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[bookmark: _Ref47259910][bookmark: _Ref20730972][bookmark: _Ref16193927][bookmark: _Ref6926730][bookmark: _Ref7107393][bookmark: _Ref521318726][bookmark: _Ref524340861][bookmark: _Ref510774888][bookmark: _Ref3884257]In 3GPP TSG RAN Meeting #86, a new SID on studying the support of NR from 52.6 GHz to 71 GHz (RP-193228) [1] was approved. After completion of this study item, in the 3GPP TSG RAN Meeting #90, a working item (WI) has been approved with the aim to extending NR up to 71 GHz [2]. As part of the objectives of the WI, the following aspects were included:
In this context, during the past RAN1 meetings [3-5], the following agreements were made: 
	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

Agreement:
For LBT for single carrier transmission, consider the following alternatives
· Alt SC.1. gNB/UE performs LBT over the channel bandwidth (or BWP bandwidth)
· Alt SC.2. gNB/UE performs LBT over the transmission bandwidth (from the lowest RB to the highest RB used for the transmission)
· Alt SC.3. Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth
For LBT for multi-carrier transmission in intra-band CA, consider the following alternatives
· Alt CA.1. gNB/UE performs multiple LBT, one for each channel bandwidth separately
· Alt CA.2. gNB/UE performs single LBT over all CCs
· Alt CA.3. gNB/UE performs multiple LBT, one for each CC over the transmission bandwidth (from the lowest RB in to the highest RB used for the transmission in the CC)
· Alt CA.4. gNB/UE performs LBT over the transmission bandwidth over all CCs (from the lowest RB in the lowest CC to the highest RB in the highest CC used for the transmission)
· Alt CA.5. Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth in each CC
Note: supporting more than one alternative for at least multi-carrier transmission in intra-band CA is not precluded.

Agreement:
For energy measurement in 8us deferral period, down-select from the following:
· Alt 1. Two energy measurements are required
· Alt 2. One measurement is required
· Alt 3. Extend the 8us to 10us and perform two measurements, one in each 5us segment
For energy measurement in 5us observation slot, perform single measurement
· FFS minimum duration of the measurement
· FFS location of the measurement

Agreement:
On maximum gap within a COT to allow COT sharing without LBT, down-select from
· Alt 1. No maximum gap defined. A later transmission can share the COT without LBT with any gap within the maximum COT duration
· Alt 2. Define a maximum gap X, such that a later transmission can share the COT without LBT only if the later transmission starts within X from the end of the earlier transmission
· FFS: Value for X
· Alt 3. Define a maximum gap Y, such that a later transmission can share the COT without LBT only if the later transmission starts within Y from the end of the earlier transmission. If the later transmission starts after Y from the end of the earlier transmission, an one-shot LBT is needed to share the COT
· FFS: Value for Y
· FFS:  How to define the one-shot LBT
Agreement:
For Cat 2 LBT, down-select from the following alternatives
· Alt 1: Do not introduce Cat 2 LBT for 60GHz unlicensed band operation
· Alt 2: Introduce Cat 2 LBT for 60GHz unlicensed band operation

Agreement:
If Cat 2 LBT is introduced, the following use cases can be further studied:
· Resume transmission after a gap Y:  Cat 2 LBT may be used to resume transmission by the initiating device within the COT after a gap Y (FFS the value of Y)
· COT sharing: Cat 2 LBT may be used before transmission by a responding node sharing a COT
· Multi-Beam LBT:  Cat 2 LBT may be used before switching to a new transmission beam (not used in earlier part of the COT) in a COT with TDM beams, or resume a previously used transmission beam after a gap Z (FFS the value of Z)
· Rx-Assistance:  Cat 2 LBT may be used for sensing at the receiver as a responding device for Rx-Assistance measurements and associated signalling 
Other use cases not precluded. 
FFS if Cat 2 LBT is mandated for each use case or not.

Agreement:
For receiver to provide assistance, channel sensing and reporting need to be performed. The following set of tools can be considered for further discussion
· Alt 1. Legacy RSSI measurement and reporting with possible enhancements
· Alt 2. AP-CSI report with possible enhancements
· Alt 3. LBT at receiver 
· Alt 3.1 eCCA 
· Alt 3.2 Cat2 LBT 

Agreement:
For a COT with MU-MIMO (SDM) transmission, further consider the follow alternatives (down-select or support both)
· 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

Agreement:
Within a COT with TDM of beams with beam switching, down-select one or more of the following LBT operations 
· Alt 1: Single LBT sensing with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold 
· FFS: Details on the definition of "cover"
· Alt 2: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT
· Alt 3: 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:
Define Type A and Type B multi-channel channel access as:
· Type A: Perform independent eCCA for each channel
· Type B: Identify a primary channel and perform eCCA on the primary channel, while perform Cat 2 LBT for other channels in the last observation slot
Down-selection between
· Alt1: Support Type A multi-channel channel access only
· Alt2: Support both Type A and Type B multi-channel channel access.
Note: How eCCA is performed on each channel, and the BW of the channels over which eCCAs are performed are separately discussed

Agreement:
· SSB transmission with LBT is supported, at least when the conditions for contention exempt short control signalling based SSB transmission is not met 
· Note the channel access for SSB with LBT may not be different from a normal COT with multiple beams
· FFS: If any difference from a multi-beam COT LBT needs to be introduced

RAN1#104b-e: 

Working assumption:
For Pout in EDT determination, define Pout as the maximum EIRP of the node determining EDT during a COT.

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

Working assumption:
For energy measurement in 5us observation slot, when performing single measurement, the location of the measurement within the 5us is left for implementation, i.e., anywhere within the 5us.

