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1. Introduction
[bookmark: _Hlk510705081]The study item on supporting NR from 52.6 GHz to 71 GHz [1] was approved at RAN#86. Before that, 3GPP studied use cases, deployment scenarios, and NR system design requirements [2] as well as regulatory requirements [3] for 60 GHz unlicensed spectrum.  
In this contribution, we consider the co-channel coexistence mechanisms suitable for NR on 60 GHz unlicensed band, corresponding to the following objectives of the approved study item [1]:  
· Study of channel access mechanism, considering potential interference to/from other nodes, assuming beam based operation, in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz [RAN1].
· Note: It is clarified that potential interference impact, if identified, may require interference mitigation solutions as part of channel access mechanism.
In RAN1#102 [4], following related conclusions and agreements were reached: 
[bookmark: _Hlk49521453]Conclusion:
The OCB requirement of draft version v2.1.20 of EN 302 567 implies that 
· Device supports one or multiple declared nominal channel bandwidths. 
· For each declared nominal channel bandwidth, RAN1 design should support at least one physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth. 
· FFS: Mapping of nominal channel bandwidth to bandwidth definitions in NR.
Conclusion:
The RAN1 understanding of the CCA check procedure in draft v2.1.20 of EN 302 567 is as follows:
· When performing CCA before initiating transmission, during count down, when an observation slot fails ED, the counter freezes, and will continue count down 8us after the interference is detected to be gone
[bookmark: _Hlk53388882]Agreement:
· For gNB/UE to initiate a channel occupancy, both channel access with LBT mechanism(s) and a channel access mechanism without LBT are supported
· FFS: LBT mechanisms such as Omni-directional LBT, directional LBT and receiver assisted LBT type of schemes when channel access with LBT is used.
· FFS: If operation restrictions for channel access without LBT are needed, e.g. compliance with regulations, and/or in presence of ATPC, DFS, long term sensing, or other interference mitigation mechanisms
· FFS: The mechanism and condition(s) to switch between channel access with LBT and channel access without LBT (if local regulation allows)
Agreement:
[bookmark: _Hlk53390434]Use the LBT procedures in draft v2.1.20 of EN 302 567 as the baseline system evaluation with LBT
· Enhancements to ED threshold, contention window sizes etc. can be considered as part of the evaluations.   
2. Channel access without LBT 
60 GHz unlicensed band can be used for a wide variety of NR use cases, some of which, e.g. relaying and IAB backhaul, are relevant for scenarios where transmissions are highly directional. In such scenarios, the need for and benefits from LBT are unclear. However, LBT procedure can have considerable implementation impact for the very high data rate devices to be used on 60 GHz band. Correspondingly, it was agreed in RAN1#102 that channel access mechanism without LBT is supported. As LBT procedure involves considerable implementation impact, the mechanism without LBT should cause only limited additional implementation efforts.
The variety of relevant use cases may be seen also in ETSI BRAN work. In addition to the work item on harmonized standard EN 302 567 [5] covering the requirements of at least c1, ETSI BRAN has an ongoing work item developing harmonized standard EN 303 722 for fixed network equipment according to the requirements of at least c3. A new work item for a new harmonized standard (EN 303 753) to cover devices not in scope of the other two standards was adopted by BRAN in July 2020 [6], and the intended harmonized standard is likely suitable for 3GPP NR-U systems. Work on EN 303 753 is expected to continue until late 2021, and the decisions on coexistence mechanisms would take into account latest developments in 3GPP and other relevant SDOs. We see that channel access mechanism without LBT should fulfil the expected requirements of EN 303 722 but also possibly EN 303 753.
In the following, we discuss candidate coexistence mechanisms, namely, dynamic frequency selection (DFS), automatic transmit power control (ATPC), and automatic link adaptation (LA). Firstly, we briefly consider the impact of beamforming on interference and coexistence. 
1 
2 
Beamforming impact
[bookmark: _Hlk31791510]Beamforming impacts significantly interference as well as co-channel coexistence. Narrow beams or large antenna gain will limit the transmitted signal to a certain direction (from transmitter). If EIRP is kept constant, the spatial area interfered by a transmitted signal is reduced with more narrow beams. Additionally, narrow Rx beams can suppress interference coming from directions outside the Rx beam. 
In accompanying paper [7] we presented simulation results for single and two operators in the Scenario Indoor-A [8]. Both full load and half-load cases were evaluated. The offered load as well as the number of served UEs was doubled on the indoor office area when the second network was introduced. Nevertheless, drop in mean throughput remained below 30% for DL and below 40% for UL. 30% to 60% throughput losses were observed at 5%ile cell edge. The results show that beamforming alone without LBT, even with a modest number of antenna elements, can provide enough spatial separation for efficient coexistence of two networks. 
