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Introduction
[bookmark: OLE_LINK16][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK15]Some conclusions were reached at RAN1#92bis, which includes the following agreements [1]:
Agreement:
· For sub7 indoor simulation evaluation:
· Scenario: Option 2 (3+3) with indoor mixed office model
· Target to reach 10%-15% serving links below -72dBm
· Further layout parameter fine tuning may be needed. An example procedure for fine tuning is the following sequence.
· Currently a-b-a=15-20-15
· If not reaching target, try a-b-a=15-30-15 and a-b-a=20-40-20
· If not reaching target, apply a scaling factor to the layout with a-b-a=20-40-20
· Other parameters: Default is NR parameters in 38.901 and 38.802 with the exception of the following
Email discussion on further layout parameter fine tuning until May 3, 2018 (Jing, Qualcomm)
Agreement:
· For sub7 outdoor simulation evaluation:
· Select one of the following for the Outdoor sub-7 GHz scenario
· Alt 1: Each operator randomly drop [1 or 2] micro-layer TRPs within each macro cell with minimum dibstance between gNBs as in NR
· Use NR dense Urban option 1 (gNB dropped at the center of the hot-spot)
· Independent dropping between two operators
· Use the NR current [57.9] meters intra-operator minimum distance
· Use [10] meters as the inter-operator minimum distance
· UE randomly dropped within [28.9] meters within the serving cell
· Alt 2: Drop [1 or 2 or 3] hot spots as in NR urban option 1
· Within each hot-spot, randomly drop one gNB from each operator within a circle of radius [10] meters centered at the center of the hot-spot 
· The minimum inter-gNB distance is [10] meters
· Within each hot-spot, drop UE within [28.9] meters from the hot-spot center
· Parameters: Use the indoor sub7 table as baseline, with further fine tunes possible
Agreement:
· For calibration for sub-7 GHz indoor and outdoor scenarios, companies should submit for the baseline scenario:
· Cdf of received signal power from serving cell
· Optional: Cdf of received signal power from each of the all non-serving cells (including the cells from the other operator)
In this contribution, we discuss further details of scenarios, methodology and key assumptions on the system simulations for NR-U operation. 
Evaluation Scenarios and Methodology
· Scenarios
In order to better align the assessment results from different companies, more details should be further discussed and decided.
From the co-existence interference perspective, besides the co-channel interference, the adjacent channel interference also needs to be considered, especially for the cross-link interference of the inter-operator scenarios. How to model the adjacent channel scenarios needs to be studied carefully. 
For component carrier (CC)/band width part (BWP) number, according to the agreements reached in last RAN1 meeting, the configuration of the single CC/BWP can be as a baseline at least for sub-7GHz. However, we can expect that most if not all eMBB NR-UEs which are used for NR-U will have capability supporting carrier aggregation. Therefore, multiple CCs/BWPs should also be a candidate configuration in addition to single CC/BWP. To simplify the simulation, two CCs/BWPs can be taken as a basic configuration and more CCs/BWPs will not be precluded if necessary.
Regarding co-existence scenarios, we think the following aspects should be considered. 
· For 5 GHz, extensive work has been done for the co-existence between LTE-LAA and WiFi. Most conclusions are expected to be similar for the co-existence between NR-U and WiFi.
· Regarding 6 GHz, the regulation is still in discussion and no WiFi network are deployed. So, there is not strong motivation to evaluate the scenarios of coexistence between NR-U cells and WiFi APs.
· On 60GHz, WiFi network has not been widely commercial deployed, the coexistence problem between NR-U and WiFi may not be severe.
In addition, considering that LTE-LAA network is not yet deployed on a large scale so far, those co-existence scenarios involving LTE-LAA can be of low priority as well.
Therefore, we think a prioritization on the co-existence scenarios of NR-U to NR-U is necessary for this NR-U SI. 
Proposal 1: When performing a coexistence simulation, besides the co-channel interference, the adjacent channel interference also needs to be considered.
Proposal 2: Multiple CCs/BWPs should also be a candidate configuration in addition to single CC/BWP. Two CCs/BWPs can be taken as a basic configuration.
Proposal 3: A prioritization on the co-existence scenarios of NR-U to NR-U is necessary. 
· Network Topology
Regarding the network topology for sub-7 GHz, the following agreements were concluded.
On the dropping way for outdoor scenario, the conclusions as follows have been accepted [1]. The two options need to be deselected and further details also need to be discussed to confirm.
· Select one of the following for the Outdoor sub-7 GHz scenario
· Alt 1: Each operator randomly drop [1 or 2] micro-layer TRPs within each macro cell with minimum dibstance between gNBs as in NR
· Alt 2: Drop [1 or 2 or 3] hot spots as in NR urban option 1
Considering the NR-U mainly for traffic overload and using in hotspot scenarios, alt 2 with dropping 2 or 3 hot spots as in NR urban option 1 is more appropriate.

