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Introduction
In this document, we discuss further details of NR positioning evaluation assumptions. In particular, we provide input on definition of the following two scenarios based on submitted contributions [1]-[14]:
· Scenario 2. UMi street canyon for FR1 and FR2 (ISD 200m)
· Scenario 3. UMa (ISD 500m, TBD: ISD > 500m) for FR1 only (Macro cell only deployment scenario)
Scenario 2 – UMi Street Canyon Scenario
In this section, we propose evaluation assumptions to be used for NR positioning Scenario 2 re-using parameters of UMi street canyon scenario defined in 3GPP TR 38.901 and 3GPP TR 38.802.
[bookmark: _Ref526827866]Table 1: Summary of Evaluation Parameters for UMi Street Canyon Scenario
	Parameters
	FR1 Specific Values
	FR2 Specific Values

	gNB model parameters
	
	

	Total gNB TX Power, dBm
	· Intel:
· 44dBm for 20MHz TX Power is scaled according to the simulation bandwidth
· QC, HW, Ericsson, Nokia
· 44 dBm
· ZTE
· 33dBm for 20MHz system bandwidth
· CATT
· 30 dBm
· MTK
· 33 dBm

Proposal
44 dBm
	· Intel:
· 40 dBm for 100MHz BW, TX Power is scaled according to the simulation bandwidth, EIRP should not exceed 73 dBm
· HW
· 40 dBm
· QC, Ericsson
· 35 dBm
· ZTE
· 33 dBm PA scaled down with simulation BW when system BW is higher than simulation BW.
· MTK
· 33 dBm

Proposal
40 dBm, EIRP should not exceed 73 dBm


	gNB Antenna Configuration
	· QC, Fraunhofer, HW, vivo, ZTE, Intel, MTK, Nokia:
· (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ, [TR 38.802]






Proposal
(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ, [TR 38.802]
	· Fraunhofer, HW, vivo, ZTE, Intel, MTK, Nokia:
· (M, N, P, Mg, Ng) = (4, 8, 2, 2, 2), (dH, dV) = (0.5, 0.5)λ, (dg,H,dg,V) = (4.0, 2.0)λ, [TR 38.802]
· QC:
· (M, N, P, Mg, Ng) = (8, 32, 2, 1, 1), (dH, dV) = (0.5, 0.5)λ

Proposal
(M, N, P, Mg, Ng) = (4, 8, 2, 2, 2), (dH, dV) = (0.5, 0.5)λ, (dg,H,dg,V) = (4.0, 2.0)λ, [TR 38.802]

	gNB Antenna Radiation Pattern
	· QC, Fraunhofer, vivo, ZTE, Intel, MTK, Nokia:
· Directional, 8dBi [TR 38.802], Please refer to Table 3
· Ericsson
· 

3D, Horizontal plane: omnidirectional.
Vertical plane:

 = 40 degrees,  SLAv = 20 dB, [TR 36.819 - Coordinated multi-point operation]
Antenna gain – 17 dBi

Proposal
Directional, 8dBi [TR 38.802], Please refer to Table 3
	· QC, Fraunhofer, ZTE, Intel, MTK, Nokia, HW:
· Directional, 8dBi [TR 38.802], Please refer to Table 3
· Ericsson
· 

3D, Horizontal plane: omnidirectional.
Vertical plane:

 = 40 degrees,  SLAv = 20 dB, [TR 36.819 - Coordinated multi-point operation]

Proposal
Directional, 8dBi [TR 38.802], Please refer to Table 3

	Propagation characteristics
	
	

	Channel Model
	· QC, HW, Ericsson, vivo, ZTE, Intel, MTK, Nokia, Samsung:
· According to 3GPP TR 38.901
(UMi Street Canyon)
· HW
· TR38.901 UMa
For small cell: UMi-Street Canyon

Proposal
According to 3GPP TR 38.901
(UMi Street Canyon)
	· QC, Ericsson, vivo, ZTE, Intel, MTK, Nokia, Samsung:
· According to 3GPP TR 38.901
(UMi Street Canyon)
· HW
· TR38.901 UMa
For small cell: UMi-Street Canyon 

Proposal
According to 3GPP TR 38.901
(UMi Street Canyon)

