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[bookmark: _Ref178064866]This contribution paper addresses the channel access mechanism aspects for the unlicensed spectrum in between 57 GHz and 71 GHz. 
Discussion
Regulation for channel access to unlicensed spectrum in the range of 57-71 GHz
	CEPT regulation
In Europe and CEPT, the new frequency bands and regulatory parameters for the 57-71 GHz band for Wideband Data Transmission Systems are defined in ERC/REC 70-03 ([1]). Corresponding updates have also been made to the technical annex of EC Decision 2006/771/EC for short range devices (SRD) in 2019 ([2]). ERC/REC 70-03 defines three sub-bands in the 57-71 GHz band as summarized in in Table 1.
[bookmark: _Ref31198917]Table 1 Regulatory parameters for Wideband Data Transmission Systems
	Frequency Band
	Power/Magnetic Field
	Spectrum access and mitigation requirements
	Modulation / maximum occupied bandwidth
	ECC/ERC deliverable
	Notes

	c1
	57-71 GHz
	40 dBm e.i.r.p., 23 dBm/MHz e.i.r.p. density
	Adequate spectrum sharing mechanism shall be implemented
	Not specified
	
	Fixed outdoor installations are not allowed.

	c2
	57-71 GHz
	40 dBm e.i.r.p., 23 dBm/MHz e.i.r.p. density and maximum transmit power of 27 dBm at the antenna port or ports
	Adequate spectrum sharing mechanism shall be implemented
	Not specified
	ECC Report 288
	

	c3
	57-71 GHz
	55 dBm e.i.r.p., 38 dBm/MHz e.i.r.p. density and transmit antenna gain ≥ 30 dBi
	Adequate spectrum sharing mechanism shall be implemented
	Not specified
	ECC Report 288
	Applies only to fixed outdoor installations.



CEPT mandates implementing adequate spectrum sharing mechanism for operation in 57-71 GHz. Those mechanisms can differ from one technology to another. Some exemplary mechanisms include: Automatic Transmit Power Control (ATPC) and Listen Before Talk (LBT). Hence, in principle LBT is not mandated by CEPT.
[bookmark: _Toc47711632]For the frequency range of 57-71 GHz, CEPT regulations do not mandate LBT
ETSI TC BRAN
Harmonized standard ETSI EN 302 567

[bookmark: _Hlk47020577]ETSI BRAN harmonized standard ETSI EN 302 567 ([3]) specifies requirements on unlicensed deployment in the c1 band for radio equipment with integral antennas operating at data rates of multiple-gigabit. A recent update was adopted by EN 302 567 so that it covers the full c1 band from 57-71GHz. Devices conforming to EN 302 567 for the c1 band will predominantly involve indoor fixed/mobile type applications.
Regarding channel adaptivity, the current ETSI BRAN harmonized standard 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. 
[bookmark: _Toc45618310][bookmark: _Toc47711633]For the frequency range of 57-71 GHz, LBT is mandatory ONLY in the current ETSI BRAN harmonised standard ETSI EN 302 567 to facilitate spectrum sharing on the unlicensed c1 band.
As a basic principle, the channel sensing procedure specified in EN 302 567 is independent of the operating channel bandwidth. Instead, the energy detection threshold is dependent only on the transmit power. The adaptivity clause specified in EN 302 567 was also recently updated. In the latest update, the MCOT was reduced to at most 5ms, and the minimum contention window to 3 observation slots. Besides, according to EN 302 567, a device can operate using a fixed contention window size. That means, if the device is configured with fixed CW size that is equal to the minimum (3 observation slots), for every txOP, the device performs a random backoff procedure in which the randomly selected BO never exceeds 3 slots.   
[bookmark: _Toc47711634]According to the channel access mechanism in EN 302 567, the energy detection threshold is independent of operating channel bandwidth 
EN 302 567 does not define a nominal channel bandwidth or any channelization within the 57-71 GHz frequency range. In fact, a device compliant with EN 302 567 can declare one or more nominal channel bandwidths. Nonetheless, for every declared nominal bandwidth, the device is required to support at least one mode of transmission where the transmission occupies at least 70% of the declared nominal channel bandwidth. This means that not all transmissions by the device must occupy more than 70% of declared nominal channel bandwidth. It is enough, if at least some transmissions by the device occupy more than 70% of the declared nominal bandwidth.  
[bookmark: _Toc47711635][bookmark: _Toc45618317][bookmark: _Toc45618318][bookmark: _Toc45618319][bookmark: _Toc45618320][bookmark: _Toc45618321][bookmark: _Toc45618322]To fulfil the OCB requirement specified in EN 302 567, for each of the declared channel bandwidths, the device has to support at least one mode of transmission where the transmission occupies at least 70% of the declared channel bandwidth. 
The latest version EN 302 567 v2.1.20 will most likely be submitted as the final draft for approval to the EN Approval procedure (ENAP). Additional changes are not foreseen. 
Harmonized standard ETSI EN 303 722 and EN 303 753