Proposal 4: On the dropping way for outdoor, alt 2 with dropping 2 or 3 hot spots as in NR urban option 1 should be selected.
· Spectrum
For 5 GHz band, we believe that similar channel access principles adopted for LTELAA will be followed for the NR-U design to enable coexistence with other technologies. These channel access principles have been evaluated and discussed extensively during the LTE-LAA WI. However, the scenarios of the coexistence between NR-U and NR-U still should be extensively evaluated for any possible new optimized solutions. 
To reduce the evaluation load, the frequency of 6 GHz can be applied on behalf of the band of 5~7 GHz (i.e. sub-7GHz) since the channel characters of 6 GHz band are similar to 5GHz used for LTE-LAA. The evaluation methodology for LTE-LAA can be as baseline and we will firstly assume that the 6GHz band uses the same regulations as 5GHz band when we evaluate it. Though we should pay attention to the progress of the discussion on the regulation for 6 GHz band.
The channel characters of 60 GHz band are very different from 6 GHz band. Meanwhile, the direct beam using massive MIMO is a typical transmission mode in 60 GHz band. In addition, the regulation for 60 GHz are also different from 6 GHz’s. So, a new evaluation methodology for 60 GHz should be studied carefully, including deployment scenarios, bandwidth, AP/TRP density, transmission power, etc. Considering the complexity and the existing foundation, the evaluation of the co-existence between NR-U and NR-U can be done firstly.
In summary, the carrier frequency for different scenarios mentioned above can be as follows:
· NR-U and NR-U which come from different operators, {carrier frequency: 5GHz, [6 GHz,] 60 GHz}
· NR-U and WiFi, {carrier frequency: 5 GHz, 60GHz (later)}
· (Optional) NR-U and LAA, {carrier frequency: 5 GHz}

Proposal 5:  The carrier frequency for different scenarios can be as follows:
· NR-U and NR-U which come from different operators, {carrier frequency: 5GHz, [6 GHz,] 60 GHz}
· NR-U and WiFi, {carrier frequency: 5 GHz, 60GHz (later)}
· (Optional) NR-U and LAA, {carrier frequency: 5 GHz}
· Bandwidth
On bandwidth size per CC, the conclusions as follows have been accepted [1].
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz.
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
So for sub-7GHz band, the value of 20 MHz still can be baseline even wider bandwidth is support in NR. 
Moreover, as we know, the BWP aspect was introduced in NR. A reasonable assumption is that LBT should be executed with a BWP granularity where the bandwidth of BWP is integer multiples of 20 MHz, which means that NR-U can occupy one BWP independently rather than have to occupy a whole wider bandwidth carrier with multiple BWPs.  
Regarding 60GHz band, a larger carrier size can be considered, e.g. 80MHz per CC/BWP.
Propose 6:  LBT should be performed with a BWP granularity for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz. 
· Metrics
The evaluation assume that NR-U is mainly used for eMBB and the evaluation need to identify at least the following.
· The benefit that NR-U provided;
· The performance impact to other coexistence system.
The base performance metrics include distributional statistics of the user perceived throughput (UPT) in low, medium and high traffic loads. The base metrics also include resource utilization (RU) ratio and the ratio of traffic packet offered/served.
To measure the performance of LBT, the performance metrics of latency and average buffer occupancy (BO) which have be used for LTE-LAA should also be included. The details of BO definition can refer to LAA SID TR [6]. In addition, statistics of the success ratio of LBT can also be considered.
Proposal 7: The metrics for NR-U evaluation should include:
· [bookmark: _GoBack][bookmark: OLE_LINK3] Base metrics: UPT in low, medium and high traffic loads, RU ratio and the ratio of traffic packet offered/served.
· Specific metrics for NR-U: BO, latency and the success ratio of LBT.
Evaluation Assumptions
In this section, the detailed assumptions for different deployment scenarios mentioned above will be provided. Default is NR parameters in 38.901 and 38.802 with the exception of the following.
Indoor Hotspot
Indoor - sub 7GHz
In order to better align the assessment results from different companies, more detailed parameters are described in Table 1.
	Table 1 Simulation parameters for indoor sub 7 GHz scenario


	[bookmark: _Hlk501627295]Attributes	
	Values or assumptions

	Layout for nodes
	Single layer, two operators.
Layout as in following Figure with a=20 meters, b=40 meters, c=20 meters, and d=40 meters in the single-floor building.