Agreement:
For LBT for single carrier transmission, continue down selection between
· Alt SC.1. gNB/UE performs LBT over the channel bandwidth (or BWP bandwidth)
· Alt SC.3. Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth
For LBT for multi-carrier transmission in intra-band CA, continue down selection between
· Alt CA.1. gNB/UE performs multiple LBT, one for each channel bandwidth separately
· Alt CA.2. gNB/UE performs single LBT over all CCs
· Alt CA.5. Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth in each CC

Agreement:
For a COT with MU-MIMO (SDM) transmission, when independent per-beam LBT sensing at the start of COT is performed for beams used in the COT (Alt 2 in earlier agreement) is considered, the following alternatives are further considered
· Alt A: The per-beam LBT for different beams is performed in TDM fashion
· Alt A-1: The node completes one eCCA on one beam, and directly move on to the eCCA on the other beam, with no transmission in the middle
· Alt A-2: The node completes one eCCA on one beam, start transmission with the beam to occupy the COT, then move on to the eCCA on the other beam
· Alt A-3: The node performs eCCA of the different beams simultaneous, round robin between different beams
· Alt B: The per-beam LBT for different beams is performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams

Agreement:
Within a COT with TDM of beams with beam switching, when independent per-beam LBT sensing at the start of COT is performed for beams used in the COT (Alt 2 or Alt 3 in earlier agreement) is considered, the following alternatives are further considered
· Alt A: The per-beam LBT for different beams is performed one after another in time domain
· Alt A-1: The node completes one eCCA on one beam, and directly move on to the eCCA on the other beam, with no transmission in the middle
· Alt A-2: The node completes one eCCA on one beam, start transmission with the beam to occupy the COT, then move on to the eCCA on the other beam
· Alt A-3: The node performs eCCA of the different beams simultaneous, round robin between different beams
· Alt B: The per-beam LBT for different beams is performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams

Agreement:
For regions where LBT is not mandated, gNB should indicate to the UE this gNB-UE connection is operating in LBT mode or no-LBT mode. Down-select between
· Alt 1. Support cell specific (common for all UEs in a cell as part of system information or dedicated RRC signalling or both) gNB indication
· Alt 2. Support both cell specific (common for all UEs in a cell as part of system information or dedicated RRC signalling or both) and UE specific (can be different for different UEs in a cell as part of UE-specific RRC configuration) gNB indication
· FFS: Whether the indication of the decision on applying LBT mode or no-LBT  mode is per beam (can be different for different UEs in different beams or can be different for different beam pairs between gNB and the UE) or per cell (can be different for different cells for a UE in carrier aggregation) 
· FFS: Whether a gNB and its UE(s) can have different mode
· FFS: Whether L1 signalling can be used for both Alt 1 and Alt 2 for gNB indication

Agreement:
For contention exemption short control signalling based DL transmission of SS/PBCH, further consider if the following signals/channels can be multiplexed with SS/PBCH block transmission.
· RMSI PDCCH and RMSI PDSCH
· Other broadcast PDSCH
· PDSCH without user-plane data 
· PDCCH
· CSI-RS
· PRS
· Other signals/channels contained in Discovery Burst (i.e., exemption applies to Discovery Burst)
Note: Total exempted signals/channels should meet the restriction of 10% over any 100ms interval.
FFS: If contention exemption short control signalling based DL transmission is allowed when not multiplexed with SS/PBCH block transmission.

RAN1#105-e: 

Agreement:
For energy measurement in 8us deferral period, continue down-selection between the following alternatives
· Alt 1. Two energy measurements are required, with one measurement in the first 3us and one measurement in the last 5us
· Alt 2. One measurement is required
· FFS where the measurement is located
Note: By implementation, it is possible to support longer than 8us deferral period (Intend to cover Alt 3 as implementation choice for either Alt 1 or Alt 2)

Agreement:
On maximum gap within a COT to allow COT sharing without LBT, down-select or support both of the following two alternatives
· Alt 1. No maximum gap defined. A later transmission can share the COT without LBT with any gap within the maximum COT duration
· Alt 3. Define a maximum gap Y, such that a later transmission can share the COT without LBT only if the later transmission starts within Y from the end of the earlier transmission. If the later transmission starts after Y from the end of the earlier transmission, an one-shot LBT is needed to share the COT

Agreement:
For regions where LBT is not mandated, gNB should indicate to the UE this gNB-UE connection is operating in LBT mode or no-LBT mode
· Support both cell specific (common for all UEs in a cell as part of system information or dedicated RRC signalling or both) and UE specific (can be different for different UEs in a cell as part of UE-specific RRC configuration) gNB indication

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 msg/msgA transmission from one UE perspective
· FFS: Other UL signals/channels can be transmitted with Contention Exempt Short Control Signaling rule, such as msg3, SRS, PUCCH, PUSCH without user plain data, etc



In this contribution, the following aspects related to channel access are discussed:
· General aspects of the LBT procedure;
· Discussion on COT Sharing;
· Discussion on Directional and Receiver-Aided-LBT Procedure;
· Discussion on the Relationship Between Measurement and TX Beam;
· Short Control Signal Exemption.
Discussion on Channel Access Mechanism
Discussion on General Aspects of the LBT Procedure
While during the SI to extend NR up to 71 GHz, resulting in TR 38.808 [5], the LBT procedure mandated by ETSI EN 302 567 [6] has been discussed, and during RAN1 102-e meeting [7] some of the procedural aspect have been agreed, many aspects of it have been left for further study. One of them, is regarding how a device should use the 5us and 8us observation period for the listen before talk (LBT) procedure, and when and for how long the measurement period should last considering the processing and RF switching times.
During the Rel.16 NR-U WI, three types of LBT were defined: i) Type 1 LBT, where a back-off counter with variable contention window size (CWS) is used, and the CWS depends on DL/UL traffic and priority classes; ii) Type 2A and 2B, that correspond to the 25us and 16 us single shot LBT; iii) Type 2C LBT, which corresponds to no LBT. For type 2A and 2B, the cumulative observation window (25us for type 2A and 16us for type 2B) has been divided into observations slots of 7us and 9us, as shown in Figure 1:  
[image: ]
[bookmark: _Ref79063594]Figure 1 - Illustration of NR-U 25us and 16us LBT.