A new ETSI Harmonized Standard for sub-band c2 and c3 (ETSI EN 303 722 [4]) is currently being developed with the scope being fixed network radio equipment operating in 57 - 71 GHz, taking into consideration European regulations.  
Following the simulation conclusion in ECC Report 288 [5] and the recommendation in ERC REC 70-03 [1], the initial discussion adopts ATPC in combination with DFS (Dynamic Frequency Selection) as the medium access mechanisms to facilitate spectrum sharing with other technologies in the band. The initial draft of EN 303 722 does not indicate any LBT requirement. 
[bookmark: _Toc47711636]In the initial draft of the ETSI EN 303 722 Harmonized Standard for c2 and c3 bands, ATPC is proposed as the medium access mechanism. LBT is not indicated in the draft.
Additionally, BRAN has recently agreed to initiate a new ETSI Harmonized Standard EN 303 753 [6] with the scope being Mobile and Fixed Radio Equipment operating in C2 band and taking into consideration European regulations. The HS considers equipment not covered in EN 302 567 and EN 303 722. 
As the 3GPP NR system is being enabled for operation in the unlicensed spectrum in the 57-71 GHz band and also licensed operation in 66-71 GHz, it is extremely important that the 3GPP community is engaged in the development of the relevant ETSI harmonized standards, to ensure a technically neutral and fair spectrum sharing mechanism among different access technologies.
[bookmark: _Toc47711637]New harmonized standards are being developed in ETSI BRAN for unlicensed spectrum access in the 57-71 GHz band following the updated frequency band and regulatory parameters decision by CEPT ECC.
[bookmark: _Toc47711638]To ensure a technically neutral and fair spectrum sharing mechanism among different access technologies, it is beneficial that 3GPP companies actively participate in the ETSI harmonized standard development for unlicensed spectrum in the 57-71 GHz band.
FCC and other regions’ regulations

Among the spectrum allocations for U.S.A., frequency ranges 57GHz to 71GHz are available for mobile use as part of unlicensed spectrum regulated by Title 47 Part 15 of the FCC regulations. Spectrum access and mitigation requirements are not specified. Instead, only requirements on transmission power limits in terms of EIRP and/or maximum conducted output power are specified. 
[bookmark: _Toc47711639]FCC does not enforce spectrum access and mitigation requirements for 57-71 GHz frequency band.

Table 2:  USA regulatory requirements for frequency between 57GHz and 71GHz that are available for fixed and mobile use [7]
	Frequency band [GHz]
	Power/Magnetic Field Requirements
	Spectrum access and mitigation requirements
	Modulation / maximum occupied bandwidth
	Purpose/Node Placement requirements
	Additional Notes

	57 – 71
	Max avg, EIRP 40dBm
Max peak EIRP 43dBm
 
If emission-BW is less than 100 MHz, max peak conducted output power is {500mW × emission-BW / 100MHz} [Note 1]
Otherwise, max peak conducted output power is 500mW
	No requirements.
	No specified requirements.
	Equipment other than fixed outdoor.
[Note 4]
	Unlicensed.
[Note 2]
[Note 3]
[Note 10]

	57 – 71
	Max avg. EIRP (82 – 2N) dBm
Max peak EIRP (85 – 2N) dBm.
N = max(0, 51 dBi – antenna-gain)
 
