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In this contribution we summarize the remaining issues related to the simulation methodology for NR-U operation based on the contributions submitted for RAN1#94 [1-10]. Specifically we summarize the open issues related to the outdoor scenario, additional simulation assumptions and metrics, and on prioritization among the simulation scenarios.
Sub-7 GHz Outdoor Scenario
Description
In RAN1 #93, the following agreements were reached. In particular, determining parameters A and X as described below were left open for email discussion.

Agreement:
· For sub7 GHz outdoor scenario, adopting the following
· Macro deployment with ISD=200×A meters
· Each operator randomly drops 1 micro-layer TRP within each macro cell sector with minimum distance between micro-layer TRPs equals 57.9×A meters
· Independent dropping between two operators
· Use 10 meters as the inter-operator micro-layer TRP minimum distance
· For the inter-operator micro-layer TRP maximum distance
· Outdoor scenario 1: 30
· Outdoor scenario 2: No limit as long as the TRP is within the macro cell
· UE randomly dropped within macro cell sector with a minimum serving cell RSSI of -82dBm
· All UEs dropped outdoor
· Try A>=1 and find the A that satisfies serving cell received power distribution satisfies (10+X)% to (15+X)%] UEs below -72dBm
· Other parameters follow the table below

	Parameters
	Outdoor Sub-7GHz

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz baseline , 80MHz optional

	Number of carriers
	1

	Number of users per operator
	5 per gNB per 20MHz

	SCS
	To be reported together simulation results

	Channel Model
	NR UMi street canyon

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

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

	BS/AP Antenna gain
	0 dBi   

	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

	UE receiver
	MMSE-IRC as the baseline receiver

	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
	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

	Traffic model
	Use 36.889 Table A.1.1. 
Note: Results based on the mixed traffic models can be used to determine the design.

	UE/STA to UE/STA link pathloss model
	Directly use UMi street canyon pathloss model with proper d_3D with UMi street canyon LOS probability

	gNB to gNB link pathloss model
	Directly use UMi street canyon pathloss model with proper d_3D with UMi street canyon LOS probability



An email discussion was assigned to further fine tune the parameters (A and X) on the layout of the simulation, targeting Augest 2nd for a decision. The email discussion is organized into two steps:
· Step 1: Generating the necessary cdfs
· Target a deadline of 6/15/18
· Companies to provide serving cell received power cdf for a sweep of A parameters for each sub-scenario
· We will send out a word document and excel sheet in a few days like what we did for the indoor calibration.
· Step 2: Further discussion on agreeing on the X value and selecting an A parameter
· Target an agreement on 8/2/18

The outcome of the email discussion is summarized in section 2.2 and 2.3.
Step 1: Calibration of RSSI CDFs
12 companies provided calibration results for serving cell RSSI distribution for scenario 1 and scenario 2. The percentile at -72dBm for each layout options are summarized in Table 1and Table 2 for scenario 1 and 2 respectively.
[bookmark: _Ref522376850]Table 1. Percentile of -72dBm point for UE serving cell received power for scenario 1
	
	A=1.0
	A=1.2
	A=1.4
	A=1.6
	A=1.8
	A=2.0
	A=3.0

	Qualcomm
	5.4%
	12.7%
	19.2%
	25.6%
	30.2%
	34.8%
	

	Intel
	3.4%
	10.8%
	17.2%
	25.7%
	30.3%
	37.0%
	47.9%

	LG
	5.8%
	12.6%
	20.3%
	27.5%
	33.3%
	37.7%
	

	InterDigital 
	4.4%
	9.4%
	18%
	24.5%
	32.7%
	35.9%
	

	Ericsson
	3.3%
	9.5%
	16.9%
	24.7%
	32%
	36.3%
	

	MediaTek
	4.2%
	12.0%
	17.2%
	24.7%
	31.7%
	36.5%
	

	ZTE
	4.2%
	10.3%
	17.8%
	26.6%
	32.5%
	36.3%
	

	Samsung
	5.8%
	12.5%
	19.1%
	25.4%
	31.1%
	36.8%
	

	Nokia
	7.0%
	14.8%
	21.2%
	27.9
	33.2%
	38.2%
	

	Broadcom
	8.1%
	13.5%
	17.9%
	22.3%
	27.4%
	30.8%
	

	vivo
	3.6%
	9.1%
	17.8%
	24.2%
	36.1%
	39.1%
	

	Huawei
	7.4%
	14.3%
	21.9%
	28.4%
	33.4%
	37.8%
	

	Average
	5.16%
	11.81%
	18.48%
	25.49%
	31.44%
	36.03%
	



[bookmark: _Ref522376853]Table 2. Percentile of -72dBm point for UE serving cell received power for scenario 2
	