Automatic transmit power control and automatic link adaptation
The coexistence mechanisms in EN 303 722 are still under discussion but may include automatic transmit power control and automatic link adaptation.  
Automatic transmit power control is considered as effective and cost-efficient coexistence mechanism in [9]. In [9], ATPC is described as a mechanism adjusting the transmit power to the minimum power that is necessary to operate the link with the desired performance. ATPC requires feedback from the receiver but does not involve additional measurements on channel occupancy. The existing NR uplink power control can be seen to provide desired ATPC also from the coexistence viewpoint. However, there are several open issues related to ATPC on downlink, such as, which DL signals and channels the ATPC should be applied to, how dynamic should DL ATPC be, how wide power control range is required, and how much changes to NR standards are needed. 
Automatic link adaptation aims to maximize the link throughput by adjusting the modulation and coding scheme according to the channel conditions. This aims for efficient use of spectrum, hence reducing the transmission time for a certain amount of data. Correspondingly, link adaptation facilitates spectrum sharing. Again, there are several open issues related to possible EN 303 722 requirements for link adaptation and, correspondingly, whether changes are needed to NR standards. 
[bookmark: _Hlk53665293]Proposal 1: NR for 60 GHz band shall be able to fulfil the EN 303 722 requirements for spectrum sharing based on automatic transmit power control and/or automatic link adaptation. Needed specification changes, if any, are to be studied along with EN 303 722 progress. 
Dynamic frequency selection 
The principle of dynamic frequency selection is simple: system selects or switches channel on which it operates to avoid a channel occupied by other systems. An example of DFS requirements is captured on [10] for radar avoidance and uniform loading of spectrum. 
DFS appears as an interesting coexistence mechanism candidate for NR, especially for use cases not limited to fixed network equipment but not requiring LBT either. In [9], DFS is assessed to be effective and cost-efficient coexistence mechanism (to mitigate interference from multi gigabit wireless systems to fixed service applications). Further, DFS design can be reasonable from the viewpoint of standardization and implementation efforts: 
· Existing NR functions provide a natural base for gNB and UE to act as DFS master and slave devices
· DFS time scales for 60 GHz band coexistence can be designed to allow full utilization of existing NR functions
· [bookmark: _Hlk40096075]Expected DFS time scales allow gNB to incorporate UE channel measurements into channel load assessment with reasonable implementation efforts
· A form of DFS is already required for gNB operation on 5 GHz unlicensed band.    
Hence, we see that DFS is one possible channel access mechanism that may be considered. There is no need to standardize the exact DFS mechanisms as those can be left for gNB implementation using existing NR functionalities. However, there would be a need to specify the requirements related e.g. to time for the DFS.     
In several regions or countries, there are 6 or 4 channels with 2.16 GHz channelization available [2]. This may be expected to be enough for practical DFS operation. However, there are only 2 channels available in China, which presents a limitation to DFS operation with 2.16 GHz channels. In such coexistence situations, DFS operation based on channels narrower than 2.16 GHz can be considered. 
[bookmark: _Hlk53665321]Proposal 2: Consider DFS as channel mechanism without LBT for use cases not limited to fixed network equipment but not requiring LBT either.  
3. Design of Listen-Before-Talk procedure
Energy detection (ED) LBT procedure is one of the most common coexistence mechanisms. It is supported by 802.11ad/ay on the 60 GHz band with quasi-omnidirectional beamforming configurations with a relatively high energy detection threshold of -48 dBm (as well as preamble detection at -68 dBm). In RAN1#102e [4] it was agreed that channel access with LBT mechanism(s) is supported for gNB/UE to initiate a channel occupancy. Omni-directional LBT, directional LBT and receiver assisted LBT were identified as schemes for further study. In this section, we discuss channelization as well as baseline LBT design aspects. 
3.1 Channelization
Channelization is one of the first steps to consider in the design of coexistence mechanism. Channelization can be used to define the frequency domain blocks on which the operation of coexistence mechanisms is defined. For example, the operation of Rel.16 NR-U channel access is determined in 20 MHz channels or sub-bands, while the bandwidth of NR-U carrier or BWP may be larger than that.
In [11], ITU-R recommends 2.16 GHz channel bandwidth for multiple gigabit wireless systems (MGWS) on the grounds that MGWS standards should employ the same channelization for better coexistence. IEEE 802.11ad/ay standards use 2.16 GHz channels. In [12], need for channelization was questioned based on results showing that the probability of interference is low and IEEE 802.11ay channels with over 2.16 GHz BW overlap each other. However, as multiple channel access mechanisms are supported for NR, it makes sense to configure LBT channel access only in cells with reasonable impact from interference. In such cases the  probability of interference is not necessarily low. Further, also 802.11ay wider channels follow the basic 2.16 GHz channelization. Hence, we see that 2.16 GHz channel bandwidth should be used in the design of NR LBT mechanism.