If emission-BW is less than 100 MHz, max peak conducted output power is {500mW × emission-BW / 100MHz} [Note 1]
Otherwise, max peak conducted output power is 500mW
	No requirements.
	No specified requirements.
	Fixed outdoor equipment
	Unlicensed.
[Note 10]

	Note 1:	Emission bandwidth is defined as the instantaneous frequency range occupied by a steady state radiated signal with modulation, outside which the radiated power spectral density never exceeds 6 dB below the maximum radiated power spectral density in the band, as measured with a 100kHz resolution bandwidth spectrum analyzer. The center frequency must be stationary during the measurement interval, even if not stationary during normal operation (e.g., for frequency hopping devices). Peak transmitter conducted output power shall be measured with an RF detector that has a detection bandwidth that encompasses the 57-71GHz band and that has a video bandwidth of at least 10MHz.
Note 2:    The power density of any emissions outside the 57-71GHz band shall consist solely of spurious emissions. Radiated emissions below 40GHz shall not exceed the general limits of 5 uV/m measured at a distance of 3 m. Between 40 GHz and 200 GHz, the level of these emissions shall not exceed 90 pW/cm2 at a distance of 3m. The levels of the spurious emissions shall not exceed the level of the fundamental emission.
Note 3:    Equipment is presumed to operate over the temperature range −20 to + 50 degrees Celsius with an input voltage variation of 85% to 115% of rated input voltage, unless justification is presented to demonstrate otherwise.
Note 10:    Any transmitter that has received the necessary FCC equipment authorization may be mounted in a group installation for simultaneous operation with one or more other transmitter(s) that have received the necessary FCC equipment authorization, without any additional equipment authorization. However, no transmitter may be equipped with external phase-locking inputs that permit beam-forming arrays to be realized.



Similarly, countries in ITU region 2 and 3 only specify transmission power limits in terms of EIRP and/or maximum conducted power. LBT is not required in these countries either.
[bookmark: _Toc47711640]LBT is not mandated by any regional regulations for 57-71 GHz frequency band.
[bookmark: _Toc31715067][bookmark: _Toc31715068][bookmark: _Toc31715069][bookmark: _Toc31715070][bookmark: _Toc31715071][bookmark: _Toc31715072][bookmark: _Toc31715073]
	LBT in the 60GHz band
Evaluating the impact of 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 milli-meter 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 required. The intra and inter system interference condition in the 60 GHz band is considerably different compared to lower frequency bands.
[bookmark: _Hlk31630283]Firstly, 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. Secondly, 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. Thirdly, 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. Therefore, the effectiveness and necessity of employing LBT to mitigate interference in the 60 GHz band is questionable.
In RAN1#101 [9], 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 and C [9]. 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 with ETSI LBT (ED=-47dBm). 
Indoor C scenario – single operator Scenario 

[image: A close up of a map

Description automatically generated]Figure 1 shows the CDFs of received power and interference powers 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, is needed. The figure shows that the maximum received interference plus noise power is about -60dBm in both DL and UL, which is much smaller than the received power for most of the serving links. The large difference between received signal power level and interference levels leads to good SINR for most transmissions. Besides, almost none of the interference level exceeds the ED threshold. In fact, the interference level is close to the receiver noise level [-71 dBm and -74 dBm for UE and gNB respectively] in most cases. Therefore, if LBT is to be utilized, the ED will rarely be triggered which makes the whole LBT procedure redundant. [bookmark: _Ref47612695]Figure 1: Received power (left) and interference plus noise power (right) CDFs for DL and UL transmissions.

[bookmark: _Toc47711641]In indoor C scenario, the detected interference power is significantly less than the intended received power for most serving links 
Figure 2 and Figure 3 illustrates the average and fifth percentile DL and UL user throughput for LBT and no LBT schemes. It shows that LBT reduces the system throughput (both mean and fifth percentage throughputs). The reason as we discussed above is that LBT is not beneficial at 60GHz where the probability of interference is very low due to high directional beamforming and high attenuation. Unnecessary back-off delay from LBT only has negative impacts on the system performance at 60 GHz. 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 randomly selected back-off value will not exceed 3 observation slots. The performance when operating with LBT would be even worse if the CW is set to a value higher than the minimum.  
[bookmark: _Ref47612773]Figure 2: Mean and fifth percentile throughputs with and without LBT for DL.