	System bandwidth
	20 MHz per CC/BWP

	Carrier frequency 
	5.0 GHz

	Subcarrier spacing
	To be reported together simulation results

	Number of carriers
	Baseline: 1, optional: 2. (to be shared between two operators/two RATs). 

	BS/AP Tx Power
	23dBm (total across all TX antennas)

	UE/STA Tx Power
	18dBm (total across all TX antennas)

	Channel Model
	NR InH Mixed Office model
h_BS=3m, h_UE=1.5m

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

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

	Fast fading parameters
	- TRP-to-UE: NR InH Mixed Office mode
- TRP-to-TRP: NR InH Mixed Office mode (h_BS=3m), ASA and ZSA statistics (**) updated to be the same as ASD and ZSD
- UE-to-UE: NR InH Mixed Office mode (h_UE=1.5m), ASD 

	BS/AP antenna Array configuration
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	BS antenna height
	3m (ceiling)

	BS antenna gain 
	0dBi

	UE/STA antenna Array configuration
	Baseline Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ
Optional Tx/Rx: (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	UE antenna height
	1.5m

	UE antenna gain 
	0 dBi

	BS noise figure
	5dB

	UE noise figure
	9dB

	UE speed
	3km/h

	UE receiver 
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Number of UEs 
	{5, 10} UEs per unlicensed band carrier (or per BWP) per BS per operator. 

	Minimum received power from serving cell for UE dropping
	-82dBm

	Minimum distance (2D distance)
	UE-UE: 3m
Minimum distance between two nodes from two networks: 3m

	Traffic model 
	Use 36.889 Table A.1.1. 
- FTP Model 3: Based on FTP model 2 as in TR 36.814 with the exception that packets for the same UE arrive according to a Poisson process with arrival rate 𝜆 and the transmission time of a packet is counted from the time instance it arrives in the queue.
- FTP model file size: {0.1, 0.5}Mbytes.
- DL/UL traffic ratio 
· 50% DL traffic and 50% UL traffic. 
· Optional: 80% DL traffic and 20% UL traffic.
Note: Results based on the mixed traffic models can be used to determine the design.




Indoor – 60 GHz
For indoor scenarios with 60 GHz band, a wider bandwidth and more antennas than that for low frequency bands could be considered. In addition, larger packet sizes need to be taken into account due to wider bandwidth.
	Table 2 Simulation parameters for indoor 60 GHz scenario


	Attributes	
	Values or assumptions

	Layout for nodes
	Single layer, two operators 
Per operator: (6BSs per 120m x 50m) in the single-floor building
The small cells of each operator are equally spaced and the deployment topology can be as shown in the diagram below.
[image: ]

	System bandwidth
	80 MHz per CC

	Carrier frequency 
	60.0GHz

	Subcarrier spacing
	To be reported together simulation results

	Number of carriers
	Baseline: 1, optional: 2. (to be shared between two operators/two RATs). 

	Total BS TX power
	11 dBm

	Total UE TX power 
	21 dBm 

	Channel Model
	NR InH Mixed Office model
h_BS=3m, h_UE=1.5m

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

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

	Fast fading parameters
	(38.802 Table A.2.1-11: Evaluation parameters specific to flexible duplex)
- TRP-to-UE: NR InH Mixed Office mode
- TRP-to-TRP: NR InH Mixed Office mode (h_UE=3m), ASA and ZSA statistics (**) updated to be the same as ASD and ZSD
- UE-to-UE: NR InH Mixed Office mode(h_BS=1.5m), ASD 

	BS antenna pattern
	(M, N, P, Mg, Ng)  = (8, 16, 2, 1, 1), dH = dV = 0.5 λ

	BS antenna height
	3m (ceiling)

	BS antenna gain 
	5dBi

	UE antenna pattern
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1) or (4, 4, 2, 1, 1), dH = dV = 0.5 λ

	UE antenna height
	1.5m

	UE antenna gain 
	0 dBi

	BS noise figure
	7dB

	UE noise figure
	13dB

	UE speed
	3km/h

	UE receiver 
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Number of UEs 
	{5, 10} UEs per unlicensed band carrier per BS per operator. 