For Type 2A, the 25us observation window is composed by two 9us slots, and a single 7us slot. A measurement window of 4us, during which a device performs energy detection to establish whether the channel is idle or busy, is performed in each of the 9us observation windows, while no energy detection measurement is performed during the 7 us slot. For type 2B, the 16us observation window is composed by a single 7us slot followed by a single 9us slot. While 1 us measurement window is performed at the end of 7us slot, another measurement window of 4us is performed within the last 9us slot. It is worth noticing that:
· the length of the observation slots has been decided based on the numerologies of IEEE 802.11ac, and in particular based on the SIFS duration, which is 9us long.
· during Rel.16 it has been agreed to perform measurements at the head and tail of an observation window in order to capture the case when SIFS could occur in time domain in a more sporadic and non-contiguous manner;
· it was found that 4us measurement window was the shortest window that could be supported due to implementation constrains. 
During the RAN1 #104-e meeting [3], while RAN1 have agreed that for the 5us observation slot a single measurement is performed, multiple options have been identified on how to perform the energy measurement in the 8us deferral period. However, during the RAN1 #105-e meeting [5], it was concluded to discussion only the following two options:  
· Alt 1. Two energy measurements are required
· Alt 2. One measurement is required
In this matter, it was also concluded that by implementation a device may device to support a longer deferral period of 8us.

Given the design logic used during Rel.16 to define how measurement are performed during the observation windows defined in NR-U, similar criteria could be used to down select among the alternative listed above. In this matter, it is important to highlight that the SIFS duration for IEEE 802.11ad/11ay is 5us. With that said, if within a 8us deferral period a single measurement is performed, there may be a very high likelihood to actually miss the detection of a SIFS if this is not perfectly aligned with the single measurement window performed, therefore making a wrong assessment of the status of the medium. This issue is highlighted in Figure 2: if within the 8us deferral period, either the first or the second measurement (highlighted in dark green) are not performed, then based on time of occurrence of SIFS, this may be missed. For instance, if the measurement within the first 3us is not performed, then in both example 1 and 2 the SIFS is missed. For this reason, it is indeed preferable to partition the 8us deferral period into two slots: a 3us and 5us slot, respectively. By assuming a short measurement window, which could be equal or longer than that for IEEE 802.11ad/11ay (i.e., 2us long), regardless of the occurrence of a SIFS relative to the 8us deferral window this would be always captured on contrary of the case when only a single measurement is performed. In case, the LBT procedure would be that illustrated in the top part of Figure 2. 

[image: ]
[bookmark: _Ref79063641]Figure 2 – Illustration of observation slots and measurement window for the LBT procedure for above 52.6 GHz band.

As for the specific position of where the single measurement is performed within the 3us, the location of the measurement can be left up to implementation.
Proposal 1: Alt-1 is supported and the 8us observation period is divided into two slots of 3 and 5us, respectively. For the energy measurement in the 3us observation slot, the location of the measurement is left up to implementation.
The channel access procedure mandated by ETSI EN 302 567 [6], and agreed during a prior RAN1 meeting [7] has some similarities with the type 1 channel access procedure defined and used in both LAA and Rel.16 NR-U. However, for type 1 channel access procedure four channel access priority classes (CAPCs) were available to accommodate for different types of traffic and quality of service (QoS), as also mandated by the text in ETSI BRAN 301 893 [9]. In addition, for each CAPC, the minimum Zmin and maximum Zmax values of the contention window, were changed from time to time based on the HARQ feedback information related to a reference portion of the prior transmission burst to update the back-off counter window based on the contention of the medium. Furthermore, the maximum supported COT differs for each CAPC, which was linked to specific QoSs. While these concepts are not explicitly captured in the ETSI EN 302 567 [6], they are neither precluded as well. Therefore, given that these procedures are well established in the specification, and allow to address different channel and traffic conditions that may impact the channel access procedure, RAN1 should consider to adopt them in the above 52.6 GHz band with the necessary modifications. 
Proposal 2: For operation unlicensed 60 GHz band, when LBT is used within the COT, the principle of the type 1 channel access procedure defined for the sub-6 GHz band should be reused, and the channel access parameters should be modified in accordance with numerologies provided by the ETSI BRAN Harmonized Standard.
Proposal 3: The procedure specified in NR-U related to the CWS adjustment should be considered for operation in unlicensed 60 GHz band. RAN1 should further discuss and identify the values Zmin and Zmax.
During the RAN1 #104-e meeting [3], it has been agreed to use as a baseline the following formula for the ED threshold calculation:

where Pmax is the RF output power limit, and Pout is the maximum EIRP of the initiating device during a COT, where Pout≤Pmax. However, a few additional details were left for further study. In particular one aspect related to the ED threshold calculation that is important to discuss is that depending on the wideness of the beam that is used during the LBT procedure, this may change the assessment on whether a channel is idle or not. During the SI, some study was conducted [8], and it was found that in general when low ED thresholds are used, LBT performed with more directional beams may overperform LBT performed using a wider beam given that the level of protection offered by the later gets increased, which may help sufficiently mitigate the hidden node issue bringing this in par with that of LBT performed with more directional beams while still offering better spatial reuse than that. In this matter, it may be beneficial within the ED threshold calculation to also account more specifically for the measurement beam used so that to exploit the advantage described above.
Proposal 4: When operating in unlicensed 60 GHz band, the ED threshold calculation shall account for the sensing beam used to perform the LBT procedure.
In the context of the ED threshold calculation, another aspect that must be considered is the case when the absence of an incumbent technology can be guaranteed due to a specific use case or deployment. In this case, it may be appropriate to leave up to the gNB to decide which value of the ED threshold should be used. Note that similar design consideration was draft in both LAA and NR-U.
Proposal 5: In case the network is able to assess the absence of any other incumbent technology, the ED threshold value that a device may use during the LBT procedure is up to the gNB and may be configured via higher layer signaling.  
When designing the LBT procedure, it should be also discussed how to define the LBT bandwidth, and how this should be utilized within the context of the ED threshold calculation. It is important to note that the ETSI BRAN 302 567 [6] does not define any specific numerology for the bandwidth over which the LBT should be performed, but it generally defines the operating channel as the “Channel on which the RLAN equipment has started the Adaptivity mechanism to start transmissions”. For this purpose, and with the aim to simplify the design, in single carrier transmission a device should associate the operating channel with the channel bandwidth, so that a single measurement is always done over the entire band over which the device intends to transmit. Similarly, when carrier aggregation is used, the device should perform multiple LBT measurements by performing a separate LBT procedure for each channel bandwidth.
Proposal 6: In single carrier transmission, a gNB/UE performs LBT over the channel bandwidth.
Proposal 7: For carrier aggregation, a gNB/UE performs multiple LBTs and one over each channel bandwidth.

