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Introduction
[bookmark: _Ref129681832]In the previous plenary meeting RAN#90-e, the WID has been revised in [1]. The following objectives are related to the channel access mechanism for 60 GHz unlicensed operation:
	· Physical layer procedure(s) including [RAN1]:
· Channel access mechanism assuming beam based operation in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz.
· Specify both LBT and No-LBT related procedures, and for No-LBT case no additional sensing mechanism is specified.
· Study, and if needed specify, omni-directional LBT, directional LBT and receiver assistance in channel access
· Study, and if needed specify, energy detection threshold enhancement 




In this contribution, we discuss the channel access mechanisms with LBT for operation in the 60 GHz unlicensed band including potential enhancements to baseline CCA check procedure, the frequency/spatial domain aspects of the LBT procedure, and receiver-assisted LBT. In addition, conditions and switching mechanisms applicable to channel access mechanisms without LBT are discussed. 
[bookmark: OLE_LINK41]Channel access mechanisms with LBT
Enhancements to baseline Energy Detection Threshold
One objective of the revised WID [1] is to study, and if needed specify, energy detection threshold (EDT) enhancement.  That is, considering the EDT of the baseline CCA check procedure defined in the HS EN 302 567 for MGWS [4] as per the following agreement:  
	Agreement:
It can be further discussed when specifications are developed if and how the ED threshold provided by the ETSI BRAN 302 567 should be modified to account for aspects such as transmit power, LBT bandwidth, beamforming gain, coexistence etc.
· Note: There is no consensus that all of the aspects above need to be considered



According to the baseline formula, EDT = -47 dBm + 10log10 (PMax / Pout) where Pout is the RF output power (EIRP) and PMax is its maximum power level (EIRP) which is set to 40 dBm. 
It should be noted though that such an EDT is very close to the EDT used in the same band by DMG/EDMG, i.e., -48 dBm, which is based on the assumption of an LBT/channel bandwidth of 2 GHz. Since LBT/channel bandwidth of 2 GHz is not necessarily used in NR-U-60, above agreement was captured in the TR 38.808 [2] that it can be further discussed when specifications are developed if and how the ED threshold provided by the ETSI BRAN 302 567 should be modified to account for aspects including the LBT bandwidth. Therefore, we propose the EDT baseline formula should be adjusted to at least take into account an LBT BW other than 2 GHz.
Proposal 1: For operation in NR-U-60, the EDT formula adopted from draft v2.1.20 of EN 302 567 as a baseline should be adjusted to account for an LBT BW other than 2 GHz. 
According to the baseline formula, the EDT decreases when the RF output power (EIRP) increases. The devices with higher inductive transmit power but lower antenna gain will have larger impact area than the devices with lower inductive transmit power but higher antenna gain. The device with higher antenna gain should be encouraged due to less interference in un-targeted directions. However, the current EDT only reflects the impact from RF output power (EIRP) which cannot differentiate devices with different antenna gain but the same EIRP. Therefore, in line with the above agreement, we propose that the baseline EDT formula should be adjusted to take into account the beamforming gain of the subsequent transmission such that if two antenna arrays have the same RF output power (EIRP), the antenna array with the higher beamforming gain also has a higher EDT.
Proposal 2: For operation in NR-U-60, the EDT formula adopted from draft v2.1.20 of EN 302 567 as a baseline should be adjusted such that, for a given RF output power (EIRP), EDT proportionally increases with the beamforming gain of the potential following transmission.
In addition, in Section 4.2.2.2 of EN 302 567 v2.1.20, the maximum RF output power (PMax) is defined to be applicable to the system as a whole when operated at the highest stated power level such that the total RF output power of all channels, Pout (EIRP), shall be less than or equal to the limit PMax (EIRP). It should be noted however that the current baseline formulae does not accurately capture that definition as it seems to allow for further reducing the EDT as Pout exceeds PMax. 
Therefore, in following Proposal 3, we propose to adopt a generalized formulae to capture the potential enhancements we discussed and meanwhile accurately represent the baseline EDT formulae with proper setting of the parameters X, Y and a.          
Proposal 3: For operation in NR-U-60, when LBT is used, adopt the following generalized formula to capture the potential enhancements to the baseline EDT formulae:
· EDT= X+Y-min(Y, Po + a GTX )    [dBm],   wherein 0≤a ≤1    [dBm/dBi],
· X is a reference CCA level further adjustable based on LBT BW, e.g. X=-47+10log10(BW/2GHz), 
· Y is the maximum EIRP limit, e.g. Y=40 dBm,  
· GTX is the effective transmit antenna gain at the potential transmitter [dBi],
· Po is the output power to the transmit antenna array [dBm] such that Pout (EIRP)= Po+GTX.
Note from Pout (EIRP)= Po+GTX that, the effective transmit antenna gain GTX includes the overall gain of the antenna element and the antenna array (beamforming gain). In turns, Po is the power delivered to the transmit antenna array that also includes any possible transmission line loss. It can be observed that setting the parameters such that a=1, Y=PMax (EIRP), and X=-47 dBm, the proposed generalized formula reduces to the baseline formula when Pout (EIRP)= Po+GTX ≤ PMax, and the EDT is capped at -47 dBm otherwise. However, when 0<a<1 is used, the EDT is computed to the reference CCA level X plus the difference between Y=PMax and (Po + a GTX). Since (Po + a GTX) can be expressed in terms of Pout (EIRP) as (Pout - (1-a) GTX), it can be easily observed that for two transmissions of the same Pout (EIRP), a higher EDT is used for the transmission with the higher GTX.        
Finally, the baseline formula does not account for whether the potential transmitter performs the channel sensing in a directional or an omni-directional manner. When directional antenna is used in channel sensing, the received energy will be amplified at main-lobe while attenuated at side-lobes. RAN1 should ask clarification from ETSI BRAN whether the antenna gain should be counted in the received energy when compared with the EDT. Note that it is defined in 5GHz that “the received power shall be measured at the interface between the equipment and the antenna assembly” and EDT is related the highest stated power level  in draft EN 301 893 v2.1.27. The CCA in 5GHz is independent of the antenna gain.
Proposal 4: It should be clarified whether antenna gain is counted in the received energy when compared with the EDT.
Enhancements to the LBT procedure
Unlike the LBT procedure in Rel-16 NR-U wherein LBT is always performed on a 20MHz unlicensed channel (LBT subband) and transmissions are omni-directional, the frequency domain and the spatial domain aspects of the LBT procedure in the 60 GHz band need to be defined. Therefore, alternatives have been discussed in the SI phase for 1) defining the LBT bandwidth over which a single contiguous LBT is performed, and 2) defining the relationship between the LBT beam and the transmission beam. Since both the LBT bandwidth and the choice of the LBT beam are also among the EDT enhancements to be studied according to the revised WID objectives, it is important to consider enhancing the LBT procedure accordingly.