[bookmark: _Ref47612810]Figure 3: Mean and fifth percentile throughputs with and without LBT for UL.


[bookmark: _Toc47711642]In indoor C scenario, operating with LBT degrade the performance in terms of DL and UL throughput, as compared with operating without LBT. 

To further emphasize the absence of interference in this scenario, Figure 4 shows the error rate for DL transmissions with and without LBT. Using LBT does not improve the error rate, since even without LBT, the error rate is already close to the BLER target of 10%, which is the predefined system requirement.  
[image: ][bookmark: _Ref47612953]Figure 4: Percentage of unsuccessful transmissions with and without LBT for DL

Figure 5 is the scatted plot where each dot represents the interference power at the transmitter (APs) and the receiver (UEs) for every transmission. The scatted plot in Figure 5 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 also 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.    
[image: ]
[bookmark: _Ref47613003]Figure 5: interference powers at the transmitters and the receivers



Indoor A scenario – multi-operator scenario 

Figure 6 and Figure 7 illustrate the average and fifth percentile DL and UL user throughput for LBT and no LBT schemes using indoor scenario A and according to the detailed assumptions listed in the appendix. The observations are aligned with the ones obtained using the single operator scenario. Both operators achieve exactly the same performance. For simplicity, we display the results for only one of the operators. [bookmark: _Ref47689137]Figure 6: Mean and fifth percentile throughputs with and without LBT for DL for indoor scenario A

[bookmark: _Ref47689141]Figure 7: Mean and fifth percentile throughputs with and without LBT for UL for indoor scenario A


[bookmark: _Toc47711643]Even in multi-operator scenario (indoor A), operating with LBT degrade the performance in terms of DL and UL throughput, as compared with operating without LBT. 

[bookmark: _Toc47711644]The effectiveness of LBT as medium access mechanism for co-existence in unlicensed spectrum in 60 GHz band is questionable. 

Other existing evaluations

In ECC Report 288 ([5]) a simulation was done to evaluate 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 8 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: _Ref31100561]Figure 8 Simulation result from ECC Report 288 (subsection 8.3.4)
[bookmark: _Toc47711645]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 ‎[10] 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.
A variety of evidence shows that LBT, as specified in [3], is not effective. Needless to say, LBT requirement is not mandatory in most regions and regulations. Hence, even if LBT is considered for NR-U operation in 60GHz spectrum, it should not be the only operational mode to be supported.It is not clear why the LBT operation, with all the implementation complexity it adds and the power consumption burden on the device, would be mandated for NR-U, 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.
Therefore, it is beneficial to define two medium access mechanism modes. The operation mode is decided based on region’s regulations, bands, or other considerations, if needed. For instance, LBT can be supported as an optional feature, so that vendors who are interested in operating according to EN 302 567 type applications can declare compliance with EN 302 567. For other applications, LBT is not mandated to be implemented or used. Clearly LBT is also not needed for licensed operation in 60GHz spectrum.
[bookmark: _Toc47711647]Rel-17 should consider supporting two medium access mechanism modes for the 60GHz spectrum, one requiring LBT and one without LBT. 
Outdoor scenario simulation setup 