Discussion on COT Sharing
For unlicensed 60 GHz band, when the LBT is mandated the ETSI BRAN provides within ETSI EN 302 567 [6] recommendation regarding the channel access procedure to be used. In particular, the ETSI EN 302 567 in Sec. 4.2.5.3 [6] includes the following text:
	“An equipment (initiating or not initiating transmission), upon correct reception of a packet which was intended for this equipment, can skip the CCA Check, and immediately proceed with the transmission in response to received frames. A consecutive sequence of transmissions by the equipment, without a new CCA Check, shall not exceed the 5 ms Channel Occupancy Time as defined in step 5) above.”


The above clauses can be interpreted so that transmissions without performing any LBT are always supported within the initiating device’s COT regardless of the gap between transmissions. Given the inherent advantage in terms of LBT overhead in sharing a COT between an initiating device and a responding device, and given that the ETSI EN 302 567 [6] allows unconditionally this mechanism, this feature has been supported during the SI. However, it was left for further discussion if a responding device should use a Cat 2 LBT to share the COT, and in this case how to define the Cat 2.
While based on the ETSI EN 302 567 [6] in band 75 within ITU region 1, mandatory LBT is required by an initiating device to acquire the COT before it can perform any transmission, no LBT is needed by neither any of the responding devices that are allowed to transmit within the initiating device's COT, or by the initiating device itself in any subsequent occasions within the acquired COT. However, it may be beneficial, under circumstances when multiple initiating devices may compete for the same channel and/or responding devices from different initiating devices may potentially interfere with each other, to perform a minimum CCA observation of 13us before a separate noncontiguous transmission within an initiating COT. In this case, a device may need to assess that the channel is clear before transmitting if that device is a responding device or an initiating device that may continue to operate within its initiating COT after pausing transmission for some time. However, given that this may be beneficial from a system perspective only under certain circumstances, while increasing the overall LBT overhead which in other cases may lead to loss in performance, whether to perform additional short CCA procedure(s) within an initiating COT or not could be left up to the gNB. Notice that similar considerations may be possible to be drawn also in case of multi-beam operation, and in case beam switching is performed in a COT. 
Proposal 8: Cat-2 LBT is introduced for 60 GHz unlicensed band operation.
In this context, during the RAN1 #105-e meeting [5] it was agreed to down-select or support both of the following alternatives:
· Alt 1. No maximum gap defined. A later transmission can share the COT without LBT with any gap within the maximum COT duration.
· Alt 3. Define a maximum gap Y, such that a later transmission can share the COT without LBT only if the later transmission starts within Y from the end of the earlier transmission. If the later transmission starts after Y from the end of the earlier transmission, an one-shot LBT is needed to share the COT.
In this matter, our view is that both options could be supported and it is left up to the gNB on whether to mandate or not the use of Cat-2 before attempting any transmission from any device within an initiating device’s acquired COT.
Proposal 9: Both Alt.1 and Alt.3 are supported, and it is up to the gNB on whether to mandate or not the use of LBT before attempting any transmission from any device within an initiating device’s acquired COT.  
In the context of COT sharing, it is also important to discuss the LBT procedure in case of a MU-MIMO transmission. In this matter, two alternatives were identified in prior meetings: i) Alt-1: single LBT sensing with wide beam cover performed at the start of the COT; ii) Alt-2: independent per-beam LBT performed at the start of the COT. Furthermore, different ways to interpret Alt-2 have been identified:   
· Alt A: The per-beam LBT for different beams is performed in TDM fashion
· Alt A-1: The node completes one eCCA on one beam, and directly move on to the eCCA on the other beam, with no transmission in the middle
· Alt A-2: The node completes one eCCA on one beam, start transmission with the beam to occupy the COT, then move on to the eCCA on the other beam
· Alt A-3: The node performs eCCA of the different beams simultaneous, round robin between different beams
· Alt B: The per-beam LBT for different beams is performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams
In our view, both Alt-1 and Alt-2 should be supported since whether the CCA measurement may be performed on a wide-beam or a per-beam manner is capability dependent, and therefore whether to use one or the other could be left up to implementation. As for Alt-2, both Alt-A-2 and Alt-B could be considered, where Alt-A-2 is preferred to other Alt-A sub-options since this limits the time between when the measurement is performed, and when the channel is actually acquired, which inherently mitigates either co-existence and possible interferences. 
Proposal 10: For a COT with MU-MIMO, both Alt-1 and Alt-2 are supported.  As for Alt-2 both Alt-A-2 and Alt-B could be considered.
Similar considerations can be also drawn for the LBT procedure of a COT within which beam switching occurs. In this matter, both a single wide-beam measurement or a multiple per-beam measurement could be performed depending on the device capability. Also for the case when multiple per beam measurements could be performed, RAN1 should consider to adopt both simultaneous as well as measurements operated in a TDM fashion where a device attempts to acquire the channel soon after assessing that the channel is idle. 
Proposal 11: For a COT with beam switching, both single LBT sensing with wide beam and independent per-beam LBT sensing at the start of the COT are supported.  

