note: This option requires 1 bit in fallback DCI. This option also implies in Japan, fallback DCI cannot be used to schedule UL transmission with Type 2 LBT
· Support: Samsung, Apple, Ericsson, TCL, Nokia




We think that the fallback DCI formats should not include the Type 2 channel access (CAT2 LBT) as it is only supported as an optional UE feature. Moreover, main use cases for fallback DCIs are for transmissions before RRC configuration, where UE features are not reported yet. Therefore, the gNB cannot indicate CAT2 LBT if the gNB does not know whether the UE supports the feature. And hence there seems very little motivation to include it in fallback DCI when CAT2 LBT is only optional and helps only as an optimization feature. Conventionally, fallback DCI is not used for optimized features to reduce the DCI overhead. Therefore, it may be better to just signal 1 bit (option 2) and indicating whether sensing is needed or not and use Non-fallback DCIs to indicate which type of LBT is used.
[bookmark: _Toc92179533][bookmark: _Toc92185006][bookmark: _Toc92188130][bookmark: _Toc92785312][bookmark: _Toc92809925][bookmark: _Toc92179534][bookmark: _Toc92185007][bookmark: _Toc92188131][bookmark: _Toc92785313][bookmark: _Toc92809926][bookmark: _Toc92179535][bookmark: _Toc92185008][bookmark: _Toc92188132][bookmark: _Toc92785314][bookmark: _Toc92809927][bookmark: _Toc92179536][bookmark: _Toc92185009][bookmark: _Toc92188133][bookmark: _Toc92785315][bookmark: _Toc92809928][bookmark: _Toc92179537][bookmark: _Toc92185010][bookmark: _Toc92188134][bookmark: _Toc92785316][bookmark: _Toc92809929][bookmark: _Toc92179538][bookmark: _Toc92185011][bookmark: _Toc92188135][bookmark: _Toc92785317][bookmark: _Toc92809930][bookmark: _Toc92179539][bookmark: _Toc92185012][bookmark: _Toc92188136][bookmark: _Toc92785318][bookmark: _Toc92809931][bookmark: _Toc92179540][bookmark: _Toc92185013][bookmark: _Toc92188137][bookmark: _Toc92785319][bookmark: _Toc92809932][bookmark: _Toc92179541][bookmark: _Toc92185014][bookmark: _Toc92188138][bookmark: _Toc92785320][bookmark: _Toc92809933][bookmark: _Toc92179542][bookmark: _Toc92185015][bookmark: _Toc92188139][bookmark: _Toc92785321][bookmark: _Toc92809934][bookmark: _Toc92179543][bookmark: _Toc92185016][bookmark: _Toc92188140][bookmark: _Toc92785322][bookmark: _Toc92809935][bookmark: _Toc92179544][bookmark: _Toc92185017][bookmark: _Toc92188141][bookmark: _Toc92785323][bookmark: _Toc92809936][bookmark: _Toc92179545][bookmark: _Toc92185018][bookmark: _Toc92188142][bookmark: _Toc92785324][bookmark: _Toc92809937][bookmark: _Toc92179546][bookmark: _Toc92185019][bookmark: _Toc92188143][bookmark: _Toc92785325][bookmark: _Toc92809938][bookmark: _Toc92179547][bookmark: _Toc92185020][bookmark: _Toc92188144][bookmark: _Toc92785326][bookmark: _Toc92809939][bookmark: _Toc92179548][bookmark: _Toc92185021][bookmark: _Toc92188145][bookmark: _Toc92785327][bookmark: _Toc92809940][bookmark: _Toc92179549][bookmark: _Toc92185022][bookmark: _Toc92188146][bookmark: _Toc92785328][bookmark: _Toc92809941][bookmark: _Toc92179550][bookmark: _Toc92185023][bookmark: _Toc92188147][bookmark: _Toc92785329][bookmark: _Toc92809942][bookmark: _Toc92179551][bookmark: _Toc92185024][bookmark: _Toc92188148][bookmark: _Toc92785330][bookmark: _Toc92809943][bookmark: _Toc90314678][bookmark: _Toc92179552][bookmark: _Toc92185025][bookmark: _Toc92188149][bookmark: _Toc92785331][bookmark: _Toc92809944][bookmark: _Toc92819156]For LBT indication in Fallback DCI formats support Option 2 in Proposal 2.4.2-1.