	A=1.0
	A=1.2
	A=1.4
	A=1.6
	A=1.8
	A=2.0
	A=3.0

	Qualcomm
	6.1%
	13.1%
	18.9%
	24.3%
	28.6%
	36.2%
	

	Intel
	4.4%
	9.4%
	17.4%
	25.4%
	32.1%
	36.7%
	50.8%

	LG
	5.8%
	12.7%
	19.9%
	27.3%
	33.1%
	37.3%
	

	InterDigital 
	3.8%
	9.8%
	18.1%
	24.4%
	32.3%
	35.4%
	

	Ericsson
	3.6%
	9.3%
	16.7%
	24.6%
	32.2%
	36.3%
	

	MediaTek
	2.9%
	9.4%
	18.6%
	25.0%
	30.3%
	39.1%
	

	ZTE
	4.6%
	9.5%
	18.2%
	25.4%
	30.5%
	36.9%
	

	Samsung
	5.7%
	11.8%
	19.1%
	25.3%
	30.9%
	37.7%
	

	Nokia
	7.4%
	14.6%
	21.3
	28.2%
	32.8%
	37.9
	

	Broadcom
	8.4%
	13.1%
	18.5%
	23.2%
	26.5%
	29.5%
	

	vivo
	4.1%
	10.7%
	19.5%
	27.4%
	35.8%
	37.1%
	

	Huawei
	7.2%
	14.6%
	22.5%
	28.5%
	33.5%
	38.8%
	

	Average
	5.27%
	11.27%
	18.67%
	25.31%
	30.93%
	36.30%
	



Observation: UE serving cell RSSI cdf is well calibrated across companies. We need A=1.2 to reach 10%~15% UEs under -72dBm and we need A=1.5 to reach 20%~25% UEs under -72dBm.

Step 2: Determining Value of A and X
Based on the step1 calibration, most companies proposed considering either A=1.2 (which will achieve 10%~15% UEs with RSSI below -72dBm) and A=1.5 (which will achieve 20%~25% UEs with RSSI below -72dBm). A summary of positions of different companies at the end of the email discussion is provided below:
· Opt. 1: A=1.2 for both scenario 1 and scenario 2
· Supported by: HW, E///, MTK, Nokia, InterDigital, Intel, LG, ZTE
· Opt. 2: A=1.2 for scenario 1 and A=1.5 for scenario 2
· Supported by: QC, Samsung, LG, Broadcom, CableLabs
· Opt. 3: A=1.5 for both scenario 1 and scenario 2
· Supported by: ZTE, Intel, LG, Broadcom, CableLabs

Offline proposal:
· Downselect within the following alternatives for sub7GHz outdoor scenario
· Alt. 1: A=1.2 for both scenario 1 and scenario 2
· Alt. 2: A=1.2 for scenario 1 and A=1.5 for scenario 2

Additional simulation assumptions and evaluation metrics
Description
A couple of companies [1,4] have provided their thoughts on the evaluation metrics, such as reusing the metrics used for LTE-LAA evaluations [11]. They for example propose to use user perceived throughput as a baseline metric but also propose to look at other metrics such as buffer occupancy, latency, channel access probability etc. Contribution [5] also suggests reusing the LAA simulation assumptions for any remaining simulation assumptions and also proposes to add a minimum microAP to UE and UE to UE distance assumption. There weren’t any significantly differing alternatives proposed. 
Company positions
	Company 
	Proposals

	ZTE [1]
	Proposal 5: The metrics for NR-U evaluation should include:
· [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.
· Unfinished files should be incorporated in the UPT calculation.


	Samsung [4]
	Proposal 4: Performance metrics to evaluate include the user-perceived throughput, latency, buffer occupancy, ratio of mean served cell throughput and offered cell throughput, and channel access probability.
	

	Nokia [5]
	Proposal 5: In the evaluations, the minimum distance between a small cell and a UE, and between two UEs is three meters.
Proposal 6: For coexistence evaluations below 7GHz, reuse general evaluations assumptions specified for LTE (e)LAA coexistence evaluations.





Proposals
Proposal 2: The metrics for NR-U evaluation should include:
· Base metrics: User Perceived Throughpout, resource utilization ratio
· Additional metrics: buffer occpupancy, latency, success ratio of LBT, ratio of mean served cell throughput and offered cell throughput.
Proposal 3: In the evaluations, the minimum distance between a small cell and a UE, and between two UEs is three meters.
Proposal 4: For coexistence evaluations below 7GHz, reuse general evaluations assumptions specified for LTE (e)LAA coexistence evaluations.