During RAN1#101e [9], it was agreed that the outdoor scenario will be evaluated as a secondary scenario. In our view there are still concerns that needs to be resolved before companies can properly run simulations for the outdoor scenario. 
Related to simulation settings, the minimum distance between micro gNBs of the same operator within the same sector is not agreed. It seems inefficient to assume that an operator deploys those gNBs without any coordination or minimum distance between them. 
[bookmark: _Toc47711648]For outdoor scenario simulation, the minimum distance between micro gNBs’ of same operator in the same sector is 10 m. 
The agreement from last meeting [9] includes an FFS related to the number of sites to be considered for the outdoor. To reduce the simulation burden, we support reducing the number of sites to 1. Also, warp around should be used to account for possible inter-site interference.  
[bookmark: _Toc47711649]For outdoor scenario simulation, reduce the deployment size from 7 sites to 1 site
The agreed outdoor scenario is meant to represent an outdoor hotspot area. The traffic can be offloaded to the micro layer as long as the UE is in the micro layer coverage. For a UE to be able to connect to the Micro gNB it has to detect transmissions from the gNB with certain power level. Not only that, the transmissions from the UE should be able to reach the gNB with certain reliability. To reflect that in our simulations, only UEs that are able to reach the gNB with RSRP higher than a certain threshold should be considered in the performance evaluations. UEs that are not able to connect to the Micro layer are out of the scope. Assuming that the threshold can be -Inf is technically and fundamentally not realistic. In NR, UE is required to be able to detect SSBs with SNR as low as -5dB. Based on that, the UE association should at least be limited to UE that are able to detect DL RSRP of -76 dBm and higher. 
Since different EIRP limit for gNB and UE were agreed, the achievable coverage range is limited by the UL received power and not the DL. If the limit is set based on the DL RSRP, there will still be in the system UEs that struggle to reliably reach the gNB and suffer from poor UL performance. It is preferred that the UE association takes the UL received power in consideration.  
[bookmark: _Toc47711650]UE with RSRP lower than -76 dBm are not considered in the simulations.
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 would 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.
[bookmark: _Toc31715078][bookmark: _Toc47711646]The benefit from directional LBT in 60GHz spectrum is not clear.

Conclusion
In the previous sections we made the following observations: 
Observation 1	For the frequency range of 57-71 GHz, CEPT regulations do not mandate LBT
Observation 2	For the frequency range of 57-71 GHz, LBT is mandatory ONLY in the current ETSI BRAN harmonised standard ETSI EN 302 567 to facilitate spectrum sharing on the unlicensed c1 band.
Observation 3	According to the channel access mechanism in EN 302 567, the energy detection threshold is independent of operating channel bandwidth
Observation 4	To fulfil the OCB requirement specified in EN 302 567, for each of the declared channel bandwidths, the device has to support at least one mode of transmission where the transmission occupies at least 70% of the declared channel bandwidth.
Observation 5	In the initial draft of the ETSI EN 303 722 Harmonized Standard for c2 and c3 bands, ATPC is proposed as the medium access mechanism. LBT is not indicated in the draft.
Observation 6	New harmonized standards are being developed in ETSI BRAN for unlicensed spectrum access in the 57-71 GHz band following the updated frequency band and regulatory parameters decision by CEPT ECC.
Observation 7	To ensure a technically neutral and fair spectrum sharing mechanism among different access technologies, it is beneficial that 3GPP companies actively participate in the ETSI harmonized standard development for unlicensed spectrum in the 57-71 GHz band.
Observation 8	FCC does not enforce spectrum access and mitigation requirements for 57-71 GHz frequency band.
Observation 9	LBT is not mandated by any regional regulations for 57-71 GHz frequency band.
Observation 10	In indoor C scenario, the detected interference power is significantly less than the intended received power for most serving links
Observation 11	In indoor C scenario, operating with LBT degrade the performance in terms of DL and UL throughput, as compared with operating without LBT.
Observation 12	Even in multi-operator scenario (indoor A), operating with LBT degrade the performance in terms of DL and UL throughput, as compared with operating without LBT.
Observation 13	The effectiveness of LBT as medium access mechanism for co-existence in unlicensed spectrum in 60 GHz band is questionable.
Observation 14	ECC Report 288 concludes that in the 57-66 GHz band, system performance is reduced when LBT enabled, even with proper ED setting.
Observation 15	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	Rel-17 should consider supporting two medium access mechanism modes for the 60GHz spectrum, one requiring LBT and one without LBT.
Proposal 2	For outdoor scenario simulation, the minimum distance between micro gNBs’ of same operator in the same sector is 10 m.
Proposal 3	For outdoor scenario simulation, reduce the deployment size from 7 sites to 1 site
Proposal 4	UE with RSRP lower than -76 dBm are not considered in the simulations.
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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: 1m
[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

	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 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
· 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.





