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[bookmark: _Ref178064866]This contribution addresses the channel access mechanism aspects for unlicensed spectrum in between 57 GHz and 71 GHz. 
Discussion
The following agreement regarding channel access was made during RAN1#102 [1] 
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)

[bookmark: _GoBack]In [2], we have investigated the regulation for channel access to unlicensed spectrum in the range of 57-71 GHz, which we summarize here again: 
· CEPT regulations requires Adequate spectrum sharing mechanism to be implemented. the regulations state: ”Among dynamic mechanisms, ATPC and DFS are the most effective and cost-efficient mechanisms. ATPC is particularly important as MGWS equipment are naturally motivated to implement ATPC to control self-interference.”
· FCC and ITU other regions regulations do not enforce spectrum access and mitigation requirements
[bookmark: _Toc53738654]LBT is not mandated by any regional regulations for 57-71 GHz frequency band.
ETSI BRAN is developing three harmonized standards ETSI EN 302 567, EN 303 722 and EN 303 753 related to unlicensed operation in 57-71GHz. We summarize the status of the three standards in the following table: 
	ETSI BRAN harmonised standard
	Operation band 
	Spectrum sharing mechanism

	EN 302 567 (TB approval)
	C1 band
	LBT

	EN 303 722 (Early draft)
	Fixed Radio Equipment operating in C2 and C3 bands
	ATPC or link adaptation

	EN 303 753 (Early draft)
	Mobile and Fixed Radio Equipment operating in C2 band
	Not decided yet



Regarding channel adaptivity, ETSI EN 302 567 [3] explicitly specifies mandatory LBT to facilitate spectrum sharing with other devices in the wireless network. Hence, for a device to be complaint with ETSI EN 302 567, it has to implement LBT. 
Following the simulation conclusion in ECC Report 288 [4] and the recommendation in ERC REC 70-03 [5], the initial discussion adopts ATPC as the medium access mechanisms to facilitate spectrum sharing with other technologies in the band. The initial draft of EN 303 722 [6] does not indicate any LBT requirement. 
EN 303 753 [7] work item was recently initiated and the details regarding the spectrum sharing mechanism are not settled yet. 
[bookmark: _Toc45618310]It is quite clear that none of the regional regulation mandates LBT. Even BRAN harmonized standard is considering alternative methods for some deployments. Given the very limited scenarios where LBT was considered for facilitating spectrum sharing, the first question that 3GPP has to answer is the effectiveness of LBT, in any form, in 57-71GHz spectrum range. 
To be able to decide if it should be conditionally mandated beyond what is required by HS(s), the LBT should provide significant performance gains to justify the additional implementation complexity and cost. The bar is even higher for adopting any enhanced versions of LBT, such as receiver assisted LBT, due to the additional specification changes required by such procedures.  
[bookmark: _Toc31715067][bookmark: _Toc31715068][bookmark: _Toc31715069][bookmark: _Toc31715070][bookmark: _Toc31715071][bookmark: _Toc31715072][bookmark: _Toc31715073]Our view and analysis regarding the above FFSs are discussed in the following sub-sections. 
LBT in 60GHz band 
Definition of Nominal channel bandwidth 

The following conclusion regarding OCB requirement was made during RAN1#102 [1]: 
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.