The maximum PSD is reduced with a transmission bandwidth as wide as 2.16 GHz in comparison to narrower bandwidths. As an example, average PSD would be 6.7 dBm/MHz for 40 dBm EIRP with 2.16 GHz transmission bandwidth. Based on [13], UE peak EIRP is expected to be considerably lower at least for UE power classes 2 – 4. As another example, 23 dBm EIRP would result in -10.3 dBm/MHz average transmission PSD with 2.16 GHz BW. UE EIRP can be expected to be considerably lower toward other transmit directions than the direction of peak EIRP [13]. When signal is received at very low PSD, for example channel estimation loss is expected to be considerable (or pilot overhead needs to be increased), causing degradation also in throughput. This can be mitigated with narrower signal bandwidth allowing larger PSD. Hence, it makes sense to consider also transmissions with a bandwidth smaller than the 2.16 GHz channel bandwidth to ensure reasonable received signal PSD also in cell edge conditions.   
[bookmark: _Hlk47704289]Proposal 3: Channelization based on 2.16 GHz is assumed in the channel access mechanism design.  
Proposal 4: Transmissions with a (channel) bandwidth smaller than 2.16 GHz, such as 400 MHz, are also supported by the channel access mechanism design.
3.2 Baseline LBT procedure
In this section, we address some basic design aspects for LBT procedure. It makes sense to adopt an existing LBT procedure as a baseline for the LBT design. Rel-16 NR-U LBT procedure and LBT procedure outlined in EN 302 567 are natural candidates for LBT design baseline. It should be noted that the LBT outlined in EN 302 567 is considerably simpler than Rel-16 NR-U LBT. For example, EN 302 567 LBT allows for the use of fixed contention window size and does not involve channel access priority classes. The EN 302 567 draft V2.1.20 allows also for LBT procedure with reduced contention overhead due to shorter contention window size while Rel-16 NR-U ensures low collision probability with longer and more structured contention windows. As interference and channel access contention are expected to be less severe on 60 GHz than on 5 GHz unlicensed band due to more directive transmissions and stronger signal attenuation, we prefer simpler LBT design. Further, the LBT procedures in draft EN 302 567 v2.1.20 were agreed in RAN1#102 [4] to be used as the baseline for system evaluation with LBT. Hence, we propose EN 302 567 draft V2.1.20 LBT as baseline for LBT procedure design. 
[bookmark: _Hlk47704338]Proposal 5: LBT procedure described in EN 302 567 draft V2.1.20 is used as baseline for LBT procedure design for 60 GHz unlicensed band.
NR on 5 GHz unlicensed band supports Type 2C channel access without channel sensing for UE responding within a gNB acquired shared COT. Similar behaviour is supported in EN 302 567, where LBT procedure contains step [5]: 
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.
Correspondingly, we propose that channel access without channel sensing is supported for UE responding within a gNB initiated shared COT also on 60 GHz band.
[bookmark: _Hlk53665397]Proposal 6: LBT procedure for 60 GHz band supports channel access without channel sensing for UE responding within a gNB initiated shared COT.
Additionally, support for LBT exempt transmissions of SSBs and other critical reference signals, PRACH and SR could be considered. Periodic transmission of SSB is critical for cell operation, while allowing LBT exempt transmissions for PRACH or SR would improve UL latency for UEs not supporting LBT as well as for UEs exposed to frequent interference (causing LBT failure). If needed, LBT exempt UL transmissions may be limited to a low Tx power (e.g. 10 dBm or less) with a certain minimum beamforming gain, ensuring a small interfered area and overall interference from LBT exempt transmissions, while allowing low latency PRACH, SR or CG-PUSCH transmissions outside of gNB initiated COTs. 
[bookmark: _Hlk53665403]Proposal 7: Support LBT exempt transmissions for SSBs and other reference signals critical for cell operation.
Proposal 8: Support LBT exempt UL transmissions with a low Tx power (e.g. 10 dBm or less) and with a certain minimum beamforming gain for better support of low latency PRACH, SR or CG-PUSCH.    
As discussed, we propose that NR will support multiple (sub-)channel bandwidths with maximum carrier bandwidth in range of 400 MHz to 2.16 GHz. To facilitate coexistence, narrow BW sub-channels may be nested within a 2.16 GHz channel so that multiple narrow BW sub-channels are located within a 2.16 GHz channel. 
However, it should be noted that cells with different bandwidth are interfered differently: 
· 2.16 GHz BW contains fully the narrowband interference as shown in Figure 1. All of the narrowband interference interferes the 2.16 GHz receiver and LBT.  
· On the other hand, narrowband cell’s BW contains only a fraction of 2.16 GHz interference as shown in Figure 2. Hence, only a fraction of 2.16 GHz interference interferes the narrowband receiver and LBT. 