	Minimum received power from serving cell for UE dropping
	[-82] dBm

	Minimum distance (2D distance)
	UE-UE: 3m
Minimum distance between two nodes from two networks: 3m

	Traffic model 
	Use 36.889 Table A.1.1. 
- FTP Model 3: Based on FTP model 2 as in TR 36.814 with the exception that packets for the same UE arrive according to a Poisson process with arrival rate   and the transmission time of a packet is counted from the time instance it arrives in the queue.
- FTP model file size: {0.1, 0.5}Mbytes.
- DL/UL traffic ratio 
· 50% DL traffic and 50% UL traffic. 
· Optional: 80% DL traffic and 20% UL traffic.
Note: Results based on the mixed traffic models can be used to determine the design.


	Tx power calculation
	EIRP=Tx power + antenna gain + beamforming gain[2]
e.g. 11dBm+5dBi+10log10(8*16*2)~=40dBm for BS in 60GHz
Note: How to calculate the component “beamforming gain” needs to be further discussed.



Outdoor - Dense Urban (Small cell layer only)
Outdoor – sub 7GHz
For sub 7GHz outdoor scenario, the deployment can be the dense urban scenario for NR but only small cell layer is considered.  Most evaluation assumptions are reused from the LAA evaluation scenarios [6] with NR’s numerologies.  Further details can be found in Table 3.

	Table 3  Simulation parameters for sub 7GHz outdoor scenario

	
	Unlicensed cell

	Layout for nodes
	Dense urban with micro layer only for two unlicensed operators.
Macro layer: Hex. Grid, Macro NBs of the two networks are collocated. (ISD= 200m ).
Small cell layer: Drop 2 or 3 hot spots as in NR urban option 1
- Within each hot-spot, randomly drop one gNB from each operator within a circle of radius [10] meters centered at the center of the hot-spot 
- The minimum inter-gNB distance is [10] meters
- Within each hot-spot, drop UE within [28.9] meters from the hot-spot center

[image: ]


	System bandwidth per carrier
	20MHz per CC/BWP

	Carrier frequency 
	6.0GHz

	Subcarrier spacing
	15kHz, 30kHz

	Number of carriers
	{1, 2} (to be shared between two operators/RATs)

	Total BS TX power
	24 dBm, optional: 18 dBm

	Total UE TX power 
	18 dBm 

	Large-scale channel parameters
	- Macro-to-UE: 5GCM UMa
- Micro-to-UE: UMi-Street canyon
- Macro-to-Macro: 5GCM UMa (h_UE=25m) 
- Macro-to-Micro: 5GCM UMa (h_UE=10m)
- Micro-to-Micro: UMi-Street canyon (h_UE=10m) 
- UE-to-UE: UMi-Street canyon (h_BS=1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-12

	Fast fading parameters
	- Macro-to-UE: 5GCM Uma
- Micro-to-UE: UMi-Street canyon
- Macro-to-Macro: 5GCM UMa O-to-O (h_UE=25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
- Macro-to-Micro: 5GCM UMa O-to-O

	BS antenna pattern
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	BS antenna height
	10 m

	BS antenna gain 
	5 dBi

	UE antenna pattern
	(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	UE antenna height
	1.5m

	UE antenna gain 
	0 dBi

	BS noise figure
	5dB

	UE noise figure
	9dB

	UE speed
	3km/h, optional 30km/h

	UE receiver 
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Number of UEs 
	20 UEs per unlicensed band carrier per Macro NB per operator.

	UE dropping per network
	All UEs should be randomly dropped and be within coverage of the small cell in the unlicensed band.
Example of a dropping method to achieve this with N = 20 UEs: 
· Drop a large enough number of UEs, so that at least 20 UEs are covered by the small cell in the unlicensed band. 
· Randomly select 20 UEs from the UEs that have coverage.
100% of UEs are outdoor.

	Traffic model 
	- FTP Model 3: Based on FTP model 2 as in TR 36.814 with the exception that packets for the same UE arrive according to a Poisson process with arrival rate 𝜆 and the transmission time of a packet is counted from the time instance it arrives in the queue.
- FTP model file size: {0.1, 0.5} Mbytes.
- DL/UL traffic ratio 
· 50% DL traffic and 50% UL traffic. 
· Optional: 80% DL traffic and 20% UL traffic.