In our view the nominal channel bandwidth should map to the carrier bandwidths that are supported by the UE/gNB. Therefore, a manufacturer should declare carrier bandwidths that are supported by the UE in 57-71GHz as nominal channel bandwidth.  
[bookmark: _Toc53738663]The nominal channel bandwidth should map to the carrier bandwidth(s) supported by the UE/gNB. 
Short control signaling 
For access mechanism for unlicensed spectrum in lower frequency ranges, EN 301 893 [8] allows, with constraints, that short control signaling (management and control frames) can be transmitted without sensing the channel. The use of Short Control Signalling Transmissions is constrained as follows:
· within an observation period of 50 ms, the number of Short Control Signalling Transmissions by the equipment shall be equal to or less than 50; and 
· the total duration of the equipment's Short Control Signalling Transmissions shall be less than 2 500 µs within said observation period
For operation in 60 GHz range, the test procedure in EN 302 567 for the adaptivity clause states that short control signaling transmissions up to 10% without LBT is allowed. This is clearly stated in step 4 in the test method section 5.3.8 [3]: 
Step 4:	Verification of reaction to the interference signal
The analyser shall be used to monitor the transmissions of the UUT and the companion device on the selected operating channel after the interference signal was injected. This may require the analyser sweep to be triggered by the start of the interfering signal.
Using the procedure defined in clause 5.3.8.3, it shall be verified that:
a)	The UUT stops transmissions on the current operating channel within a period equal to the maximum Channel Occupancy Time defined in clause 4.2.5.3. The UUT is allowed to respond to transmissions of the companion device and the channel occupancy time shall be less than or equal to the maximum channel occupancy time on the current operating channel.
b)	Apart from transmission of the frames for short control signaling (such as, for example, ACK/NACK signals, beacon frames, other time synchronization frames and frames for beamforming) no frame shall be initiated.
c)	The time synchronization and beam forming frames transmissions shall be less than or equal to 10 % within an observation period of 100 ms.
d)	On removal of the interference signal the UUT may start transmissions again on this channel. However, this is not a requirement and, therefore, does not require testing.
What is missing from EN 302 567 is a corresponding clause on short control signaling in Section 4.2.5to be consistent with the test clause. This issue was recently brought up in [9]. and discussed in ETSI TC BRAN #107. It was noted that there is a discrepancy between clause 4.2.8 and 5.3.8, and hence there was no objection to the inclusion of SCS in EN 302 567. Since the stable draft is already submitted for ENAP process, only NSOs can participate in the further review of the HS. TC BRAN encouraged its members to submit comments to their relevant NSOs so that an official request for inclusion of SCS into the HS EN 302 567 can be made during the ENAP process [10].
From HS compliance perspective, a margin of up to 10% control frame transmissions without performing an LBT is allowed. This exception should be taken into consideration when designing any LBT related changes for control channels/signals. 
[bookmark: _Toc53738664]Consistent with HS 302 567, when operating with LBT, a node can access the channel for up to 10% without LBT for control signal/channel transmission(s)
Evaluating the Interference using system level evaluation

LBT has been used as a medium access mechanism for unlicensed spectrum in lower frequency ranges, e.g., 2.4 and 5 GHz bands. However, since the millimeter wave frequency range is characterized by high radio propagation loss and directional transmission and reception from the usage of large antenna arrays, LBT is generally not beneficial. The interference condition in the 60 GHz band is considerably different compared to lower frequency bands. The following aspects dominate in the 60 GHz band: 
· [bookmark: _Hlk31630283]The transmission power limitation imposed by different regulations and the attenuation characteristics around the 60 GHz range prohibits radio signal to cause strong interference to other nodes located tens of meters away. 
· Highly directional signal transmission is less likely to interfere other nodes even in the close vicinity, except for the nodes that lie directly in the transmission beam coverage. The probability of interference is further reduced for the nodes that employ directional reception. 
· Highly directional transmission also makes it very difficult for a transmitter to correctly detect the interference level at intended receiver, and hence the fundamental assumption in classical LBT for interference avoidance no longer holds. Moreover, we demonstrate below, that the interference level at both transmitter and receiver is well below the LBT threshold, regardless of any difference between the sensed level at either node.
Therefore, the effectiveness and necessity of employing LBT to mitigate interference in the 60 GHz band is questionable.
In RAN1#101 [11], it was agreed that studying the interference impact and coexistence between nodes is one of the primary objectives of this study item. In the following, we evaluate the interference impact on NR-U system performance at 60GHz. Accordingly, we compare performance of NR-U with and without LBT, in which LBT scheme defined by ETSI EN 302.567 is used. The simulation scenario is based on the agreed 3GPP indoor scenario A, B and C [1][11]. Further details are listed in the appendix. Different traffic loads have been considered with low, medium, and high loads corresponding to buffer occupancies 10%, 35%, 55% for the baseline case without LBT. 
Figure 1(a) shows the CDFs of received power in three indoor scenarios (A, B, and C). Figure 1(b) shows the interference power at the receiver side for high load point (~55% buffer occupancy) and assuming a baseline where no channel access mechanism is being used (i.e. no LBT). The primary objective here is to study the impact of interference, if any, and conclude if any interference mitigation techniques, such as LBT, are fundamentally needed. Figure 1 shows that the maximum received interference plus noise power in all three scenarios is much smaller than the received power for most of the serving links. The interference level is negligible compared to the noise level. As can be seen from Figure 1(b), the interference plus noise power is close to the receiver noise level [-71 dBm and -74 dBm for UE and gNB respectively] in most cases. There are almost no cases where the interference power exceeds -47 dBm. Hence, if LBT is to be utilized, the ED will rarely be triggered which makes the whole LBT procedure redundant.[bookmark: _Ref53408817]Figure 1: (a) Received Power and (b) interference per User in indoor Scenario A, B, and C when buffer occupancy is high (~55%)