LBT bandwidth
For the LBT bandwidth, as per the following agreement captured in the TR, alternatives have been discussed relative to channel bandwidth as defined in RAN4 for further down-selection when specifications are developed:
	Agreement:
Capture the following in the TR:
On the LBT bandwidth (bandwidth over which a single contiguous LBT is performed) relative to channel bandwidth (as defined in RAN4), the following alternatives have been discussed. Further down-selection of one or more of these alternatives (if needed) should be further discussed when specifications are developed.
· Alt 1: LBT bandwidth equals channel bandwidth
· Alt 2: LBT bandwidth equals the minimum of channel bandwidth and the transmission bandwidth (number of RBs for a given transmission)
· Alt 3: LBT bandwidth can be wider than channel bandwidth
· Alt 4: LBT bandwidth can be narrower than the channel bandwidth, with multiple LBT subband within a channel
· Alt 5: LBT bandwidth equals with minimum supported channel bandwidth or multiples of the minimum supported channel bandwidth



In our view, LBT BW should be flexible and can be at least equal to the total transmission BW, that is, the total aggregated bandwidth of DL CA or UL CA or the total aggregated bandwidth of DL FDM transmissions to possibly multiple UEs. This facilitates, for instance, performing only one LBT for the whole Tx BW instead of multiple parallel LBTs for each CC. For instance, if a carrier BW of 400 MHz is used, and the transmissions are scheduled over 5 contiguous carriers (as CCs for a contiguous CA scheme to serve a single UE or as independent carriers serving multiple UEs), the LBT BW could span 2 GHz instead of performing 5 parallel LBT procedures with 400 MHz BW each. This in fact would significantly reduce the computational complexity and energy consumption of the LBT in low density deployments. Therefore, we are supportive of Alt 3, and not supportive of Alt 1, Alt 2, and Alt 4 
For more dense deployments where channel access probability would be reduced by such a wideband LBT, finer LBT BW granularities should also be supported to achieve a better tradeoff between the channel access probability and complexity/energy savings. In our view, this can be achieved by Alt 5 wherein the LBT BW can be configured to be integer multiple of a minimum supported channel bandwidth.            

Proposal 5: For operation in the 60 GHz band, the LBT bandwidth should be specified relative to the channel bandwidth defined in RAN4 specifications.
Proposal 6: For operation in the 60 GHz band, the LBT BW can be greater than the carrier BW. 
· Support Alt 3 and Alt 5 captured in the TR. 



LBT beam
Although specifying the relationship between the LBT beam and a single transmission beam could be a straightforward task, it did not seem to be the same for the case agreed to be supported in the study when multiple transmission beams are multiplexed in the spatial domain or the time domain during the COT. As per the following agreements captured in the TR, alternatives for defining such a relationship have been discussed to ensure that the LBT procedure is accounting for the footprint of the CO to be initiated:  

	Agreement:
It can be further discussed when specifications are developed if 3GPP specifications should define the relationship between the LBT beam and the transmission beam or leave it as implementation. If such relationship is defined, it can also be further discussed when specifications are developed if ED threshold should be adjusted by the choice of LBT beam and transmission beam.