Discussion on Directional and Receiver-Aided-LBT Procedure
During the SI, it has been agreed that an initiating device should support both operation with and without any LBT mechanism(s), and it has been left for future study to define which type of LBT mechanism(s) can be used, and whether omni-directional, directional or receiver-aid LBT should be supported and specified. 
In this regard, it is important to highlight that in bands where the propagation limitations may be quite severe, and because directional transmissions are expected, the omni-directional LBT may pose some limitations. In fact, in this case, omnidirectional LBT may act overprotectively and this may prevent from fully exploiting spatial reuse with the consequence of a depreciated spectral efficiency. This becomes more detrimental as the transmissions are more highly directional. When omnidirectional LBT is used, regardless of whether the beam of an active transmitter may or may not point in the same direction of the transmitter performing LBT, if the two devices are in proximity and within the sensing range, the transmitter performing LBT would assess that the channel is occupied. However, if the transmission beams of the two transmitters point into two different directions, these would not cause any mutual interference across the two links, as illustrated in Figure 3. However, if the directional LBT is performed over a narrow beam over which the transmission is performed, this issue is prevented.
[image: ]
[bookmark: _Ref79063681]Figure 3 - Illustration of the over protectivity of omnidirectional LBT vs directional LBT
While as detailed above, directional LBT is able to overcome some of the limitations of the omnidirectional LBT when highly directional transmissions are performed, on the other hand this leads to i) exacerbate the well-known hidden node issue, and ii) could lead the system to suffer from deafness. The first issue is due to the fact that when directional LBT is performed, it is often not able to capture the actual interference level at the receiver, especially if the receiver is equipped with a wider reception beam. As for the second issue, its roots originate from the fact that performing LBT measurements only on a specific direction and through a specific beam makes a transmitter deaf to potential interference coming from other directions. One example of these issues is illustrated in Figure 4 . Note that both Figure 4 and Figure 5depict a simple scenario composed by two gNBs and two UEs, where each gNB belongs to a different operator. In both figures gNB1 has been able to succeed LBT and it is performing DL transmission to UE1. In Figure 4, while the gNB2 may succeed in performing directional LBT, given that UE1 is equipped with a wide beam at the receiver, once gNB2 starts transmitting to UE2, UE1 will be subject to the interference of this new active device, and UE2 could be subject to interference from gNB1. As for Figure 5, since gNB2 performs directional LBT in the direct of the intended transmission, it is deaf in respect to the ongoing transmission from gNB1, which points in the direction of UE2, and would be clearly a source of interference once gNB2 starts transmitting to UE2.  
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[bookmark: _Ref79063770]Figure 4- Illustration of the hidden node issue with directional LBT
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[bookmark: _Ref79063781]Figure 5 - Illustration of the deafness issue with directional LBT