If both cells employ the same LBT energy detection threshold (EDT), narrowband interference exceeds 2.16 GHz LBT EDT at a greater pathloss than 2.16 GHz interference exceeds narrowband LBT EDT. So, there could be unfair situations where the narrowband cell can freely access the channel without deferring any transmissions due to 2.16 GHz interference while the LBTs on the 2.16 GHz cell more frequently detect interference causing deferring of transmissions. 
To fix this issue, a lower EDT could be used on the narrowband cell. However, this would make LBTs on the narrowband cells unnecessarily sensitive for interference between narrowband cells. In other words, narrowband interference would cause LBT on another narrowband cell to defer transmissions unnecessarily easily, degrading the spatial reuse between the narrowband cells. 
However, it should be first assessed whether the difference on LBT bandwidths for the same EDT causes significant enough performance impact justifying a specific solution. The solution should also maintain efficient spatial reuse between cells of same bandwidth. 
[bookmark: _Hlk47704375]Proposal 9: Consider the need for LBT ensuring fairness between cells with different bandwidths while maintaining efficient spatial reuse between cells of same bandwidth.
[image: ]
Figure 1: Narrowband interference interfering wideband receiver
[image: ]
Figure 2: Wideband interference interfering narrowband receiver
3.3 Directional LBT 
When designing LBT for beam-based system, it is natural to consider also the beamforming configuration to be used for LBT channel sensing. In extreme, the question may be simplified to the use of quasi-omnidirectional beamforming configuration (or omnidirectional LBT) versus the use of directional beamforming (directional LBT). 
When a gNB is transmitting to a single direction during a COT, e.g., to a single UE, it may be a compelling idea to limit the channel sensing to the direction of intended transmission and, hence, minimize the risk of negative LBT outcome due to interference coming from a totally different direction (where energy would not be transmitted anyway). On the other hand, quasi-omnidirectional LBT or LBT covering multiple directions is attractive for the gNB when a single COT should contain transmissions to multiple directions and LBT threshold is only seldomly exceeded in the considered cell or deployment. It is clear that performance benefits as well as related trade-offs of omnidirectional and directional LBT require further investigations and both options need to be considered in the channel access design. 
[bookmark: _Hlk53665436]Observation 1: Both omnidirectional and directional LBTs need to be considered on the channel access design.
Beamforming for LBT should remain flexible at the gNB as the appropriate type of beamforming may depend e.g. on the deployment, gNB antenna configuration, or even on the combination of signals to be transmitted in the COT. Standardizing sufficiently flexible LBT (directional) beamforming for gNB may be complex yet futile task due to large number of scenarios to be considered. For example, EN 302 567 is silent on the beamforming for LBT, hence, leaving flexibility for implementation. Therefore, we see that the beamforming for gNB’s LBT should be left for implementation as much as possible and only the necessary requirements need to be specified, e.g., that LBT should sense the channel in the direction(s) of intended transmission.
[bookmark: _Hlk53665442]Proposal 10: Beamforming for gNB’s LBT is left for implementation as much as possible and only necessary requirements are specified.
gNB needs to frequently serve multiple directions in a single COT in a time multiplexed manner due to use of analog or hybrid beamforming. Transmissions on different beams are also heavily interleaved in time. For example, gNB may transmit UL grant for a first UE, and while the UE is preparing the PUSCH, gNB may transmit a DL assignment and PDSCH for a second UE, receive CSI from a third UE, and then receive PUSCH from the first UE, receive HARQ-ACK from the second UE, etc. Channel sensing prior to every change of Tx beam, possibly consuming 1-5 symbol durations depending on subcarrier spacing, would induce considerable overhead. 
More efficient operation is achieved when gNB senses the channel on directions corresponding to the Tx beams to be used within channel occupancy only at the beginning of COT. Obviously, there are periods within the channel occupancy when gNB is not transmitting on a certain beam, and the channel may appear temporarily vacant in that direction. However, there is no essential difference between whether the silent period is caused by the gNB transmitting on a different beam, or by the gNB receiving UL transmission in a shared COT. This is illustrated in Figures 3 and 4 presenting possible gNB transmissions on a shared COT. Figure 3 presents a case where the shared COT contains transmissions on single beam while Figure 4 presents a case for transmissions over 3 beams. In both cases there are pauses on gNB transmissions on a beam considered.     
[bookmark: _Hlk53665459]Proposal 11: gNB can serve multiple beams in TDM manner, resulting in transmissions gaps on a beam, within a COT after sensing the channel on the corresponding directions at the beginning of the COT.
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Figure 3. gNB transmissions on a beam during a shared COT. 
[image: ]