	Penetration Loss
	· QC, vivo, Nokia
· For outdoor UEs: 0 dB, 
For indoor UEs:4 GHz: 20 dB + 0.5 d2D-in, [TR 38.901]
· Ericsson
· For outdoor UEs: 0dB
For indoor Ues (optional): 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link), [TR 37.857]
· ZTE
· Option1
-	Low loss model – 80%
-	High-loss model – 20%
· -	Option2
-	Low loss model – 50%
-	High-loss model – 50%
· MTK
· Outdoor UEs: 0. Indoor UEs: high loss model or low loss model in Table 7.4.3-2, TR 38.901

Proposal
For outdoor UEs: 0 dB, 
For indoor UEs:4 GHz: 20 dB + 0.5 d2D-in, [TR 38.901]
	· QC, vivo, Nokia
· For outdoor UEs: 0 dB, 
30 GHz: 50% low loss and 50% high loss, [TR 38.901]
· Ericsson
· For outdoor UEs: 0dB
For indoor Ues (optional): 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link), [TR 37.857]
· ZTE
· Option1
-	Low loss model – 80%
-	High-loss model – 20%
· -	Option2
-	Low loss model – 50%
-	High-loss model – 50%
· MTK
· Outdoor UEs: 0. Indoor UEs: high loss model or low loss model in Table 7.4.3-2, TR 38.901

Proposal
For outdoor UEs: 0 dB, 
30 GHz: 50% low loss and 50% high loss, [TR 38.901]

	Layout considerations
	
	

	Layout
	· QC, vivo, Samsung, Intel, MTK, Nokia:
· Hexagonal grid, 19 macro sites, 3 sectors per site, ISD = 200m, [TR 38.802]
· HW:
· Hexagonal grid, 7 macro sites, 3 sectors per site, ISD = 200m
· Ericsson:
· Hexagonal grid, 7 macro sites, 3 sectors per site, ISD = 200m, [TR 38.900]
· ZTE
· Option 1:Random drop (All micro BSs are all outdoor)
-	3 micro BSs per macro BS
-	6, or 9 micro BSs per macro BS (optional), See Figures A.2.1-3, A.2.1-4 and Table A.2.1-8 in 38.211
· Option 2:Hexagonal grid, 19 micro sites, 3 sectors per site (ISD = 200m)

Proposal:
Hexagonal grid, 19 macro sites, 3 sectors per site, ISD = 200m, [TR 38.802]
	· QC, vivo, Samsung, Intel, MTK, Nokia:
· Hexagonal grid, 19 macro sites, 3 sectors per site, ISD = 200m, [TR 38.802]
· HW:
· Hexagonal grid, 7 macro sites, 3 sectors per site, ISD = 200m
· ZTE
· Option 1:Random drop (All micro BSs are all outdoor)
-	3 micro BSs per macro BS
-	6, or 9 micro BSs per macro BS (optional), See Figures A.2.1-3, A.2.1-4 and Table A.2.1-8 in 38.211
· Option 2:Hexagonal grid, 19 micro sites, 3 sectors per site (ISD = 200m)





Proposal:
Hexagonal grid, 19 macro sites, 3 sectors per site, ISD = 200m, [TR 38.802]

	Number of floors,
(floor height)
	· QC, HW, Samsung, ZTE, Intel, Nokia
· [1-8], (3m), [TR 37.857]
· Ericsson
· 1
· MTK
· [4-8], (3m)

Proposal
[1-8], (3m), [TR 37.857]

	UE drop procedure
	· Intel, ZTE,  MTK, Nokia:
· 80% indoor and 20% outdoor uniformly distributed over the horizontal area
· QC, Samsung
· 50% indoor and 50% outdoor (separate statistic)
· HW:
· 80% indoor and 20% outdoor uniformly distributed over the horizontal area

Proposal
50% indoor and 50% outdoor uniformly distributed over the horizontal area (separate statistic)
	· Intel, ZTE, MTK, Nokia:
· 80% indoor and 20% outdoor uniformly distributed over the horizontal area
· QC, Samsung
· 50% indoor and 50% outdoor (separate statistic)
· HW:
· 100% outdoor uniformly distributed over the horizontal area