Observation 1: Omni-directional LBT may act in many cases overprotectively and may prevent from fully exploiting spatial reuse under highly directional transmissions. This issue may be mitigated through directional LBT. However, directional sensing exacerbates the well-known hidden node issue, and leads to scenarios where the system could suffer from deafness.
As mentioned above, directional LBT exacerbates in some case the well-known hidden node issue and leads to scenarios where the system could suffer from deafness. In order to overcome the issues when directional LBT is used, additional mechanisms should be introduced, such as an RTS/CTS like exchange of information between the transmitter and the receiver, and potentially the use of LBT in both sides to establish a link between the two, and assess the correct level of interference at the receiver.
In Figure 6, a snapshot of the observed energy levels is provided for both the UEs and the gNB. UL Rx lines represent the average interference at the BS, while CCA lines represent the average interference at the UE.  The figure highlights that CCA measurement at the BS and UE is quite uncorrelated in many instances, and the only CCA method that truly reflects the level of interference at the receiver is one that gets assistance from the receiver in determining the CCA procedure itself.
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[bookmark: _Ref79063893]Figure 6 - A snapshot of the observed energy by the UE and BS at the same time period for Indoor A scenario
Observation 2: Receiver-aided LBT is able to mitigate the issues introduced by directional LBT and offers a mean to better assess the correct level of interference at the receiver.
In this regard, RAN1 should support both omni-directional and directional LBT, and when directional LBT is supported then this should be complemented with a receiver-aided LBT.   
Proposal 12: Both omni-directional and directional LBT are supported. When directional LBT is used, a receiver-aided LBT should complement its CCA procedure where a short LBT is performed at the receiver. 
During the SI, it was agreed to support spatial domain multiplexing of different beams when LBT mode is used. In this case, in order to guarantee fair coexistence with other systems some rules should be enforced on the LBT requirements. For instance, given that a device could perform directional sensing, the COT should be considered to be acquired only in the transmission beams for which the LBT is performed and the LBT measurements have indicated that the channel is idle. If the device assumes instead that the COT is acquired for all transmission beams, by performing spatial multiplexing across different transmission beams the system may induce unwanted interference in directions where transmissions may be already occurring, since the device has not performed any LBT measurements in that direction. 
Proposal 13: When directional sensing is performed, the COT should be considered to be acquired only in the transmission beams for which the LBT is performed and the LBT measurements have indicated that the channel is idle.
If directional LBT is concurrently used to acquire the channel in multiple directions, an initiating device by potentially performing multiple CCA procedures over those directions it would be able to initiate multiple concurrent COTs. In this case multiple concurrent COTs could be active, and these should be considered separately, unless these overlap in terms of beams when performing the LBT measurements. An example of this issue if provided in Figure 7. Figure 7 illustrates the case when the gNB attempts to initiate three COTs through three different directional LBT. The COT for UE1 is acquired with LBT performed over beam#1 and beam#2, the COT for UE2 is acquired with LBT performed over beam #2 and beam #3, and the COT for UE3 is acquired with LBT performed over beam #3 and #4. In this specific case, the beam #2 and #3 may belong to two different group of beams. In this last case, it is important to define how the MCOT would be counted if multiple COTs have overlapping beams that have been used during their respective CCA procedures.
[image: ]
[bookmark: _Ref79064083]Figure 7- Illustration of directional LBT over multiple directions
Proposal 14: When directional sensing is performed, and multiple concurrent COTs are acquired, these should be independently treated unless LBT measurements have overlapping beams. In this case, RAN1 should define some rules on how to handle these cases.
As described above, if directional LBT is concurrently performed in multiple directions, an initiating device would be able to initiate multiple concurrent COTs. However, if it is equipped with a narrow-beam receiver it may be able to receive transmissions from one direction at the time. For this reason, a gNB may need to schedule time domain resource allocation (TDRA) across UEs so that these are not overlapping either within or outside its COTs, and they are allocated so that the gNB is potentially able to perform beam pair with a specific UE before this can transmit. However, given that LBT is required by an initiating device to acquire a COT and if directional LBT is used a link cannot be established in a deterministic manner since it is subject to the success of LBT from the initiating device and possibly also by the responding device on top of being subject to the successful exchange of RTS/CTS like messages among the two, then it may be possible that a transmission to or from a UE may never take place, so if some resources are exclusively allocated to a UE, those will be inevitable lost with consequent degradation of the spectral efficiency of the system.  However, this degradation may still arise even if TDRAs for the UEs overlap. In fact, while the gNB may exactly know which UEs may be transmitting, it may not know which one would be able to transmit, and by the time it may determine which UE may be transmitting some of UL transmissions may be lost. Given this problematic, RAN1 should further discuss a valid solution.
Proposal 15: RAN1 should further study how to efficiently allow beam-pairing due to LBT success. 
Discussion on the Relationship Between Measurement and TX Beam 
If directional LBT is supported, RAN1 needs to discuss the relationship between the LBT beam and the transmission beam. For example, if the transmitting node performs LBT measurements in one direction, and after completion of CCA transmits signal in the completely opposite direction, this would cause various unintended coexistence behaviors in the network. If there is no relationship between LBT measurement and transmission beam, in the extreme case, the transmitting node could use an effective nulling beamforming pattern (e.g. pointing towards heavily attenuated direction of the antenna array) for LBT, and succeed in LBT every time and transmit using any beam. While it may be far-fetched to assume these extreme cases, we believe it would be much better from the eco-system perspective to have behaviors in place in specification so that the extreme scenarios can be avoided. 
From the specification perspective, we believe behavior definition can focus on the UE and we do not need to necessarily define behavior definitions for the gNB. This is because regulatory requirements that impact the gNB do not just limit measurements and when signals can be transmitted, but impact the entire scheduling process, which include selection of RBs, power loading of the signals, how and when to schedule UEs, etc. Furthermore, gNB needs to work with single beam, and multi-beam in a complex manner. It would be impractical to consider all the complex scheduling possibilities that the gNB can perform in the behavior set for performing LBT as they are integrally tied together. On the other hand, in order for the gNB and the network as whole to optimize the network well, a well predictable UE’s behavior is required. If LBT sensing and transmission direction selections are completely left up to UEs, it would be extremely difficult for the gNB to predict and assess best scheduling strategies for the given network. As such, we suggest to focus on defining LBT measurement behaviors for the UE. 
One of the biggest criticisms for defining LBT measurement behavior for the UE was that beam correspondence is currently a mandatory with capability signal feature. This implies some UE may be able to indicate that it does not support beam correspondence. In order for UEs operating in Europe to comply with the ETSI BRAN requirements, they will need to go through the conformance testing procedure for checking medium access rules as met. One of the key component for ETSI BRAN testing included within EN 302 567 v2.2.0 [6] is pasted here:
“When performing testing on a UUT with a directional antenna system (such as array capable of beam-forming), the wanted communication link (between UUT and companion device) and the interference test signals shall be aligned to the direction corresponding to the UUT's maximum EIRP.” 
This text implies that a device must have some beam correspondence implemented. Otherwise, if device have completely uncorrelated and decoupled Tx and Rx beams, it can potentially fail the aforementioned ETSI BRAN conformance test. Considering the nature of narrow beam operation in 60 GHz band, we think requiring beam correspondence for the UEs that are operating in the above 52.6 GHz unlicensed band is something that would be required. Given that mandatory features with capability signaling are feature that can be determined to be set to 1 (i.e. enable) by 3GPP, we suggest to enable the beam correspondence in the above 52.6 GHz unlicensed band for all UEs that support operation in this band.
Proposal 16: For all devices operating in above 52.6 GHz unlicensed band the beam correspondence mandatory capability signaling is set to 1 for all supported unlicensed bands above 52.6 GHz.  
Proposal 17: For gNB, RAN1 should leave the relationship between the received beams used for LBT measurements, and the transmit beam to be used after LBT success up to implementation and let regulatory requirements constrain it.
Proposal 18: For UE, RAN1 to define relationship between the received beams used for LBT measurements, and the transmit beam to be used after LBT success. 
Defining UE’s behavior to directly or indirectly control spatial filters used for transmission and reception is already supported in NR. These features are QCL framework for downlink and spatial relation information signaling framework for uplink. QCL indication is used to implicitly let the UE know what Rx beams could be used for reception of a signal/channel. The same principle can be applied to LBT measurement resources. When PDCCH schedules a PUSCH transmission, gNB could indicate the QCL type-D indication for LBT measurement resources such that source RS for QCL type-D is the same source for spatial relation information for the SRS resource indicated for the PUSCH. This will implicitly inform the UE that LBT measurement should be using the same beam direction as the transmit beam direction as the PUSCH. An illustration of the explained example is provided in Figure 8.
[image: ]
[bookmark: _Ref79067162]Figure 8 – illustration of how QCL framework can be used to guide beam directivity for LBT measurement prior to transmission.
As an alternative to using QCL framework, spatial relation information signaling framework can be leveraged for LBT measurements as well. Spatial relation information allows the UE to know which transmit beam to use for PUSCH/PUCCH/SRS transmission by indicating either DL reference signal, SSB or CSI-RS, or UL reference signal, SRS. The former is used when beam correspondence is available to the UE. Assuming beam correspondence is available, the spatial relation information can be used to directly indicate the spatial filter that should be used for operations. In the case of LBT measurements, we could simply state that the UE should use the same spatial filter as the intended transmission during the LBT measurement period. An illustration of an example using spatial relation information framework for LBT measurement is shown in Figure 9.
[image: ]
[bookmark: _Ref79067854]Figure 9 – illustration of how spatial relationship information framework can be used to guide beam directivity for LBT measurement prior to transmission.