Offline proposal:
· The base metrics for NR-U evaluation are the same as in LTE-LAA in TR 36.889.
· For coexistence evaluations below 7GHz, for parameters not covered by previous agreements, the evaluations assumptions specified for LTE (e)LAA coexistence evaluations apply.
· For example, the minimum distance between a small cell and a UE, and between two UEs is three meters.

Prioritization of Simulation Scenarios
Description
A couple of companies [1,4,5] have expressed their views on prioritization of the coexistence scenarios. Some companies express the view that Wi-Fi and LTE-LAA coexistence has been extensively evaluated and conclusios are expected to carry over for NR-U. However, some other companies expressed the view that co-existence evaluations for standalone deployment should be prioritized. Some others also expressed the view that Wi-Fi NR-U coexistence should be prioritized to ensure Wi-Fi performance is not degraded (such as in 5GHz). At the same time, impact of Wi-Fi on NR-U should also be evaluated (for example for 6GHz) and fairness should be ensured both ways.
Company positions
	Company 
	Proposals

	ZTE [1]
	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 no strong motivation to evaluate the scenarios of coexistence between NR-U cells and WiFi APs.
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.
Proposal 3: A prioritization on the co-existence scenarios of NR-U to NR-U is necessary.

	Samsung [4]
	Proposal 2: Coexistence performance can be evaluated between NR-U and Wi-Fi in 5 GHz band, and between NR-U and NR-U in the 5 GHz and/or 6 GHz band.

	Nokia [5]
	Proposal 1: Prioritize NR-U-WiFi co-existence evaluations below 7 GHz.
Proposal 2: For the 6 GHz band, in addition to the impact that NR-U has on WiFi, the evaluations shall also consider the impact of WiFi on NR-U to ensure fairness both ways. 
Proposal 3: Co-existence evaluations between DL+UL Wi-Fi and DL+UL NR-U are the baseline.
Proposal 4: NR-U / NR-U and NR-U / LTE LAA should also be evaluated though with lower priority. 




Proposals
Proposal 5: Co-existence evaluations between DL+UL Wi-Fi and DL+UL NR-U are the baseline.
Proposal 6: Prioritize NR-U-WiFi co-existence evaluations below 7 GHz.
Proposal 7: For the 6 GHz band, in addition to the impact that NR-U has on Wi-Fi, the evaluations shall also consider the impact of Wi-Fi on NR-U to ensure fairness both ways. 
Proposal 8: Coexistence evaluations for NR-U and NR-U are also studied in the 5 GHz and/or 6 GHz band
Proposal 9: Coexistence evaluations for NR-U with LTE-LAA are of lower priority

Offline proposal:
· For coexistence evaluation, WiFi+WiFi, WiFi+NR-U and NR-U+NR-U evaluations are baseline with equal priority.
Others
Company positions
	Company 
	Proposals

	ZTE [1]
	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.
Propose 4:  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 6: The scheme of using higher CCA thresholds within NR-U system for increasing frequency reuse factor should be reused.


	Samsung [4]
	Proposal 5: Impacts of NR-U features such as multi-beam operation, wideband operations, scalable numerology, etc., can be evaluated for the coexistence performance of NR-U/Wi-Fi and NR-U/NR-U.