Agreement:
When LBT mode is used, spatial domain multiplexing of different beams is supported. The LBT requirement (if any) for spatial domain multiplexing of multiple beams can be further discussed when specifications are developed. At least the following can be considered while other LBT considerations are not excluded.
· Leave the LBT behaviour for implementation
· One LBT beam covers all transmission beams
· Multiple LBT beams cover multiple transmission beams

Agreement:
When LBT mode is used, time domain multiplexing of DL/UL transmissions in different beams in the same COT is supported. The LBT requirement (if any) for time domain multiplexing of DL/UL transmissions in multiple beams can be further discussed when specifications are developed. At least the following can be considered while other LBT considerations are not excluded
· No additional LBT requirement defined and leave the LBT behaviour for implementation
· Perform directional or omni-directional LBT at the beginning of COT with sensing beam(s) that covers all TDM beams and with no LBT before each beam switching in the middle of COT. 
· Perform directional or omni-directional LBT at the beginning of COT with sensing beam(s) that covers all TDM beams or the first transmission beam, and additional directional LBT with sensing beam that covers the next transmission beam for each beam switching in the middle of COT.



Given that LBT as a spectrum sharing mechanism is meant to assess whether or not the subsequent transmission(s) is allowed, whereas the impact of such transmission(s) varies significantly depending on the associated transmission beam(s), it is intuitive that determining the LBT beam should also be done in relation to these transmission beam(s), or otherwise the LBT result would be unreliable and different sensing devices would have unpredictable behavior even under the same interference conditions. In our view, when LBT is mandated as the spectrum sharing mechanism in a given region, the LBT procedure has to be unified across networks of the same RAT to ensure fair inter-operator coexistence and thus should be well specified and not left for implementation. Moreover, specifying the LBT procedure would be also important for the purpose of inter-RAT coexistence evaluations. Therefore, as a general approach, we propose to specify the spatial relationship between the LBT beam and the transmission beam for operation in the 60GHz band. For spatial domain multiplexing of different beams, both one LBT beam covering all transmission beams, and multiple LBT beams covering multiple transmission beams should be supported. 
Furthermore, to ensure that the LBT procedure performed by a COT initiating device accounts for the footprint of that COT, we propose that the associated LBT beam(s) at the beginning of the COT should cover all the time multiplexed transmission beams by that device during the COT. This can be achieved using one LBT beam or multiple parallel LBT beams. In such a case, there is no need to introduce LBT before each beam switching in the middle of COT. One notably important and relevant case to time multiplexing of transmission beams by the initiating device is the transmission of a burst of SSBs by the gNB. Given that beam sweeping of SSBs is intended for covering all possible directions to facilitate discovery by all UEs within the cell, the footprint of the SSB burst transmissions is quite broad, and thus performing LBT before such transmissions should be supported to account for that footprint.
Proposal 7: For operation in the 60 GHz band, specify the spatial relation between the LBT beam and the transmission beam.
Proposal 8: For spatial domain multiplexing of different beams, both one LBT beam covering all transmission beams, and multiple LBT beams covering multiple transmission beams are supported. 
Proposal 9: For time domain multiplexing of transmissions in different beams in the same COT, support LBT at the beginning of COT by the initiating device with sensing beam(s) that covers all TDM transmission beams from the initiating device.
Proposal 10: LBT before subsequent transmissions by the initiating device within the same COT is not supported.
Proposal 11: For operation in the 60GHz unlicensed band, support LBT before SSB burst transmission. 
LBT with a sensing beam covering all subsequent transmission beams is known as quasi-omni-directional LBT. This mechanism is used in IEEE 802.11ad DMG systems and can be introduced in the NR-U system for operation in the same 60GHz band. From an implementation point of view, quasi-omni-directional sensing is easy to implement and can simplify the system design especially when gNB serves multiple UEs in different directions. Omni-directional LBT is also the typical channel access mechanism adopted by the technologies in sub-7 GHz such as 802.11ac/ax/LAA/NR-U whereby the energy collected by each antenna element is averaged out. However, both quasi-omni-directional and omni-directional LBT could cause an ‘over protection’ problem. For example, as captured in Fig. 1, one strong signal sensed from one beam direction could block the transmission on all directions even if the detected signal would not interfere with the beamformed transmission at the receiver. (Quasi)-omni-directional LBT could thus decrease the probability of spatial reuse.
[image: ]
Fig. 1: Quasi-omni-directional LBT versus directional LBT 