Between using QCL and spatial relation information framework, use of QCL framework will provide a bit more flexibility in terms of how Rx beams are formulated during LBT, while governing the general directivity of the LBT measurement beams. At the same time, we expect a bit more work to be done within the specification as we would need to define how and when to use specific QCL type-D sources for LBT measurements for the different cases. The spatial relation information framework is expected to require much less specification effort, and a simple text that just states that UE should use the same spatial filter as the transmission may be able to cover the required UE’s behaviors. However, the drawback in this case is that the use of the same spatial filter may be quite strict in terms of how a UE may need to be implement the Rx beams.
Proposal 19: RAN1 should extend the QCI or Spatial Relation Info framework to define and indicate the sensing beam associated with a transmission beam. 
· FFS: Details on how to extend the beam correspondence framework and/or QCL/TCI/ Spatial Relation Info framework.

Discussion on Short Signal Exemption
Short signal exemption (SSE) is a mechanism to send relatively short signaling transmissions (compared to regular data transmissions) without sensing the channel for presence of other signals. For frequency ranges from 52.6 GHz up to 71 GHz, SSE is described in the most recent draft of EN 302 567 v2.2.0 [6] with application to short management and control frames. The total duration of the short control signaling transmissions is required to be constrained to less than 10 msec within 100 msec observation period per device.
During the RAN1 #104-e meeting [3], it has been agreed that SSB transmission with LBT should be supported at least when the SSE conditions are not met. Furthermore, during RAN1 #104b-e meeting [4], it has been agreed that SSE exemptions could be applied to the transmission of SS/PBCH. However, in this regards it was left for further study on what other DL signals and channels could be multiplexed with SS/PBCH transmission under the SSE exemption, and to which subcarrier spacing (SCS) this could be applied. In this matter, it is important to note that while EN 302 567 v2.2.0 [6] classifies “short control signal” as control and management frames, which are terminology used in IEEE 802.11 system, these control and management frames do not have specific definition in EN 302 567, and it is up to RAN1 to determine which signals and channel could qualify as control and management frames. While potentially the SSE could be applied to any DL signals, it is important to highlight that this exemption was introduced for control and management information, and if applied to any types of transmission even though their length would be bounded to 10ms per each 100ms observation period, this could potentially create coexistence problem and cause the gNB to block device from transmitting. With this in mind, in the context of applying the SSE to SS/PBCH multiplexed with other channels, RAN1 could either identify a set of SCSs and signal/channels for which the 10% duty cycle over a 100ms observation period is always met, or it could be left up to gNB’s implementation to enforce this exemption. The disadvantage of the first option is that in order to define a specific set of rules the worst case scenarios may need to be considered, and SSE exemption may be used in a very restrictive manner, when in reality this is not necessary.
Proposal 20: It is left up to gNB to decide and apply SSE to any signals/channels which are additionally multiplexed with SS/PBCH, as long as when it does the 10% duty cycle over a 100ms observation period is met.
As for the specific SCS over which the SSE could be applies, for 960 kHz SSB and Type0-PDCCH, if we assume the worst case transmission overhead and 20 msec SSB periodicity, the total transmission duration would be less than 7.5 msec (32 slots required for 64 SSB, 64 slots required for 64 Type0-PDCCH and PDSCH carrying RMSI results in 96 slots, which is approximately 1.5 msec in duration every 20 msec). Therefore, there may not be much difficulty in utilizing short control signal exemption for SSB and Type0-PDCCH and corresponding PDSCH.
Proposal 21: SSB transmission with no LBT is supported at least for 960 kHz and type0-PDCCH.
In previous RAN1 #104b-e meeting [4], it was also discussed whether the SSE should be also applied to the discovery burst (DB). In this matter, with similar motivations as above, this exemption could be applied by the gNB to the DB as long as the 10% duty cycle over a 100ms observation period is met.
Proposal 22: It is up to the gNB to decide and apply SSE to the discovery burst, as long as when it does the 10% duty cycle over a 100ms observation period is met.
In previous RAN1 #105-e meeting [5], it has concluded that the SSE rules can apply to the transmission of mg1 for the 4-step RACH and MsgA for the 2-step RACH for all supported SCS as long as the 10% duty cycle is met. However, it was argued how to actually interpret this constraint, and whether the 10% duty cycle is applied per cell or from the perspective of a UE. As indicated along this section, the EN 302 567 v2.2.0 [6] is written from the point of view of the device (equipment), and the limitations imposed for a SSE are meant to be applied per device. Therefore, when applying this to UL channels, the maximum 10 % transmission over an observation of 100ms should be measured from the UE’s perspective.
Observation 3: The contention exempt control signaling rules is interpreted as if the 10% over any observation period of 100ms is applicable per device. 
Proposal 23: The 10% over any observation period of 100ms is applicable to the msg1/msgA transmission from one UE perspective. 
For PRACH transmission, given that PRACH is only transmitted during initial access and other rare occasions, we suggest to always consider utilizing short control signal exemption. UE is expected to retransmit PRACH only after RAR reception failure, therefore even with repetitive PRACH transmissions, random access protocol creates a natural gap between two consecutive PRACH transmissions. From our analysis, even if we utilize 120 kHz SCS for PRACH, we do not believe the UE could never exceed total transmission duration of 10 msec within 100 msec observation period. Therefore, we would like to extend the applicability of SSE also to mgs3 for the 4-step RACH for all the supported SCSs.
Observation 4: For 120 kHz, 480kHz, and 960 kHz PRACH transmission, UE does not exceed total transmission duration of 10 msec for PRACH within a 100 msec observation period.
Proposal 24: Contention Exempt Short Control Signaling rules apply to the transmission of msg3 for the 4-step RACH for all supported SCS.
During prior discussion, it was also left up to further study on whether to apply SSE to any other UL signal/channel, such as SRS, PUCCH, PUSCH without user plain data, etc. In our view, while HARQ-ACK feedbacks and SRS transmissions may be more frequent than PRACH, as long as the 10% duty cycle over any 100 ms observation period is met, it should be left up to UE’s implementation to decide whether to qualify these transmissions as short control signaling.
Proposal 25: It is up to the UE to decide and apply SSE to SRS and PUCCH, as long as when it does the 10% duty cycle over a 100ms observation period is met.