Outdoor – 60 GHz
For outdoor scenario with 60 GHz band, smaller inter-site distance than low frequency band could be considered. Further details can be found in Table 4.
	Table 4 Simulation parameters for 60GHz outdoor scenario

	
	Unlicensed cell

	Layout for nodes
	Dense urban with micro layer only for two unlicensed operators.
Macro layer: Hex. Grid, Macro NBs of the two networks are collocated. (ISD= 200m ).
Small cell layer: Drop [2 or 3] hot spots as in NR urban option 1
- Within each hot-spot, randomly drop one gNB from each operator within a circle of radius [10] meters centered at the center of the hot-spot 
- The minimum inter-gNB distance is [10] meters
- Within each hot-spot, drop UE within [28.9] meters from the hot-spot center
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	System bandwidth per carrier
	80MHz per CC/BWP

	Carrier frequency 
	60.0GHz

	Subcarrier spacing
	240kHz

	Number of carriers
	1 (to be shared between two operators/RATs)

	Total BS TX power
	11 dBm

	Total UE TX power 
	21dBm 

	Large-scale channel parameters
	- Macro-to-UE: 5GCM UMa
- Micro-to-UE: UMi-Street canyon
- Macro-to-Macro: 5GCM UMa (h_UE=25m) 
- Macro-to-Micro: 5GCM UMa (h_UE=10m)
- Micro-to-Micro: UMi-Street canyon (h_UE=10m) 
- UE-to-UE: UMi-Street canyon (h_BS=1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-12

	Fast fading parameters
	- Macro-to-UE: 5GCM Uma
- Micro-to-UE: UMi-Street canyon
- Macro-to-Macro: 5GCM UMa O-to-O (h_UE=25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
- Macro-to-Micro: 5GCM UMa O-to-O

	BS antenna pattern
	(M, N, P, Mg, Ng)  = (8, 16, 2, 1, 1), dH = dV = 0.5 λ

	BS antenna height
	10 m

	BS antenna gain 
	5 dBi

	UE antenna pattern
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1) , (4, 4, 2, 1, 1), dH = dV = 0.5 λ

	UE antenna height
	1.5m

	UE antenna gain 
	0 dBi

	BS noise figure
	5dB

	UE noise figure
	9dB

	UE speed
	3km/h, optional 30km/h

	UE receiver 
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Number of UEs 
	20 UEs per unlicensed band carrier per Macro NB per operator.

	UE dropping per network
	All UEs should be randomly dropped and be within coverage of the small cell in the unlicensed band.
Example of a dropping method to achieve this with N = 20 UEs: 
· Drop a large enough number of UEs, so that at least 20 UEs are covered by the small cell in the unlicensed band. 
· Randomly select 20 UEs from the UEs that have coverage.
100% of UEs are outdoor.

	Traffic model 
	- FTP Model 3: Based on FTP model 2 as in TR 36.814 with the exception that packets for the same UE arrive according to a Poisson process with arrival rate 𝜆 and the transmission time of a packet is counted from the time instance it arrives in the queue.
- FTP model file size:  {0.5, 2} Mbytes. Note, the value of 0.1Mbytes is for small size packet traffic, signaling.
- DL/UL traffic ratio 
· 50% DL traffic and 50% UL traffic. 
· Optional: 80% DL traffic and 20% UL traffic.

	Tx power calculation
	EIRP=Tx power + antenna gain + beamforming gain[2]
e.g. 11dBm+5dBi+10log10(8*16*2)~=40dBm for BS in 60GHz
Note: How to calculate the component “beamforming gain” needs to be further discussed.