Figure 4. gNB transmissions on 3 beams during a shared COT
3.4 Receiver assistance for LBT
Ideal LBT would defer a transmission when the intended receiver is considerably interfered by an on-going transmission, or when the transmission would considerably interfere the reception of already on-going transmission. The basic approximation of transmitter ED-LBT is that channel energy measured on the transmitter is highly correlated with the channel energy at the receiver. While this is a reasonable approximation with omni-directional antennas, the measured channel energy may be very different at transmitter and receiver with beam-based operation. 
Receiver assisted LBT could incorporate receiver measurements into LBT procedure at the price of additional delay and complexity, which can be considerable with the very high data rate devices to be used on 60 GHz band. On other hand, only mechanism(s) providing considerable improvement on the achievable performance /fairness trade-off with reasonable implementation efforts should be supported in our view. Hence, any standardized Rx assisted channel access mechanism should provide considerable benefits in a reasonable range of different situations and with realistic UE feedback delays.
[bookmark: _Hlk53665485]Observation 2: Considerable benefits from Rx assistance should be shown in a reasonable range of different situations and with realistic UE feedback delays given the considerable implementation effort involved.
It is also worth to consider alternatives for a Rx assistance that is tightly incorporated to LBT procedure with tight processing time requirements (for reducing the waste of channel access time due to the handshaking procedure before actual data transmissions): 
· Rx assistance could be configured only to the UEs that are rather frequently detecting high interference. This way the drawbacks from Rx assistance would be limited only to the situations where Rx assistance can provide further information on channel occupancy, hence improving coexistence. Further, gNB could proceed with transmissions towards other UEs (not providing Rx assistance) while waiting for Rx assistance from the UE in challenging location. 
· It should be considered that Rx assistance is provided with UE processing times corresponding to PDSCH processing time or CSI computation time. Meanwhile gNB may be allowed to transmit e.g. limited amount of PDSCHs to the UE, while Rx assistance information is pending.
· One significant limitation of Rx assistance being tightly incorporated to LBT procedure is that it fails to detect channel access collisions that start later during the COT. Given the long duration of maximum COT in relation to slot duration, and alternating DL and UL transmissions within COT, it could be beneficial that UE provides Rx assistance on channel conditions periodically throughout the COT, e.g., as part of periodic CSI reporting.      
[bookmark: _Hlk53665523]Proposal 12: Rx assistance, if supported, should be configurable per UE, so that it could be used only with UEs frequently detecting high interference.
Proposal 13: If Rx assistance is supported, UE processing time similar to PDSCH processing time (N1) or CSI computation time (N2/Z1Z2) should be considered for providing Rx assistance.
Proposal 14: If Rx assistance is supported, Rx assistance should not be limited to the beginning of COT only.   
4. Channel access mechanism selection
Related to the RAN1#102 agreement on supporting multiple channel access mechanisms, need for further study on the mechanism and condition(s) to switch between channel access with LBT and channel access without LBT was identified.
There are scenarios relevant for 60 GHz band, e.g. relaying or IAB backhaul, where transmissions are highly directional and system is not benefiting from LBT [9]. There is no motivation to implement LBT channel access mechanism for such equipment. There can be also cells in controlled environments or cells with gNB and/or UE transmissions directional enough to provide sufficient spatial separation for efficient coexistence. On other hand, cell may also be located indoor together with closely located another network or radio access technology, calling for the use of LBT. Hence, we see that the channel access mechanism can be configured per cell.
[bookmark: _Hlk53665612]Proposal 15: Channel access mechanism is part of cell configuration. 
However. the preferred channel access mechanism is not necessarily always clear, static or even the same for all beams. The cell may be sufficiently isolated for most of the time, but occasionally devices connected to another access point or network may appear on some of the beams, causing a coexistence situation identified e.g. by regular measurements. In such situations, it is not attractive to employ LBT all the time. Instead, more dynamic selection of channel access mechanism at gNB, e.g. per beam, can be beneficial, as the use of LBT can be limited to situations where it provides benefits. 
[bookmark: _Hlk53665621]Proposal 16: Flexible selection of channel access mechanism per gNB beam is considered. 
5. Coexistence evaluations
For evaluating co-channel coexistence at 60 GHz band, we have simulated Scenario indoor-A [8] illustrated in Figure 5 with simulation criteria presented in [8]. Simulation parameters are summarized in Appendix 1.
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Figure 5: Simulated indoor office scenario.