Observation 1: (Quasi-)omni-directional simplifies the implementation but could lead to an ‘over protection’ problem and thus reduction of spatial reuse. 
 LBT with energy detection via a narrow sensing beam is conventionally known as directional LBT. It has the merit to improve the probability of successful channel access and enhance the spatial reuse. However, the sensing beam would be spatially related to one transmit beam direction and thus may cover just a few number of UEs in that direction. As such, the spatial reuse can be improved if one or multiple UEs in a close proximity are intended for a directional transmission. However, in order to cover many UEs in multiple different directions it is more efficient if gNB performs one (quasi)-omni-directional LBT to reduce the overhead and complexity caused by multiple directional LBTs.
It is also worth noting that when the directional LBT is performed at the transmitter side, the hidden node issue could be more emphasized due to the limited sensing direction. Therefore, it would be more useful if it is integrated into a more advanced mechanism, such as the receiver-assisted LBT as explained in Section 2.3.
Observation 2: Directional LBT potentially improves the channel access probability and enhances the spatial reuse. However, when performed at the transmitter side, the hidden node problem could be more severe due to limited sensing direction.
Receiver-assisted LBT/Receiver-only LBT  
In the unlicensed spectrum, LBT is typically performed before the transmitter expects to transmit on the unlicensed channel to protect the ongoing transmissions. In general, there are two purposes for channel sensing:  (1) determine whether the potential transmission might cause interference to other ongoing transmissions; (2) determine whether the designated receiver is experiencing interference from other ongoing transmissions. Channel sensing only at the transmitter side is efficient when the assumption is valid that the interference sensed at the transmitter side is equivalent to that sensed at the receiving side. 
However, in the high frequency, e.g. the 60GHz band, due to the beamforming and large path-loss, the following issues are more pronounced when employing LBT only at the transmitter side: (1) Hidden node issue, due to the transmitter’s inability to detect the interference at the receiver. (2) Exposed node issue, due to the transmitter maybe detecting tolerable/harmless interference to the receiver. 
Therefore, a general approach for NR-U transmission to avoid the above issues should be supporting receiver-assisted LBT as a configurable handshake mechanism between the gNB and the UE as shown in Fig. 2. 
For DL transmission, gNB performs CAT4 LBT to send DL assignments to M UEs, as discussed in Section 2.2.2, this can be done using one sensing beam or multiple beams covering the transmission beams of the respective M PDCCHs. Each DL assignment triggers an UL transmission of an idle indication (CTS) signal/channel on indicted resources upon a successful LBT by the intended receiving UE. The CTS could further include receiver-assistance information such as the interference level measured by the UE during the LBT. In order to ensure no interference during PDSCH reception from other nodes, the UE could perform such an LBT as directional sensing for a deterministic duration, i.e. CAT2 LBT in the direction of PDSCH reception as, e.g., indicated by PDCCH. As such, the gNB receives the CTS/receiver-assistance information from N (<=M) UEs to which it proceeds with the transmission of their respective PDSCHs. 
Similarly, for UL transmission, gNB performs CAT4 LBT to send UL grants to M UEs. This can be also done using one sensing beam or multiple beams covering the transmission beams of the respective M PDCCHs. However, since gNB is also the intended receiver of the UL transmission, such an LBT could serve the purpose of receiver-side sensing and assessment of the interference level at reception. Note that, this mechanism would be efficient when the scheduling time offset of PUSCH (K2) is small enough such that the interference measurement by the gNB prior to the UL grant transmission is representative of the interference during PUSCH reception. Spatial reciprocity may be assumed in such case between the transmission beam of PDCCH and the reception beam of the associated PUSCH(s).  If the scheduling time offset of PUSCH is large, the interference measurement by the gNB prior to the UL grant transmission may not represent the interference during PUSCH reception. In such a case, as shown at the bottom of Fig. 6 (b), each UL grant can also trigger a DL transmission of an idle indication (CTS) signal on indicted resources, e.g., a number of symbols preceding the allocated PUSCH start, upon a successful LBT by the gNB. The gNB could perform the LBT prior to the CTS transmission as directional sensing for a deterministic duration, i.e. CAT2 LBT in the direction of PUSCH reception. 
A UE that receives the UL grant in the first case, and receives as well the idle indication/CTS in the second case, proceeds with the transmission of the respective PUSCHs. 
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(a) DL transmission 
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(b) UL transmission
Fig. 2. LBT with receiver-assisted mechanism for NR-U in the 60GHz unlicensed band
As can be observed from the simulation results discussed in Section 4, receiver-assisted LBT provides significant coverage gains relative to the transmitter–side omni-directionl and directional LBT mechanisms, especially at medium to high load in indoor scenarios. This attests to the fact that introducing the receiver-side directional LBT is an efficient solution to combat the interference from hidden nodes that cannot be avoided using the transmitter–side LBT mechanisms.        