To investigate whether or not receiver assisted LBT has any potential to improve performance, Figure 2 shows the interference power at the transmitter (APs) and the receiver (UEs) for every transmission. The scatter plot in Figure 2 is a representation for one realization which corresponds to a randomly selected seed at high load point. It shows that the interference power at both sides is much lower than the -47dBm ED threshold. There are big margins to the exposed node and hidden nodes regions for -47dBm ED threshold. Moreover, the interference powers at each pair of the transmitter and receiver (corresponding to one dot in the figure) doesn’t demonstrate strong correlation due to high directional transmissions. Due to the weak correlation between the interference at the transmitter and the receiver, it is unlikely that lowering the ED threshold will provide any gains. In addition to that, due to the very low detected interference, it is unlikely that receiver assisted channel access mechanisms will be needed or will provide any gains.    






[bookmark: _Ref53408944]Figure 2: interference powers at the transmitters and the receivers in Scenario C

Indoor scenarios (A, B, C) evaluation 

Figure 3 to Figure 8 illustrate the average and fifth percentile DL and UL user throughput for different LBT variants in indoor Scenario A, B and C. Two modes of LBT are evaluated (1) according to EN 302 567 (2) ideal receiver assisted LBT. Both procedures are tested with ED =-47 dBm and ED = -68 dBm.
The traditional receiver assisted LBT (e.g. RTS/CTS) include two LBT procedures, one at the transmitter before the RTS transmission, and another at the receiver before sending the CTS message in response. If the CTS is correctly received, the transmitter initiates the data transmission knowing that the receiver is not interfered. This procedure imposes overhead of two LBT procedures, time for preparing/processing each of the RTS/CTS messages. 
In this section we present performance evaluation for ideal receiver assisted LBT (RAL). In the evaluated procedure, the LBT procedure is evaluated at the receiver instead of transmitter. The LBT result is assumed to be available instantly at the transmitter without accounting any overhead for exchanging this information between the transmitter and the receiver. This means, if there is data to transmit, an LBT procedure is initiated at the receiver, if the channel is free, the transmitter initiates the COT. In other words, the results show an upper bound of what a receiver assisted LBT procedure would provide under an unrealistic assumption of instantaneous feedback. 
According to the results in Figure 3 to 8, LBT reduces the system throughput (both mean and fifth percentage throughputs), for both LBT performed at the transmitter and for ideal receiver assisted LBT (RAL). This is expected for ED -47 dBm, since as shown in the previous section, the interference level never exceeds -47 dBm. Therefore, the LBT procedure induces back-off delay, but rarely detects or avoids any interference. 
The impact is more noticeable when a lower ED threshold (-68 dBm) is used. With the lower ED threshold, deferral is more probable. However, this means lower spectral efficiency. In most cases the UE would have a very good SINR even with the presence of interference. The unnecessary back-off delay (for ED -47dBm and ED -68dBm) and defer (for ED -68dBm) from LBT only has negative impacts on the system performance at 60 GHz. Performance without any LBT at all is still superior in all scenarios.
It is worth noting that for these evaluations, we have assumed that the CW is set to the minimum value (3 observation slots), i.e., the back-off delay is minimized. The performance shown below when operating with LBT would be even worse if the CW would be set to a value larger than the minimum, thus degrading performance even more compared to the case of No LBT. 
[bookmark: _Ref53502324]Figure 3: Scenario A - Mean and fifth percentile throughputs with and without LBT for DL.

Figure 6: Scenario B - Mean and fifth percentile throughputs with and without LBT for UL.

Figure 4: Scenario A - Mean and fifth percentile throughputs with and without LBT for UL.
Figure 5: Scenario B - Mean and fifth percentile throughputs with and without LBT for DL

Figure 7: Scenario C - Mean and fifth percentile throughputs with and without LBT for DL.
[bookmark: _Ref53502334]Figure 8: Scenario C- Mean and fifth percentile throughputs with and without LBT for UL.