Considering that the gNBs of the two different operators serve 50% / 50% DL/UL traffic ratio for 60 UEs with limited beamforming capabilities in a single open office, the scenario is challenging in terms of coexistence.
The results are presented below for a low, medium and high load points (1.5, 2.75, and 4 packets/s/user, correspondingly). Results for DL and UL throughput are shown in Figures 6 and 7, respectively, for both LBT with quasi-omnidirectional beamforming configuration and without any LBT. Corresponding results for DL and UL delay are presented in Figures 8 and 9, respectively.   
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Figure 6: DL throughput per packet for 50% / 50% DL/UL traffic. 
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Figure 7: UL throughput per packet for 50% / 50% DL/UL traffic. 
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Figure 8: DL delay per packet for 50% / 50% DL/UL traffic. 
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Figure 9: UL delay per packet for 50% / 50% DL/UL traffic. 
Throughput results show that omnidirectional LBT can provide roughly the same 5%ile and median throughput at low load point as a system without LBT. At low load, LBT provides some UL throughput improvement for UEs at good conditions (i.e. high percentile). However, omnidirectional LBT degrades throughput with increasing load, and roughly 25% loss in median throughput can be observed at high load. Correspondingly, it can be seen from Figure 8 and 9 that omnidirectional LBT increases transmission delays at medium and high load points.  
[bookmark: _Hlk47704395]Observation 3: In the considered difficult coexistence scenario, omnidirectional LBT degrades DL and UL throughput.
We simulated DL-only traffic at low and medium load point for omnidirectional LBT, directional LBT and without any LBT. Throughput results are shown in Figure 10. In this case, directional LBT provides roughly 10% improvement over a system without LBT at 5%ile, while both LBT mechanisms cause some (roughly 10%) performance degradation at 50%ile and high percentile points.
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Figure 10: DL throughput per packet for DL-only traffic. 
6. Conclusions 
In this contribution, we considered the co-channel coexistence mechanisms suitable for NR on 60 GHz unlicensed band. We made following observations and proposals:  
Observation 1: Both omnidirectional and directional LBTs need to be considered on the channel access design.
Observation 2: Considerable benefits from Rx assistance should be shown in a reasonable range of different situations and with realistic UE feedback delays given the considerable implementation effort involved.
Observation 3: In the considered difficult coexistence scenario, omnidirectional LBT degrades DL and UL throughput.
Proposal 1: NR for 60 GHz band shall be able to fulfil the EN 303 722 requirements for spectrum sharing based on automatic transmit power control and/or automatic link adaptation. Needed specification changes, if any, are to be studied along with EN 303 722 progress. 
Proposal 2: Consider DFS as channel mechanism without LBT for use cases not limited to fixed network equipment but not requiring LBT either.  
Proposal 3: Channelization based on 2.16 GHz is assumed in the channel access mechanism design.  
Proposal 4: Transmissions with a (channel) bandwidth smaller than 2.16 GHz, such as 400 MHz, are also supported by the channel access mechanism design.
Proposal 5: LBT procedure described in EN 302 567 draft V2.1.20 is used as baseline for LBT procedure design for 60 GHz unlicensed band.
Proposal 6: LBT procedure for 60 GHz band supports channel access without channel sensing for UE responding within a gNB initiated shared COT.
Proposal 7: Support LBT exempt transmissions for SSBs and other reference signals critical for cell operation.
Proposal 8: Support LBT exempt UL transmissions with a low Tx power (e.g. 10 dBm or less) and with a certain minimum beamforming gain for better support of low latency PRACH, SR or CG-PUSCH.    
Proposal 9: Consider the need for LBT ensuring fairness between cells with different bandwidths while maintaining efficient spatial reuse between cells of same bandwidth.
Proposal 10: Beamforming for gNB’s LBT is left for implementation as much as possible and only necessary requirements are specified.
Proposal 11: gNB can serve multiple beams in TDM manner, resulting in transmissions gaps on a beam, within a COT after sensing the channel on the corresponding directions at the beginning of the COT.
Proposal 12: Rx assistance, if supported, should be configurable per UE, so that it could be used only with UEs frequently detecting high interference.
Proposal 13: If Rx assistance is supported, UE processing time similar to PDSCH processing time (N1) or CSI computation time (N2/Z1Z2) should be considered for providing Rx assistance.
Proposal 14: If Rx assistance is supported, Rx assistance should not be limited to the beginning of COT only.  
Proposal 15: Channel access mechanism is part of cell configuration. 
Proposal 16: Flexible selection of channel access mechanism per gNB beam is considered. 
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Appendix 1: Simulation parameters
The simulation and radio technology parameters used in the simulation are listed in Table 1.
Table 1: Simulation parameters.
	[bookmark: _Hlk53736954]Parameters
	Value