Receiver-only directional LBT: 
[image: ]
(c) DL transmission 
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(d) UL transmission
Fig. 3. Receiver-only LBT mechanism for NR-U in the 60GHz unlicensed band

It can be noticed from the observations on simulation results captured in the TR in SI phase that despite the relative performance gains of the receiver-assisted LBT with respect to the transmitter-side only directional and omni-directional LBT, the three mechanisms often suffered from performance loss compared to the No-LBT mechanism in a low or medium traffic. This is due to the fact that the transmitter-side LBT is common in these three mechanisms which introduces LBT overhead and may undermine the potential spatial reuse without tangible gains from interference coordination. How to design a channel access mechanism to attain the benefits of the receiver-side LBT without undermining the spatial reuse gains is thus an important question. We therefore propose the receiver-only directional LBT as a simplified and efficient variant of receiver-assisted LBT mechanism illustrated above in Fig. 2, whereby only the receiver performs the directional LBT as shown in Fig. 3. It is noted that this receiver-side LBT could be also CAT4 LBT to initiate the CO instead of the transmitter and then shares its CO with the transmitter. Intuitively, the receiver-only directional LBT saves the LBT overhead associated with the transmitter-side LBT of the receiver-assisted LBT mechanism and provides an efficient trade-off as it aims at increasing the spatial reuse while mitigating the hidden node issue when present. 
Observation 3：Receiver-only directional LBT saves the LBT overhead associated with the transmitter-side LBT of the receiver-assisted LBT mechanism and provides an efficient tradeoff as it aims at increasing the spatial reuse while mitigating the hidden node issue.
In Section 4, we highlight the key observations from our further updated SLS results provided in details in our companion contribution [3]. The updated SLS results consider the performance of the channel access mechanisms in a system using wider beam transmissions compared to the baseline scenario, as well as the impact of reducing the CW size for CAT4 LBT, varying the EDT-Rx used at the receiver side, and the granularity of the receiver assistance information. In summary, compared to No-LBT, substantial coverage gains are achieved using Receiver-assisted LBT/Receiver-only LBT in the indoor scenario, especially at medium and high traffic load. Even higher gains are realized when wider beams are used for directional transmissions. Whereas, receiver-only LBT outperforms all the channel access mechanisms considered.       
Proposal 12：For operation in the 60 GHz band, receiver-side LBT should be supported.

Channel access mechanisms without LBT
According to the following agreement captured in the TR, for operation where LBT is not required, it can be further discussed when specifications are developed whether to introduce additional restrictions, such as DFS, ATPC, long term sensing, certain duty cycle limitation, certain transmit power limitation, MCOT limits, etc., or leave the restriction for gNB implementation.
	Agreement:
Capture the following in the TR:
For operation where LBT is not required, it can be further discussed when specifications are developed 
· If RAN1 should introduce additional conditions/mechanisms for no-LBT to be used, or leave it for gNB implementation
· When no-LBT mode is used, if RAN1 should introduce additional restrictions, such as DFS needs to be applied, ATPC needs to be applied, long term sensing needs to be applied, certain duty cycle limitation, certain transmit power limitation, MCOT limits, etc, or leave the restriction for gNB implementation
· When no-LBT mode is used, if RAN1 should introduce mechanism for the system to fallback to LBT mode, or leave it for gNB implementation



In our view, for regions wherein LBT is not mandated by regulations, No-LBT channel access can be performed to initiate a channel occupancy by a transmitter in conjunction with some means of interference mitigation scheme. The interference mitigation schemes such as ATPC or DFS would be implemented as specified by the region-specific regulations and do not need to be specified by 3GPP. This was in fact the approach taken by 3GPP when developing the specifications of Rel-16 NR-U: Despite that DFS requirements and procedures are specified in the ETSI BRAN HS for 5GHz (EN 301 893), NR-U specifications did not capture such requirements and procedures. 
According to the revised WID objectives in [1], channel access mechanisms assuming beam based operation are considered in order to comply with the applicable regulatory requirements. Among these objectives is to specify both LBT and No-LBT related procedures, whereas for the No-LBT case no additional sensing mechanism is specified. Therefore, additional restrictions such as long term sensing are also deemed out of scope. 
It was also agreed that for operation where LBT is not required, it can be further discussed when specifications are developed, whether to introduce a mechanism for the system to fallback to LBT mode, or leave it for gNB implementation. In our view, switching between channel access with LBT and channel access without LBT in a serving cell by gNB configuration should be supported. As such, in regions where LBT is not required, a serving cell can be configured to enable the LBT mode based on some performance criteria such as when a high level of interference is experienced. 
For instance, serving cell can configure for Rx-side LBT to mitigate the interference from hidden nodes and improve performance. We note that mitigating/avoiding the potential interference at the receiver caused by hidden nodes should be targeted to overcome this drawback of the full spatial reuse in the No-LBT mechanism. This is corroborated by the significant throughput and coverage gains of receiver-only directional LBT over No-LBT observed in Section 4.
It should be noted however that when the network allows enabling/disabling the LBT mode through cell-specific gNB configuration, coexistence issues would arise as the performance in the cells operating with LBT mode would be adversely impacted by the No-LBT mode in the neighboring cells. Therefore, from the potential additional restrictions captured in the TR, MCOT limits should be applied for a channel occupancy initiated without LBT.  
Proposal 13：For operation in the 60 GHz band, in regions where LBT is not mandated, a gNB/UE can initiate a channel occupancy access using a channel access mechanism without LBT if it is used in conjunction with an interference mitigation scheme.
· Interference mitigation schemes such as ATPC or DFS would be implemented as specified by the region-specific regulations and do not need to be specified by 3GPP. 