To further emphasize the absence of interference in this scenario, Figure 9 we show the block error rate for DL and UL transmissions with and without LBT in Scenario A. Using LBT does not improve the block error rate, since even without LBT, the block error rate is already close to the predefined 10% target for link adaptation indicating that interference is not an issue. 
Figure 9: Scenario A - Percentage of unsuccessful transmissions (block error rate)









A variety of evidence presented above shows that LBT, as specified in [3], is not effective. As we observe above, LBT requirement is not mandatory in most regions and regulations. It is not clear why the LBT operation should be mandated for NR-U, due to the implementation complexity it adds and the power consumption burden it puts on the device, when there are variety of studies and simulations which proves that it does not bring performance gains at least in the evaluated deployments and use cases.

[bookmark: _Toc53738655]  In all three indoor scenarios (A, B and C), operating with LBT degrade the performance in terms of DL and UL throughput, as compared with operating without LBT. 
[bookmark: _Toc53738656]Ideal receiver assisted LBT does not show performance improvement as compared to no LBT. 
[bookmark: _Toc53738657]The effectiveness of LBT as medium access mechanism for co-existence in unlicensed spectrum in 60 GHz band is questionable. 
[bookmark: _Toc53738658]Good link adaptation algorithm is sufficient to cope with occasional interference in 60 GHz band
[bookmark: _Toc53738665]Capture the following observation in TR 38.808: For operation in 60GHz, it is not beneficial to mandate operation with LBT as a medium access mechanism. 
[bookmark: _Toc53738666]Capture the following observation in TR 38.808: For operation in 60GHz, it is not beneficial to support receiver assisted LBT.  
Outdoor scenario simulation

In this section, we evaluate the performance with and without LBT using the agreed outdoor scenario. However, only one site with wrap around is simulated. Increasing the number of sites is not expected to change the observations. As observed in the indoor scenarios, the maximum received interference plus noise power in the outdoor scenario is much smaller than the received power for most of the serving links (Figure 10). The interference level is negligible compared to the noise level (-71 dBm and -74 dBm for UE and gNB respectively).

[image: ]
Figure 10: Received Power and interference per user in outdoor scenario B (1 Site) when buffer occupancy is high
Figure 11 and 12 illustrate the performance in terms of mean and fifth percentile with and without LBT for both DL and UL. The conclusions are aligned with what is observed in the indoor scenarios. Operation without LBT provides better performance as compared to with LBT. 
[bookmark: _Ref53511070]Figure 11: Outdoor Scenario B - Mean and fifth percentile throughputs with and without LBT for DL
[bookmark: _Ref53511072]Figure 12: Outdoor Scenario B - Mean and fifth percentile throughputs with and without LBT for UL

[bookmark: _Toc53738659]  In outdoor Scenario B, operating with LBT degrade the performance in terms of DL and UL throughput, as compared with operating without LBT. 
Existing LBT evaluations

In ECC Report 288 ([4]) evaluations were done to investigate the effect of LBT mechanism on overall system capacity in the unlicensed spectrum from 57 to 66 GHz. The simulation scenario focused on coexistence between Fixed Service (FS) and Multi-Gigabit Wireless System (MGWS) but the result can be generalized to other coexistence scenarios in the same band, especially since the assumed EIRP, in the simulation, is the same for both systems. The conclusion from the simulation in the report is that “Maximum system capacity is reached without LBT, with a slight capacity decrease when LBT is enabled with energy detection (ED) threshold of -47 dBm or higher. LBT with a detection threshold of -67 dBm has an adverse effect on capacity. No substantial capacity reduction is therefore expected in case the implementation of LBT is required, with ED values properly selected.”
Figure 13 is a copy of the simulation result from ECC Report 288. The plots show that LBT with ED threshold setting matching the value in ETSI EN 302 567 achieves slightly lower system capacity compared to no LBT case, mainly due to the channel access overhead. The plots also show that LBT with lower threshold (-67 dBm as in the simulation) has a worse impact on the system performance. The simulation result are in line with the simulation results illustrated in the previous section. They also confirm our previous analysis that in 60 GHz band, the probability of interference is much reduced due to attenuation characteristics and directional transmission/reception, and hence LBT does not appear to be an effective interference mitigation mechanism as in the lower frequency bands. 
[image: ]
[bookmark: _Ref53733663][bookmark: _Ref53733658]Figure 13 Simulation result from ECC Report 288 (subsection 8.3.4)
[bookmark: _Toc53738660]ECC Report 288 concludes that in the 57-66 GHz band, system performance is reduced when LBT enabled, even with proper ED setting.
Additionally, a recent submission to BRAN#104 ‎[12] evaluated the impact of LBT on performance in 60GHz band. It concludes that LBT specified for c1 band results in unnecessary sensing and deferral overhead and consequently loss in performance, specially that interference higher than -47dBm is seldom detected.
Implementation based LBT activation/deactivation