	Simulation scenario
	Scenario Indoor-A, full size, 12 APs/operator, 5 UEs per AP

	Path loss and fading
	TR38.901 InH Office model, LOS probability according to the model
Fast fading velocity of 3 km/h

	

	LBT
	{Off, Omnidirectional LBT, Directional LBT}

	LBT Mechanism
	Omnidirectional or Directional Energy Detection at the transmitter

	Contention slot duration
	5 us

	Contention Window
	32 contention slots in non-adaptive contention window 

	Energy Detection Threshold
	-48 dBm

	

	COT Duration
	0.98 ms

	Traffic
	FTP Type 3 (Poisson arrivals)
50% / 50% DL/UL traffic ratio or DL only traffic
{1.5, 2.75, 4} packets/s/user with DL & UL traffic
2 packets/s/user with DL only traffic

	Arrival file size
	27 MB

	Radio Access Technology
	NR like operation (up to 100% duty cycle)

	Carrier Frequency
	60 GHz

	Bandwidth
	2.16 GHz (96% occupied)

	gNB antenna configurations
	4x8 array, 45 degree cross-polarized, 5 dBi antenna element gain with 90 degree 3 dB beamwidth, 1 panel

	UE antenna configurations
	2x2 array, 45 degree cross-polarized, , 5 dBi antenna element gain with 90 degree 3 dB beamwidth, 2 panels with 180 degrees separation in azimuth

	

	Max TxP for gNB
	20 dBm

	Max TxP for UE 
	14 dBm

	

	Metric for evaluation
	Buffer occupancy
Per packet throughput 
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