Proposal 8: The details of the evaluation assumption should be calibrated and conformed carefully.
Proposal 9: How to calculate the component “beamforming gain” needs to be further discussed.
[bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0995]Conclusion 
In this contribution, we discuss some aspects of evaluation assumptions regarding NR-U. Based on the analysis, we have the following proposals:
Proposal 1: When performing a coexistence simulation, besides the co-channel interference, the adjacent channel interference also needs to be considered.
Proposal 2: Multiple CCs/BWPs should also be a candidate configuration in addition to single CC/BWP. Two CCs/BWPs can be taken as a basic configuration.
Proposal 3: A prioritization on the co-existence scenarios of NR-U to NR-U is necessary. 
Proposal 4: On the dropping way for outdoor, alt 2 with dropping 2 or 3 hot spots as in NR urban option 1 should be selected.
Proposal 5:  The carrier frequency for different scenarios can be as follows:
· NR-U and NR-U which come from different operators, {carrier frequency: 5GHz, [6 GHz,] 60 GHz}
· NR-U and WiFi, {carrier frequency: 5 GHz, 60GHz (later)}
· (Optional) NR-U and LAA, {carrier frequency: 5 GHz}
Propose 6:  LBT should be performed with a BWP granularity for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz. 
Proposal 7: The metrics for NR-U evaluation should include:
·  Base metrics: UPT in low, medium and high traffic loads, RU ratio and the ratio of traffic packet offered/served.
· Specific metrics for NR-U: BO, latency and the success ratio of LBT.
Proposal 8: The details of the evaluation assumption should be calibrated and conformed carefully.
Proposal 9: How to calculate the component “beamforming gain” needs to be further discussed.
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Appendix A: NR-U Indoor sub7 GHz Simulation Calibration
A.1 Results for NR-U indoor sub7 GHz simulation calibration
The agreement describes the following cases to try:
· (a,b,c,d)=(15,20,20,40)
· (a,b,c,d)=(15,30,20,40)
· (a,b,c,d)=(20,40,20,40)
· (a,b,c,d)=(20,40,20,40) with 
·   (a,b,c,d)=(25,50,50,25)
The following figures show the CDF of UE received signal power from serving cell. Note -82dBm re-dropping was  enforced in this set of simulation.
The following curves show that the layout with parameters (20,40,20,40) satisfies the agreed goal on UE serving link received power distribution. 
CDF of received signal power from serving cell for sub-7GHz - Indoor scenarios
[image: ]
Percentile of -72dBm point
	(a,b,c,d)
	(15,20,20,40)
	(15,30,20,40)
	(20,40,20,40)
	(25,50,25,50)

	ZTE
	4.3%
	6.7%
	10.8%
	19.9%



A.2 Simulation parameters for the simulations in A.1
	Parameters
	Indoor Sub-7GHz

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz 

	Number of carriers
	1

	Number of users per operator
	5 per gNB per 20MHz

	Channel Model
	NR InH Mixed Office model

	BS/AP Tx Power
	23dBm (total across all TX antennas)

	UE/STA Tx Power
	18dBm (total across all TX antennas)

	BS/AP Antenna gain
	0dBi   

	UE/STA Antenna gain
	0 dBi

	BS/AP Noise Figure
	5dB

	UE/STA Receiver Noise Figure
	9dB

	Minimum received power from serving cell for UE dropping
	-82dBm

	BS/AP antenna Array configuration
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	UE/STA antenna Array configuration
	 Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ



Appendix B: NR-U Outdoor sub7 GHz Simulation Calibration
B.1 Results for NR-U Outdoor sub7 GHz Simulation Calibration









CDF of received signal power from serving cell for sub-7GHz - Outdoor scenarios
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Table 1. Percentile of -72dBm point
	
	Outdoor

	Percentile of -72dBm point
	41.4%


B.2 Simulation parameters for the simulations in B.1
	Parameters
	Outdoor Sub-7GHz

	Layout for nodes
	Macro layer: Hex. Grid, Macro NBs of the two networks are collocated. (ISD= 200m ).
Small cell layer: Drop 2  hot spots as in NR urban option 1
- Within each hot-spot, randomly drop one gNB from each operator within a circle of radius [10] meters centered at the center of the hot-spot 

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz 

	Number of carriers
	1

	Number of users per operator
	20 UEs per unlicensed band carrier per Macro NB per operator.

	Channel Model
	5GCM UMi-Street canyon

	BS/AP Tx Power
	24dBm (total across all TX antennas)

	UE/STA Tx Power
	18dBm (total across all TX antennas)

	BS/AP Antenna gain
	0dBi   

	UE/STA Antenna gain
	0 dBi

	BS/AP Noise Figure
	5dB

	UE/STA Receiver Noise Figure
	9dB

	Minimum received power from serving cell for UE dropping
	-82dBm

	BS/AP antenna Array configuration
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	UE/STA antenna Array configuration
	 Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	Radius for micro TRP dropping in a hot zone (R2)
	10m

	Radius for UE dropping in a hot zone (R1)
	28.9m
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