Conclusions
In this contribution, we discussed several aspects related to channel access enhancements for extending NR up to 71 GHz, and we derived the following proposals, and observations:
Proposal 1: Alt-1 is supported and the 8us observation period is divided into two slots of 3 and 5us, respectively. For the energy measurement in the 3us observation slot, the location of the measurement is left up to implementation.
Proposal 2: For operation unlicensed 60 GHz band, when LBT is used within the COT, the principle of the type 1 channel access procedure defined for the sub-6 GHz band should be reused, and the channel access parameters should be modified in accordance with numerologies provided by the ETSI BRAN Harmonized Standard.
Proposal 3: The procedure specified in NR-U related to the CWS adjustment should be considered for operation in unlicensed 60 GHz band. RAN1 should further discuss and identify the values Zmin and Zmax.
Proposal 4: When operating in unlicensed 60 GHz band, the ED threshold calculation shall account for the sensing beam used to perform the LBT procedure.
Proposal 5: In case the network is able to assess the absence of any other incumbent technology, the ED threshold value that a device may use during the LBT procedure is up to the gNB and may be configured via higher layer signaling.  
Proposal 6: In single carrier transmission, a gNB/UE performs LBT over the channel bandwidth.
Proposal 7: For carrier aggregation, a gNB/UE performs multiple LBTs and one over each channel bandwidth.
Proposal 8: Cat-2 LBT is introduced for 60 GHz unlicensed band operation.
Proposal 9: Both Alt.1 and Alt.3 are supported, and it is up to the gNB on whether to mandate or not the use of LBT before attempting any transmission from any device within an initiating device’s acquired COT.  
Proposal 10: For a COT with MU-MIMO, both Alt-1 and Alt-2 are supported.  As for Alt-2 both Alt-A-2 and Alt-B could be considered.
Proposal 11: For a COT with beam switching, both single LBT sensing with wide beam and independent per-beam LBT sensing at the start of the COT are supported.  
Observation 1: Omni-directional LBT may act in many cases overprotectively and may prevent from fully exploiting spatial reuse under highly directional transmissions. This issue may be mitigated through directional LBT. However, directional sensing exacerbates the well-known hidden node issue, and leads to scenarios where the system could suffer from deafness.
Observation 2: Receiver-aided LBT is able to mitigate the issues introduced by directional LBT and offers a mean to better assess the correct level of interference at the receiver.
Proposal 12: Both omni-directional and directional LBT are supported. When directional LBT is used, a receiver-aided LBT should complement its CCA procedure where a short LBT is performed at the receiver. 
Proposal 13: When directional sensing is performed, the COT should be considered to be acquired only in the transmission beams for which the LBT is performed and the LBT measurements have indicated that the channel is idle.
Proposal 14: When directional sensing is performed, and multiple concurrent COTs are acquired, these should be independently treated unless LBT measurements have overlapping beams. In this case, RAN1 should define some rules on how to handle these cases.
Proposal 15: RAN1 should further study how to efficiently allow beam-pairing due to LBT success. 
Proposal 16: For all devices operating in above 52.6 GHz unlicensed band the beam correspondence mandatory capability signaling is set to 1 for all supported unlicensed bands above 52.6 GHz.  
Proposal 17: For gNB, RAN1 should leave the relationship between the received beams used for LBT measurements, and the transmit beam to be used after LBT success up to implementation and let regulatory requirements constrain it.
Proposal 18: For UE, RAN1 to define relationship between the received beams used for LBT measurements, and the transmit beam to be used after LBT success. 
Proposal 19: RAN1 should extend the QCI or Spatial Relation Info framework to define and indicate the sensing beam associated with a transmission beam. 
· FFS: Details on how to extend the beam correspondence framework and/or QCL/TCI/ Spatial Relation Info framework.
Proposal 20: It is left up to gNB to decide and apply SSE to any signals/channels which are additionally multiplexed with SS/PBCH, as long as when it does the 10% duty cycle over a 100ms observation period is met.
Proposal 21: SSB transmission with no LBT is supported at least for 960 kHz and type0-PDCCH.
Proposal 22: It is up to the gNB to decide and apply SSE to the discovery burst, as long as when it does the 10% duty cycle over a 100ms observation period is met.
Observation 3: The contention exempt control signaling rules is interpreted as if the 10% over any observation period of 100ms is applicable per device. 
Proposal 23: The 10% over any observation period of 100ms is applicable to the msg1/msgA transmission from one UE perspective. 
Observation 4: For 120 kHz, 480kHz, and 960 kHz PRACH transmission, UE does not exceed total transmission duration of 10 msec for PRACH within a 100 msec observation period.
Proposal 24: Contention Exempt Short Control Signaling rules apply to the transmission of msg3 for the 4-step RACH for all supported SCS.
Proposal 25: It is up to the UE to decide and apply SSE to SRS and PUCCH, as long as when it does the 10% duty cycle over a 100ms observation period is met.
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