Proposal 14：For operation in the 60 GHz band, in regions where LBT is not mandated, support switching between channel access with LBT and channel access without LBT in a serving cell by gNB configuration.
Proposal 15：For operation in the 60 GHz band, in regions where LBT is not mandated, the serving cell may enable Rx-side LBT using a higher layer configuration to mitigate high levels of interference experienced from hidden nodes. 

Observation 4：When network allows enabling/disabling the LBT mode through cell-specific gNB configuration, coexistence issues would arise as the performance in the cells operating with LBT mode would be adversely impacted by the No-LBT mode operation in the neighboring cells.
Proposal 16：For operation in the 60 GHz band, in regions where LBT is not mandated, MCOT limits should be applied for a channel occupancy initiated without LBT.
Transmission of short control signalling without LBT: Furthermore, as per the following agreement captured in the TR, contention-exempt short control signalling is supported for regions where LBT is required and short control signalling without LBT is allowed, whereas the restrictions on the transmission such as duty cycle, content, TX power, etc. can be discussed when specifications are developed: 
	Agreement:
· Support of contention-exempt short control signalling transmission in 60GHz band for regions where LBT is required and short control signaling without LBT is allowed.
· Note: If regulations do not allow short control signaling exemption in a region when operating with LBT, operation with LBT for these short control signals should be supported
· Restrictions to the transmission, such as, on duty cycle (airtime measured over a relatively long period of time), content, TX power, etc. can be discussed when specifications are developed.



According to section 5.3.8.2 in EN 302 567, examples of short control signalling include ACK/NACK signals, beacon frames, other time synchronization frames and frames for beamforming. The same document sets a maximum duty cycle limit for the time synchronization and beam forming frames as 10 % within an observation period of 100 ms. 
In our view, contention-exempt short control signalling can be defined in the 3GPP context as a short transmission burst that contains unicast control information with no user plane data. The duty cycle 10 % within an observation period of 100 ms can be adopted.
Proposal 17：For operation in the 60 GHz band, in regions where LBT is mandated, support transmission of short control signalling without LBT, and with a duty cycle 10 % within an observation period of 100 ms.
· Short control signaling is defined as a short transmission burst that contains unicast control information without any user plane data.

Observations from system level simulation results 
The simulation results in Fig. 4 show the mean value and the 5th percentile user perceived throughput (UPT) for the channel access mechanisms discussed earlier with both DL and UL FTP3 traffic loads with the file size of 27Mbytes for the Indoor scenario A. A bandwidth of 2 GHz and a SCS of 960 kHz are assumed. It is assumed that the CW is set to a fixed value of 5 observation slots and MCOT equals 5ms. It is also assumed that the EDT used by the receiver for the LBT before sending CTS with interference level feedback in receiver-assisted/receiver-only LBT is the same as the baseline EDT (-47dBm). According to the baseline simulation scenario, 64 antenna elements for the gNB and 8 antenna elements for the UE were assumed.  
The simulation results in Fig. 5 show the mean value and the 5th percentile UPT for the same channel access mechanisms in Indoor scenario A under the same set of assumptions used for the results in Fig 4 yet with 32 antenna elements assumed for the gNB and 4 antenna elements assumed for the UE to allow for studying the performance of these channel access mechanisms in a system where wider transmission beams are used, e.g., due to limited number of antennas on low-cost devices. 
Details of the system level simulation scenarios for all indoor and outdoor deployments, respective parameters and simulation results are provided in our companion contribution [5].  
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Fig. 4. Simulation results with various channel access mechanism for 60GHz band in indoor scenario-A with InH open office (64 antenna elements for gNB, 8 antenna elements for UE). 


As can be observed from Fig. 4, receiver-assisted LBT provides coverage gains relative to the transmitter–side omnidirectional and directional LBT mechanisms, as well as No-LBT, in the indoor scenario A. Intuitively, such benefits are more significant under medium to high traffic load conditions. Since the UPT of the cell-edge users is more sensitive to interference, the coverage gains are even more significant when the probability of hidden nodes is increased due to wider beam transmissions as observed from Fig. 5. This attests to the fact that the receiver-assisted LBT is an efficient solution to combat the interference from hidden nodes that cannot be avoided using the transmitter–side LBT mechanisms and the No-LBT mechanism.    
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Fig. 5. Simulation results with various channel access mechanism for 60GHz band in indoor scenario-A with InH open office (32 antenna elements for gNB, 4 antenna elements for UE).
According to the above evaluation results, receiver-only LBT has the best performance compared to other channel access types in fifth percentile DL and UL user throughput. The relative gains of receiver-only LBT to No-LBT shown in Table 1 are 177% in the DL and 75% in the UL for cell edge at high traffic load under the baseline assumption. Whereas, the gain of receiver-only LBT compared to No-LBT could be 291% in the DL and 103% in the UL for cell edge at high traffic load when half-reduced antenna elements are configured as shown in Table 2.
Table 1. Performance of various channel access type at high traffic load (64 antenna elements for gNB, 8 antenna elements for UE)
	Channel access type/User throughput(Mbps)
	DL mean UPT
	UL mean UPT
	DL 5%
UPT
	UL 5%
UPT
	Gain of DL mean UPT
w.r.t No-LBT
	Gain of UL mean UPT
w.r.t No-LBT
	Gain of 5% DL UPT
w.r.t No-LBT
	Gain of 5% UL UPT
w.r.t No-LBT