Previous Agreements 
Agreements in RAN1 #92, Feb 2018
Agreement:
· 5GCM in 38.802 is used for NR-U simulation evaluation
· NR-unlicensed simulation evaluation considers the following scenarios
· Indoor sub-7GHz, 2 operators
· Outdoor Sub-7 GHz, 2 operators
· Indoor mmW, 2 Operators
· Outdoor mmW, 2 operators
· Stadium scenario for sub-7GHz, 2 operators, can be optionally considered by interested companies.
· Note: RAN1 prioritizes the simulation for sub-7 GHz band. It does not preclude evaluation for above 7 GHz.
· Deployment scenarios to simulate
· CA between NR licensed cell and NR unlicensed cell
· DC (with LTE and with NR)
· SA
· An NR cell with DL in unlicensed band and UL in licensed band
· Note: A single set of evaluations may be applicable to multiple scenarios
· Note: Only unlicensed cell(s) is simulated.
· Note: The licensed cell may not be explicitly modeled in the simulation. Necessary assumptions regarding the presence of the licensed carriers can be made and provided. 
· Coexistence with other networks (e.g. WiFi, LAA LTE, NR-U)
· When coexistence with WiFi is evaluated, only consider deployed WiFi systems (e.g. 11ac for 5 GHz)
· Fairness criterion for coexistence with 11ax can be further discussed at plenary level
· The coexistence evaluation applies to 5GHz band (11ac) and 60GHz (11ad)
· From SID: NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier
· For sub-7 GHz bands, coexistence simulations will be performed using technology neutral assumptions (eg. channel access mechanism) at an arbitrary carrier frequency in 5GHz band for application to bands other than 5GHz which may become available subject to regulations
· Note: The study assumes regulation will provide the framework concerning the protection for the technologies not using unlicensed access in those bands
Note (for the minutes): Some companies believe that a prioritization among the agreed simulation scenarios may be necessary.
Agreement:
The following network topologies are included in the evaluations:
· Indoor sub7GHz, choose one of the following options
· Option 1: Reuse 38.802 indoor hotspot topology and allocating half of the gNBs to each operator (6+6)
· Option 2: Reuse 38.802 indoor hotspot topology but further reduce gNB density (3+3)
· Option 3: Based on IEEE indoor enterprise model with modifications
· Outdoor sub7GHz
· NR dense urban scenario with two layers, but only consider the micro layer
· Randomly drop one micro layer per operator
· Indoor mmW
· Reuse indoor sub7GHz topology
· Parameter changes may be needed and submitted together with simulation results
· Outdoor mmW
· Reuse outdoor sub7GHz topology
· Parameter changes may be needed and submitted together with simulation results
Agremeents in RAN1 #92bis, April 2018
Agreement:
In the discussions in the NR-U study item, references to sub-7 GHz are intended to include unlicensed bands in the 6 GHz region that are being discussed in regulatory discussions which may have some region exceeding 7 GHz (e.g., 7.125 GHz)
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

	Parameters
	Indoor Sub-7GHz

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz baseline , 80MHz optional

	Number of carriers
	1

	Number of users per operator
	5 per gNB per 20MHz

	SCS
	To be reported together simulation results

	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

	UE receiver
	MMSE-IRC as the baseline receiver

	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
	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

	Traffic model
	Use 36.889 Table A.1.1. 
Note: Results based on the mixed traffic models can be used to determine the design.

	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



Email discussion on further layout parameter fine tuning until May 3, 2018 (Jing, Qualcomm)
Agreement: (outcome of email discussion)
· Adopt layout as in Figure 1 with a=20 meters, b=40 meters, c=20 meters, and d=40 meters for indoor sub7GHz NR-U evaluation.
[image: cid:image001.png@01D3E3E6.8A8631F0]
Figure 1. Indoor sub7 simulation office layout
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)
Agreements in RAN1 #93, May 2018

Agreement:
· For sub7 GHz outdoor scenario, adopting the following
· Macro deployment with ISD=200×A meters
· Each operator randomly drops 1 micro-layer TRP within each macro cell sector with minimum distance between micro-layer TRPs equals 57.9×A meters
· Independent dropping between two operators
· Use 10 meters as the inter-operator micro-layer TRP minimum distance
· For the inter-operator micro-layer TRP maximum distance
· Outdoor scenario 1: 30
· Outdoor scenario 2: No limit as long as the TRP is within the macro cell
· UE randomly dropped within macro cell sector with a minimum serving cell RSSI of -82dBm
· All UEs dropped outdoor
· Try A>=1 and find the A that satisfies serving cell received power distribution satisfies (10+X)% to (15+X)%] UEs below -72dBm
· Other parameters follow the table below

	Parameters
	Outdoor Sub-7GHz

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz baseline , 80MHz optional

	Number of carriers
	1

	Number of users per operator
	5 per gNB per 20MHz

	SCS
	To be reported together simulation results

	Channel Model
	NR UMi street canyon

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

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

	BS/AP Antenna gain
	0 dBi   

	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

	UE receiver
	MMSE-IRC as the baseline receiver

	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
	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

	Traffic model
	Use 36.889 Table A.1.1. 
Note: Results based on the mixed traffic models can be used to determine the design.

	UE/STA to UE/STA link pathloss model
	Directly use UMi street canyon pathloss model with proper d_3D with UMi street canyon LOS probability

	gNB to gNB link pathloss model
	Directly use UMi street canyon pathloss model with proper d_3D with UMi street canyon LOS probability



Email discussion on calibration of parameters A and X targeting a single setting of parameters for both outdoor scenarios until August 2, 2018	Qualcomm (Jing)
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