Proposal
50% indoor and 50% outdoor uniformly distributed over the horizontal area (separate statistic)

	UE mobility
	· Ericsson, Samsung, Intel, MTK, Nokia:
· Indoor: 3km/h, Outdoor: 3km/h
· QC:
· Indoor: 3km/h, Outdoor: 3km/h, 50km/h
· HW:
· Indoor: 3km/h, Outdoor: 30km/h

Proposal
Indoor: 3km/h, Outdoor: 3km/h
	· Ericsson, Samsung, Intel, MTK, Nokia
· Indoor: 3km/h, Outdoor: 3km/h
· QC:
· Indoor: 3km/h, Outdoor: 3km/h, 50km/h
· HW:
· Outdoor: 3km/h

Proposal
Indoor: 3km/h, Outdoor: 3km/h

	UE antenna height
	· Intel:
· 1 m
· QC, HW, vivo, ZTE, Ericsson, MTK, Nokia:
· 1.5 m
· Samsung
· hUE = 1.5 + uniform [-0.5 – 0.5]m

Proposal
1.5 m

	Min. gNB - UE distance (2D), m
	· QC, Ericsson, Samsung, Intel, MTK:
· 10, [TR 38.901]

Proposal
10 m

	gNB antenna height
	· Intel:
· Uniformly distributed [10-25]m
· QC
· Uniformly distributed [5-20]m, [TR 37.857]
· Ericsson, Samsung, ZTE, MTK, Nokia
· 10m
· HW, vivo
· 25m

Proposal
10 m



Proposal for agreement
UMi street canyon parameters captured in Table 1 are agreed for NR positioning evaluations and captured in the 3GPP TR 38.855



Scenario 3 – UMa Scenario
In this section, we propose evaluation assumptions to be used for NR positioning Scenario 3 re-using assumption of Macro-cell only deployment (ISD 500m) defined in 3GPP TR 37.857 (refer to Case 1 w/o small cells) and reusing UE, gNB and system specific parameters from 3GPP TR 38.802.
[bookmark: _Ref525303560]Table 2: Summary of Evaluation Parameters for UMa Scenario
	Parameters
	FR1 Specific Values
	FR2 Specific Values

	gNB model parameters
	
	

	gNB TX Power, dBm
	· Intel, MTK:
· 49dBm for 20 MHz, TX Power is scaled according to the simulation bandwidth
· QC, HW, , Nokia
· 49 dBm
· Ericsson, CATT
· 46 dBm
· ZTE
· Dense urban:Macro layer:
Below 6GHz: 44 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 44 dBm
Urban:Below 6GHz: 49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm
EIRP should not exceed 78 dBm (*)
Rural:49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm
Proposal
49 dBm
	· Intel:
· 43dBm for 100MHz, TX Power is scaled according to the simulation bandwidth, EIRP should not exceed 78 dBm
· QC
· 35 dBm
· Ericsson
· 46 dBm
· , NokiaZTE, CATT, HW
· N/A











Proposal
43dBm, EIRP should not exceed 78 dBm

	gNB Antenna Configuration
	· QC, Fraunhofer, HW, vivo, ZTE, Intel, MTK, Nokia, CATT:
· (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1),  (dH, dV) = (0.5, 0.8)λ, [TR 38.802]
· Ericsson
· 2TX in DL, Cross-polarized



[bookmark: _GoBack]
Proposal
(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1),  (dH, dV) = (0.5, 0.8)λ, [TR 38.802]
	· Fraunhofer, vivo, Intel, MTK, Nokia:
· (M, N, P, Mg, Ng) = (4, 8, 2, 2, 2), (dH, dV) = (0.5, 0.5)λ, (dg,H,dg,V) = (4.0, 2.0)λ, [TR 38.802]
· QC, HW
· N/A
· Ericsson
· 2TX in DL, Cross-polarized

Proposal
(M, N, P, Mg, Ng) = (4, 8, 2, 2, 2), (dH, dV) = (0.5, 0.5)λ, (dg,H,dg,V) = (4.0, 2.0)λ, [TR 38.802]

	gNB Antenna Radiation Pattern
	· QC, Fraunhofer, HW, vivo, ZTE, Intel, Nokia:
· Directional, 8dBi [TR 38.802], Please refer to Table 3
· Ericsson
· 