	No-LBT
	2388.7
	1521.8
	85.7
	86.6
	
	
	
	

	Directional LBT
	2446.7
	1521.1
	101.3
	82.3
	2%
	0%
	18%
	-5%

	Omni-dir LBT
	2452.9
	1538
	95.9
	89.8
	3%
	1%
	12%
	4%

	Receiver-assisted LBT
	2494.2
	1607.9
	191.7
	145.6
	4%
	6%
	123%
	68%

	Receiver-only LBT
	2715.7
	1637.6
	237.6
	151.5
	14%
	8%
	177%
	75%



Table 2. Performance of various channel access type at high traffic load (32 antenna elements for gNB, 4 antenna elements for UE)
	Channel access type/User throughput(Mbps)
	DL mean UPT
	UL mean UPT
	DL 5%
UPT
	UL 5%
UPT
	Gain of DL mean UPT
	Gain of UL mean UPT
	Gain of 5% DL UPT
	Gain of 5% UL UPT

	No-LBT
	1842.4
	1208.4
	34.7
	44.5
	
	
	
	

	Directional LBT
	1852.7
	1193.5
	39.3
	16.6
	1%
	-1%
	13%
	-37%

	Omni-dir LBT
	1964.1
	1218.8
	52.4
	40.9
	7%
	1%
	51%
	-8%

	Receiver-assisted LBT
	2033.6
	1299.1
	88.9
	76.4
	10%
	8%
	156%
	72%

	Receiver-only LBT
	2215.7
	1340
	135.6
	90.4
	20%
	11%
	291%
	103%



It can be observed from the above figures and tables that transmit-side directional and omni-directional LBT can provide gains relative No-LBT in the DL, and especially in terms of coverage, when the LBT overhead by the gNB is reduced via limiting the CW size. 
Furthermore, the gains from receiver-assisted LBT/Receiver-only LBT over the transmitter-side LBT mechanisms, and also over No-LBT, especially in terms of coverage, suggest that when No-LBT is used in regions where LBT is not mandated by regulations, the hidden node issue would still persist. 

Observation 5: When No-LBT is used in regions where LBT is not mandated by regulations, the hidden node issue would still persist.
Observation 6: Compared to No-LBT, substantial coverage gains are achieved using Receiver-assisted LBT/Receiver-only LBT in the indoor scenario, especially at medium and high traffic load.
· Even higher gains are realized when wider beams are used for directional transmissions    

Impact of interference level feedback on DL Receiver-assisted/receiver-only LBT: 
In the following set of results, for receiver-assisted/receiver-only LBT, receiver-side LBT using an EDT threshold (EDT_Rx) is performed at the UE side before sending CTS/assistance information reporting in the DL or at gNB side for directional sensing in direction of potential PUSCH reception from the corresponding UE. EDT_Rx = -71dBm + 10log10 (BW/2GHz) + offset_dB was assumed. 
Table 3 shows the performance of the average and fifth percentile DL UPT if only CTS/idle indication is fed back when the interference level sensed by UE in certain directional beam is lower than the EDT_Rx using different EDT_Rx threshold values. It is noted that CTS/idle indication including the actual interference level would benefit the gNB’s scheduling of the best UEs among those who have experienced interference levels below the EDT_Rx. For low EDT_Rx threshold, the results show comparable performance in both mean and fifth percentile user throughput. For higher EDT_Rx threshold, i.e. as high as the baseline transmit –side EDT, due to only one bit information being reported to the gNB, it is observed that the performance of the fifth percentile degraded about 33%.
Table 3. Simulation results with different EDT_Rx and feedback information in DL receiver assisted/receiver-only LBT in indoor scenario-A
	EDT_Rx(dBm)
	-47
	 -51
	-61

	User perceived  throughput(Mbps)
	Mean DL UPT
	5% DL UPT
	Mean DL UPT
	5% DL UPT
	Mean DL UPT
	5% DL UPT

	CTS/idle indication with actual interference level reporting
	3873.5
	559.5
	3875.8
	566.6
	3832.6
	563.7

	Only CTS/idle indication reporting
	3528.2
	377.4
	3551.1
	419.5
	3771.9
	550.1

	Relative Loss 
	-9%
	-33%
	-8%
	-26%
	-2%
	-2%



[bookmark: _GoBack]Observation 7: For Receiver-assisted LBT/Receiver-only LBT, if a high EDT_Rx threshold is used, the DL cell-edge performance degrades if only CTS/idle indication is fed back when interference level is lower than the EDT_Rx threshold.