In this section, we highlight that LBT should neither be fully or conditionally mandated. For this purpose, we evaluated dynamic LBT activation/deactivation algorithm. Based on certain performance metric, a node can make the decision to activate/deactivate LBT. The algorithm is run independently at each node.
In the previous sections, we concluded that the inefficiency of operation with LBT is due to the unnecessary deferral imposed on UEs with very good SINR. Therefore, for the purpose of this study, a node operates without LBT unless the receiver experiences a failure in reception due to a drop in SINR, which reflects a presence of interferer. Only then, the node switches to LBT. Besides, when the LBT is switched on, the RAL described in section 2.1.4 is used, to again show an upper bound performance. In here, we show the results for scenario A, which has the largest number of nodes among the indoor scenarios (A, B, C). Nonetheless, the results for Scenario B and C are included in our companion contribution [13]. Using this scenario, (1) we study the impact of not coordinating the decision on LBT usage between the nodes, (2) advantage of allowing flexibility in operating with/without LBT.  
It is observed that when the LBT activation/deactivation decision is done independently at each node, there are benefits in terms of both mean and 5th percentile throughput as compared to semi-statically operating all nodes with LBT. With dynamic switching based on performance, a UE with very good SINR does not experience unnecessary deferral. Additionally, for transmissions that are very sensitive to interference (i.e. low SNR) the node attempts to avoid collisions by making sure that the receiver is not interfered before initiating the transmission. Importantly, the benefits of implementation based LBT compared to operating with no LBT are marginal – only a very slight improvement for the 5th percentile users, primarily at high load is visible. The fact that there is no significant improvement is not surprising simply because the nodes rarely experience severe interference as we have demonstrated previously. Figure 14: Scenario A - Mean and fifth percentile throughputs with and without LBT for DL
Figure 15: Scenario A - Mean and fifth percentile throughputs with and without LBT for UL

Based on the observed results, we conclude that the decision on LBT usage can be done by implementation and not necessarily mandated in the 3GPP specifications. 
[bookmark: _Toc53738667]The condition to use/skip LBT is left for implementation. 3GPP needs to only design signaling to communicate the support of LBT 
Coexistence between LBT and no LBT 

For gNB/UE to initiate a channel occupancy, both channel access with LBT mechanism(s) and a channel access mechanism without LBT are supported as agreed in the last meeting. In this section, we show that even in the rare case of two inter-/intra-technology networks coexisting on the same channel but using different LBT modes, there is no critical coexistence issue. Two cases are compared, (1) both networks use LBT with ED = -47 dBm, (2) one of the coexisting networks does not perform any LBT. In the following figures, it is observed that the network using LBT with ED = 47 dBm is not impacted at all. The performance of the network operating with LBT is the same regardless if the network coexists with another network performing LBT or with a network not performing LBT, which further emphasizes the inefficiency of the LBT procedure as specified in EN 302 567.
Figure 16: Scenario A - Mean and fifth percentile throughputs when networks use different LBT scheme - DL 
Figure 17: Scenario A - Mean and fifth percentile throughputs when networks use different LBT scheme - UL


[bookmark: _Toc53738661]Inter-/intra technology network operating with LBT procedure as specified in EN 302 567 is not harmed by a coexisting NR-U network that access the channel without LBT

Directional LBT

For 60GHz unlicensed band directional LBT where the transmitter listens to the channel only in the direction(s) that it intends to transmit, has been discussed. One common understanding is that directional LBT could increase the spatial reuse by reducing the exposed node problem. However, as we analyzed above, the transmitter already rarely defers against interferences due to high directional beamforming and pathloss. Thus, it seems to be unnecessary to optimize LBT in 60 GHz band by directional LBT.
To confirm that, we evaluated scenario A, B and C using directional LBT. The figures below illustrate the average and fifth percentile DL and UL user throughput for directional LBT and no LBT schemes in indoor Scenario A, B and C. Two ED thresholds are tested (-47 dBm, -47 + X dBm), where X is dependent on the directional antenna gain, X = 15 dBm for gNB , X = 6 for UE. According to the results, there are no benefits for using directional LBT as compared to omni-directional LBT. Besides, operating without LBT has still the best performance. 
Figure 18: Scenario A - Mean and fifth percentile throughputs with directional LBT for DL
Figure 19: Scenario A - Mean and fifth percentile throughputs with directional LBT for UL