[bookmark: _Toc92819178]3.3.2	Consecutive scheduled UL transmissions in a gNB-initiated COT
[bookmark: _Toc46307406][bookmark: _Toc47530184]In a gNB-initiated COT, if a UE is scheduled with a DCI indication to perform LBT and transmit a set of consecutive UL transmissions there needs to be clarifications on the UE behavior. Rel-16 could be used as a baseline and in the following, we highlight various use cases that may be pertinent to Rel-17.
1. 	For regions where sensing is required before all transmissions, for example in Japan, the LBT indicated in the DCI needs to be performed for all the UL transmissions in the set. 
2. For regions where sensing is not required before all transmissions but if a UE is scheduled to transmit a set of consecutive UL transmissions with or without gaps including PUSCH using one or more UL grant(s), PUCCH using one or more DL grant(s), or SRS with one or more DL grant(s) or UL grant(s), the UE may continue transmission of the remaining UL transmissions in the set without LBT, if any. It can be noted that the indication in DCI can also be no LBT which will cover all the cases under this assumption.
[bookmark: _Toc92819162]UE behavior for consecutive scheduled UL transmissions in a gNB-initiated COT needs further clarifications
[bookmark: _Toc92819157]For regions where sensing is not required before every transmission, if a UE is scheduled to transmit a set of consecutive UL transmissions with or without gaps including PUSCH  using one or more UL grant(s), PUCCH using one or more DL grant(s), or SRS with one or more DL grant(s) or UL grant(s) and the UE transmits the first of the scheduled UL transmissions in the set after accessing the channel using the LBT indicated in the DCI, the UE may continue transmission of the remaining UL transmissions in the set without any LBT.

[bookmark: _Toc92819179]3.3.3 	UE-initiated COT sharing
Regarding UE-initiated COT, the following conclusion and agreements were made during RAN1 #107-e[13]. Conclusion
UL to DL COT sharing is supported for FR2-2 unlicensed operation, including from dynamically scheduled UL and CG-PUSCH. 
Agreement
For CG-PUSCH to DL COT sharing, extend the duration and offset range to {1, …, 319}.
Agreement
For UE initiated COT, for EDT determination at the initiating device (UE), the Pout of the responding device (gNB) is not considered



However, for the case where a gNB shares a channel occupancy initiated by a UE, the procedures for DL transmissions are not clear. The following highlights some scenarios that need to be supported in Rel -17. 
1. For regions where sensing is required before all transmissions, for example in Japan, LBT needs to be performed. 
2. For regions where sensing is not required before all transmissions and gNB shares a channel occupancy initiated by a UE with a UL transmission on scheduled resources or a PUSCH transmission on configured resources by the UE after a gap, the gNB may transmit a DL transmission that follows the UL transmissions without any LBT. 
Based on the above, we propose the following:
[bookmark: _Toc92819158]For regions where sensing is not required before every transmission, and gNB shares a channel occupancy initiated by a UE with a UL transmission on scheduled resources or a PUSCH transmission on configured resources, the gNB may transmit a DL transmission that follows the UL transmissions without any LBT.
[bookmark: _Toc92819159]In regions where sensing is required before all transmissions, for DL transmissions in a UE-initiated COT, the gNB may choose Type 1 channel access or Type 2 channel access based on implementation. 

[bookmark: _Toc92819180]4	Conclusion
[bookmark: _Hlk67039075]In this contribution, we first discuss changes needed to the baseline LBT mechanism and its implications in the specifications 37.213 and 38.214 to make Rel-17 functional. Finally, we discuss a few additional enhancements that needs to be incorporated into the specifications to complete NR operation in 52.6 GHz to 71 GHz. The following observations can be drawn:
Observation 1	RAN4 channel bandwidth/Carrier bandwidth is different from RAN1 channel bandwidth
Observation 2	RAN1 channel bandwidth is the bandwidth of the “channel” defined in 37.213.
Observation 3	UE behavior for consecutive scheduled UL transmissions in a gNB-initiated COT needs further clarifications