Conclusions
Based on the discussions, the following proposals and observations were made:
Proposal 1: For operation in NR-U-60, the EDT formula adopted from draft v2.1.20 of EN 302 567 as a baseline should be adjusted to account for an LBT BW other than 2 GHz. 
Proposal 2: For operation in NR-U-60, the EDT formula adopted from draft v2.1.20 of EN 302 567 as a baseline should be adjusted such that, for a given RF output power (EIRP), EDT proportionally increases with the beamforming gain of the potential following transmission.
Proposal 3: For operation in NR-U-60, when LBT is used, adopt the following generalized formula to capture the potential enhancements to the baseline EDT formulae:
· EDT= X+Y-min(Y, Po + a GTX )    [dBm],   wherein 0≤a ≤1    [dBm/dBi],
· X is a reference CCA level further adjustable based on LBT BW, e.g. X=-47+10log10(BW/2GHz), 
· Y is the maximum EIRP limit, e.g. Y=40 dBm,  
· GTX is the effective transmit antenna gain at the potential transmitter [dBi],
· Po is the output power to the transmit antenna array [dBm] such that Pout (EIRP)= Po+GTX.
Proposal 4: It should be clarified whether antenna gain is counted in the received energy when compared with the EDT.
Proposal 5: For operation in the 60 GHz band, the LBT bandwidth should be specified relative to the channel bandwidth defined in RAN4 specifications.
Proposal 6: For operation in the 60 GHz band, the LBT BW can be greater than the carrier BW. 
· Support Alt 3 and Alt 5 captured in the TR. 

Proposal 7: For operation in the 60 GHz band, specify the spatial relation between the LBT beam and the transmission beam.
Proposal 8: For spatial domain multiplexing of different beams, both one LBT beam covering all transmission beams, and multiple LBT beams covering multiple transmission beams are supported. 
Proposal 9: For time domain multiplexing of transmissions in different beams in the same COT, support LBT at the beginning of COT by the initiating device with sensing beam(s) that covers all TDM transmission beams from the initiating device.
Proposal 10: LBT before subsequent transmissions by the initiating device within the same COT is not supported.
Proposal 11: For operation in the 60GHz unlicensed band, support LBT before SSB burst transmission. 
Observation 1: (Quasi-)omni-directional simplifies the implementation but could lead to an ‘over protection’ problem and thus reduction of spatial reuse. 
Observation 2: Directional LBT potentially improves the channel access probability and enhances the spatial reuse. However, when performed at the transmitter side, the hidden node problem could be more severe due to limited sensing direction.
Observation 3：Receiver-only directional LBT saves the LBT overhead associated with the transmitter-side LBT of the receiver-assisted LBT mechanism and provides an efficient tradeoff as it aims at increasing the spatial reuse while mitigating the hidden node issue.
Proposal 12：For operation in the 60 GHz band, receiver-side LBT should be supported.
Proposal 13：For operation in the 60 GHz band, in regions where LBT is not mandated, a gNB/UE can initiate a channel occupancy access using a channel access mechanism without LBT if it is used in conjunction with an interference mitigation scheme.
· Interference mitigation schemes such as ATPC or DFS would be implemented as specified by the region-specific regulations and do not need to be specified by 3GPP. 

Proposal 14：For operation in the 60 GHz band, in regions where LBT is not mandated, support switching between channel access with LBT and channel access without LBT in a serving cell by gNB configuration.
Proposal 15：For operation in the 60 GHz band, in regions where LBT is not mandated, the serving cell may enable Rx-side LBT using a higher layer configuration to mitigate high levels of interference experienced from hidden nodes. 

Observation 4：When network allows enabling/disabling the LBT mode through cell-specific gNB configuration, coexistence issues would arise as the performance in the cells operating with LBT mode would be adversely impacted by the No-LBT mode operation in the neighboring cells.
Proposal 16：For operation in the 60 GHz band, in regions where LBT is not mandated, MCOT limits should be applied for a channel occupancy initiated without LBT.
Proposal 17：For operation in the 60 GHz band, in regions where LBT is mandated, support transmission of short control signalling without LBT, and with a duty cycle 10 % within an observation period of 100 ms.
· Short control signaling is defined as a short transmission burst that contains unicast control information without any user plane data
Observation 5: When No-LBT is used in regions where LBT is not mandated by regulations, the hidden node issue would still persist.
Observation 6: Compared to No-LBT, substantial coverage gains are achieved using Receiver-assisted LBT/Receiver-only LBT in the indoor scenario, especially at medium and high traffic load.
· Even higher gains are realized when wider beams are used for directional transmissions   
Observation 7: For Receiver-assisted LBT/Receiver-only LBT, if a high EDT_Rx threshold is used, the DL cell-edge performance degrades if only CTS/idle indication is fed back when interference level is lower than the EDT_Rx threshold.
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