Figure 20: Scenario B - Mean and fifth percentile throughputs with directional LBT for DL
Figure 21: Scenario B - Mean and fifth percentile throughputs with directional LBT for UL
Figure 22: Scenario C - Mean and fifth percentile throughputs with directional LBT for DL







Figure 23: Scenario C - Mean and fifth percentile throughputs with directional LBT for UL


[bookmark: _Toc31715078][bookmark: _Toc53738662]The benefit from directional LBT in 60GHz spectrum is not clear.
Conclusion
In the previous sections we made the following observations: 
Observation 1	LBT is not mandated by any regional regulations for 57-71 GHz frequency band.
Observation 2	In all three indoor scenarios (A, B and C), operating with LBT degrade the performance in terms of DL and UL throughput, as compared with operating without LBT.
Observation 3	Ideal receiver assisted LBT does not show performance improvement as compared to no LBT.
Observation 4	The effectiveness of LBT as medium access mechanism for co-existence in unlicensed spectrum in 60 GHz band is questionable.
Observation 5	Good link adaptation algorithm is sufficient to cope with occasional interference in 60 GHz band
Observation 6	In outdoor Scenario B, operating with LBT degrade the performance in terms of DL and UL throughput, as compared with operating without LBT.
Observation 7	ECC Report 288 concludes that in the 57-66 GHz band, system performance is reduced when LBT enabled, even with proper ED setting.
Observation 8	Inter-/intra technology network operating with LBT procedure as specified in EN 302 567 is not harmed by a coexisting NR-U network that access the channel without LBT
Observation 9	The benefit from directional LBT in 60GHz spectrum is not clear.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The nominal channel bandwidth should map to the channel bandwidths supported by the UE/gNB.
Proposal 2	When operating with LBT, a node can access the channel for up to 10% without LBT for control signal/channel transmission(s)
Proposal 3	For operation in 60GHz, it is not beneficial to mandate operation with LBT as a medium access mechanism.
Proposal 4	For operation in 60GHz, it is not beneficial to support receiver assisted LBT.
Proposal 5	The condition to use/skip LBT is left for implementation. 3GPP needs to only design signaling to communicate the support of LBT
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Appendix

Table 1 - Simulation parameters for indoor scenario
	Layout for nodes
	Scenario Indoor-A) InH open office model:
Office box 120m x 50 m, 12 BS per operator, 2 operator, BS height at 3m (ceiling), UE height 1m, ISD = 20m, BS randomly deployed within 10m x 10m virtual box
minimum distance between BS: 2m
[image: ]
Scenario Indoor-B) small InH open office model:
Office box 20m x 20 m, 1 BS per operator, 2 operator, BS height at 3m (ceiling), UE height 1m, BS randomly deployed within 10m x 10m virtual box
minimum distance between BS: 2m
[image: ]

Scenario Indoor-C) InH open office model:
Office box 120m x 50 m, 12 BS per operator, 1 operator, BS height at 3m (ceiling), UE height 1m, BS fixed position, ISD = 20m

[image: ]

	Carrier Frequency
	60GHz

	Carrier Channel Bandwidth
	2 GHz 

	Number of RB
	160

	Number of carriers
	1

	Number of users per gNB
	5 per gNB

	SCS
	960kHz

	Channel Model
	NR InH open Office model

	gNB EIRP
	40 dBm

	UE EIRP
	25dBm 

	gNB Antenna gain
	5dBi (Table A.2.1-7, TR 38.802)   

	UE Antenna gain
	5dBi (Table A.2.1-8, TR 38.802)   

	gNB Receiver Noise Figure
	7dB

	UE Receiver Noise Figure
	10 dB

	UE receiver
	MMSE-IRC as the baseline receiver

	gNB antenna Array configuration
	Mg,Ng,M,N,P) = (1,1,4,8,2)
with (0.5 dv, 0.5 dH)
Antenna power pattern given in Table A.2.1-7 of TR38.802 for ceiling mount