Based on the extensive analysis and observations provide in this contribution, we propose
Proposal 1	RAN1 to conclude that BW is the bandwidth of the “channel” defined in 37.213 clause 4.0 and hence modify the spec. text in 37.213 CR clause 4.4.7 as follows
[ is the [channel bandwidth or bandwidth part bandwidth] in MHz.]
Proposal 2	RAN1 to conclude that for short control signalling transmissions from UEs, the requirement of 10ms over 100ms duration is applicable to transmissions from a single UE perspective (Alt2 in the agreement)
Proposal 3	RAN1 to agree that the use of LBT for contention exempt transmissions is indicated in SIB1. The type of LBT (CAT3 or CAT2 LBT) to be used can be left for implementation and depending on the UE feature.
Proposal 4	RAN1 to agree to modify the sentence in CR 37.213, clause 4.4 to the following-
[The spatial domain filter for sensing beam(s) during the sensing slot duration at the gNB, or at a UE when the UE does not indicate a capability for beam correspondence without the uplink beam sweeping, or at a UE when the UE uses a different beam for sensing than the beam used for transmission, covers relates to the transmission beam(s) of the intended transmission(s) within the channel occupancy according to [RAN4 reference].]
Editor’s note: Definition of “cover” Where [RAN4 reference] is pending RAN4 LS response.
Proposal 5	RAN1 to agree to modify the sentence in CR 38.214 to the following-
[A UE that has indicated a capability beamCorrespondenceWithoutUL-BeamSweeping set to ‘1’, as described in [X, TS 38.306], can determine a spatial domain filter to be used while performing the applicable channel access procedures described in [16, TS 37.213] prior to transmit a UL transmission on the channel as follows:]
Proposal 6	RAN1 to agree that only a single Type 1 channel access mechanism (or same N_init for all the applicable sensing) is initiated for multi-beam COTs when the gNB/UE can perform simultaneous sensing in different beams.
Proposal 7	RAN1 to agree that for simultaneous per-beam LBT in a multi-beam COT, if the channel is failed to be accessed for any sensing beam, all the beam transmission(s) is/are dropped during the channel occupancy.
Proposal 8	Considering above two proposals, following changes highlighted in yellow with some pats of the text struck through are proposed for 37.213
[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.
-	A single 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 using multiple sensing beams 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. If the channel is failed to be accessed for any sensing beam, the channel access is deemed to have failed for all the sensing beams.
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, a single Type 1 channel access procedure as described in Clause 4.4.1 is applied before the start of the channel occupancy per sensing beam using multiple sensing beams where each sensing beam covers a transmission beam within the channel occupancy. 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. If the channel is failed to be accessed for any sensing beam, the channel access is deemed to have failed for all the sensing beams.
-	When the gNB/UE can perform simultaneous sensing in different beams, a single Type 1 channel access procedure as described in Clause 4.4.1 is applied before the start of the channel occupancy using multiple sensing beams per sensing beam where each sensing beam covers a transmission beam within the channel occupancy. 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.]
Proposal 9	RAN1 to support RSSI and CO measurement in FR2-2, the current ref-SCS-CP in RMTC-Config in Rel-16 is extended to include 120, 480 and 960 kHz SCS (i.e., Alt-1).
Proposal 10	RAN1 to support RSSI and CO measurement in FR2-2, the current RMTC-Config in Rel-16 is extended to include an indication of channel bandwidth for RSSI measurement. The enumeration of channel bandwidths should include the maximum and the minimum channel bandwidth and the intermediate channel bandwidths defined by RAN4.
Proposal 11	RAN1 to conclude that for L3-RSSI in FR2-2, UE can assume the configured RSSI measurement resources are QCL-ed with Type-D to either the latest received PDSCH or the latest monitored CORESET (i.e., Alt-2).
Proposal 12	RAN1 to agree to modify the text in clause 4.4.4 in the CR 37.213 to the following including the text highlighted in yellow-
[If a gNB/UE initiates a channel occupancy using the channel access procedures described in clause 4.4.1 on a channel, the gNB/UE may transmit a DL/UL transmission(s) that is followed by a UL/DL transmission(s) within the maximum Channel Occupancy Time described in Clause 4.4.1. In this case, the following are applicable to the UL/DL transmission(s):
-	for regions where there are no local regulatory requirements to perform sensing before each transmission in a shared channel occupancy
	regardless of the duration of the gap between the UL/DL transmission(s) and previous DL/UL transmission(s) on the channel, the UL/DL transmission(s) occurs following the procedures described in Clause 4.4.3; or
	the UL transmission(s) occurs following the channel access procedure indicated by the scheduling DCI
-	for regions where there are local regulatory requirements to perform sensing before each transmission in a shared channel occupancy
	if the gap between the UL/DL transmission(s) and previous DL/UL transmission(s) on the channel is more than a threshold that is determined by the gNB and is at least , the UL/DL transmission(s) occurs following the procedures described in Clause 4.4.2. Otherwise, the UL/DL transmission(s) occurs following the procedures described in Clause 4.4.3.]
Proposal 13	For LBT indication in Fallback DCI formats support Option 2 in Proposal 2.4.2-1.
Proposal 14	For regions where sensing is not required before every transmission, if a UE is scheduled to transmit a set of consecutive UL transmissions with or without gaps including PUSCH  using one or more UL grant(s), PUCCH using one or more DL grant(s), or SRS with one or more DL grant(s) or UL grant(s) and the UE transmits the first of the scheduled UL transmissions in the set after accessing the channel using the LBT indicated in the DCI, the UE may continue transmission of the remaining UL transmissions in the set without any LBT.
Proposal 15	For regions where sensing is not required before every transmission, and gNB shares a channel occupancy initiated by a UE with a UL transmission on scheduled resources or a PUSCH transmission on configured resources, the gNB may transmit a DL transmission that follows the UL transmissions without any LBT.
Proposal 16	In regions where sensing is required before all transmissions, for DL transmissions in a UE-initiated COT, the gNB may choose Type 1 channel access or Type 2 channel access based on implementation.
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