	UE antenna Array configuration
	((Mg,Ng,M,N,P) = (1,2,2,2,2)
with (0.5 dv, 0.5 dH)
Antenna power pattern given in Table A.2.1-8 of TR38.802
UE orientation: vertical position, random rotation in horizontal direction

	Traffic model
	Use 36.889 Table A.1.1. FTP file size 27MB/file 

	UE  to UE  link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability

	UE to gNB link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor open office LOS probability

	gNB to gNB link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor open office LOS probability

	UE dropping per network
	All UEs should be randomly dropped and be within coverage of the gNB in the unlicensed band.
Example of a dropping method to achieve this with N=5 UEs per gNB: 
· Randomly drop a large enough number of UEs over the whole 120mx50m building.
· Each UE select the best gNB (according to RSSI) as its serving gNB. The number of dropping UEs in the first step should be large enough such that at least 5 UEs are associated to each BS/AP. 
· Each gNB randomly selects 5 UEs from its associated UEs.

	Channel access parameters
	· MCOT duration: 0.5ms for DL and 0.25ms for UL
· ED threshold: -47dBm (unless stated otherwise)
· CWS: CW_min = CW_max = 3

	Data Processing Latency
	UE processing timeline in microseconds are assumed to be same as 120 kHz SCS PDSCH/PUSCH processing latency



Table 2 - Simulation parameters for Outdoor scenario
	Layout for nodes
	Scenario Outdoor-B) Dense Urban with 2 layers
Macro layer (sub 7GHz – not necessarily need to be simulated for the 60GHz evaluation): 
Hexagonal grid, single layer, 3 sectors per site, 7 sites locations
BS height 25m, UE height 1.5m, ISD = 100m, fixed BS position
Micro layer (above 52.6 GHz):
BS height 10m, UE height 1.5m, 2 operator, 2 BS per hexgrid per operator, random position within macro hexagonal grid per operator, minimum distance between TRP and UE: 10m
Reducing deployment size from 7 sites to 1 site for performance evaluations with two operator scenarios.

[image: ]


	Carrier Frequency
	60GHz

	Carrier Channel Bandwidth
	2 GHz 

	Number of RB
	160

	Number of carriers
	1

	Number of users per gNB
	5 per gNB

	SCS
	960kHz

	gNB EIRP
	40 dBm

	UE EIRP
	25dBm 

	gNB Antenna gain
	5dBi (Table 7.3-1, TR38.901)   

	UE Antenna gain
	5dBi (Table A.2.1-8, TR 38.802)   

	gNB Receiver Noise Figure
	7dB

	UE Receiver Noise Figure
	10 dB

	UE receiver
	MMSE-IRC as the baseline receiver

	gNB antenna Array configuration
	(Mg,Ng,M,N,P) = (1,3,8,16,2)
with (0.5 dv, 0.5 dH)
Note: 3 Panel single sector gNB with {0,+120,-120} degree boresight orientations. The gNB will only utilize 1 panel at given moment.

	UE antenna Array configuration
	((Mg,Ng,M,N,P) = (1,2,2,2,2)
with (0.5 dv, 0.5 dH)
Antenna power pattern given in Table A.2.1-8 of TR38.802
UE orientation: vertical position, random rotation in horizontal direction

	Traffic model
	Use 36.889 Table A.1.1. FTP file size 27MB/file 

	UE  to UE  link pathloss model
	UMi street canyon channel & PL model from TR38.901

	UE to gNB link pathloss model
	UMi street canyon channel & PL model from TR38.901

	gNB to gNB link pathloss model
	UMi street canyon channel & PL model from TR38.901

	UE dropping per network
	All UEs should be randomly dropped and be within coverage of the gNB in the unlicensed band.
Example of a dropping method to achieve this with N=5 UEs per gNB: 
· Randomly drop a large enough number of UEs over the whole 120mx50m building.
· Each UE select the best gNB (according to RSSI) as its serving gNB. The number of dropping UEs in the first step should be large enough such that at least 5 UEs are associated to each BS/AP. 
· Each gNB randomly selects 5 UEs from its associated UEs.

	Channel access parameters
	· MCOT duration: 0.5ms for DL and 0.25ms for UL
· ED threshold: -47dBm (unless stated otherwise)
· CWS: CW_min = CW_max = 3

	Data Processing Latency
	UE processing timeline in microseconds are assumed to be same as 120 kHz SCS PDSCH/PUSCH processing latency
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Figure 7.2-1: Layout of indoor office scenarios.
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