3D, Horizontal plane: omnidirectional.
Vertical plane:

 = 40 degrees,  SLAv = 20 dB, [TR 36.819 - Coordinated multi-point operation]
Antenna gain – 17 dBi
Proposal
Directional, 8dBi [TR 38.802], Please refer to Table 3
	· Fraunhofer, vivo, Intel, Nokia:
· Directional, 8dBi [TR 38.802], Please refer to Table 3
· Ericsson
· 

3D, Horizontal plane: omnidirectional.
Vertical plane:

 = 40 degrees,  SLAv = 20 dB, [TR 36.819 - Coordinated multi-point operation]

Proposal
Directional, 8dBi [TR 38.802], Please refer to Table 3

	Propagation characteristics
	
	

	Channel Model
	· Intel:
· 3D-Uma [referring to Table 7.3-6 in TR36.873] 
· QC, HW, Ericsson, CATT, vivo, MTK, Nokia, Samsung:
· According to 3GPP TR 38.901 (UMa scenario)
· ZTE
· Urban: 3D UMa
· Rural:ITU Rural

Proposal
According to 3GPP TR 38.901 (UMa scenario)
	· QC, Ericsson, HW, vivo, Intel, CATT, MTK, Nokia, Samsung:
According to 3GPP TR 38.901 (UMa Scenario)






Proposal
According to 3GPP TR 38.901 (UMa scenario)

	Penetration Loss
	· QC, vivo, Nokia
· For outdoor UEs: 0 dB, 
For indoor UEs:4 GHz: 20 dB + 0.5 d2D-in, [TR 38.901]
· Ericsson, СATT
· For outdoor UEs: 0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)
· ZTE
· Option1
-	Low loss model – 80%
-	High-loss model – 20%
· -	Option2
-	Low loss model – 50%
-	High-loss model – 50%
· MTK
· Outdoor UEs: 0. Indoor UEs: high loss model or low loss model in Table 7.4.3-2, TR 38.901






Proposal
For outdoor UEs: 0 dB, 
For indoor UEs:4 GHz: 20 dB + 0.5 d2D-in, [TR 38.901]
	· QC, vivo, Nokia
· For outdoor UEs: 0 dB, 
30 GHz: 50% low loss and 50% high loss, [TR 38.901]
· Ericsson
· For outdoor UEs: 0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)
· СATT
· For indoor UEs on the same floor in the same building: 0dB
For indoor UEs on another floor in the same building: O2I building penetration low-loss model in Table 7.4.3-2 in TR38.901. 
For outdoor UEs: O2I building penetration low-loss model in Table 7.4.3-2 in TR38.901
For indoor UEs in another building: O2I building penetration high-loss model in Table 7.4.3-2 in TR38.901.
· MTK
· Outdoor UEs: 0. Indoor UEs: high loss model or low loss model in Table 7.4.3-2, TR 38.901
Proposal
For outdoor UEs: 0 dB, 
30 GHz: 50% low loss and 50% high loss, [TR 38.901]

	Layout considerations
	
	

	Layout
	· QC, Fraunhofer, HW, vivo, Samsung, CATT, Intel, Nokia:
· Hexagonal grid, 19 macro sites, 3 sectors per site, ISD = 500m, [TR 37.857]
· Ericsson
· Hexagonal grid, 7 or 19 macro sites, 3 sectors per site, ISD = 500m + Outdoor micro layer
· ZTE
· Hex. Grid,
Dense urban:200m;
Rural:1732m for 4GHz and 1732m and 5km for 700 MHz
Urban:500m
· MTK
· Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m)

Proposal
Hexagonal grid, 19 macro sites, 3 sectors per site, ISD = 500m, [TR 37.857]
	· QC, Fraunhofer, vivo, Samsung, Intel, Nokia:
· Hexagonal grid, 19 macro sites, 3 sectors per site, ISD = 500m, [TR 37.857]
· Ericsson
· Hexagonal grid, 7 or 19 macro sites, 3 sectors per site, ISD = 500m+ Outdoor micro layer
· MTK
· Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m)







Proposal
Hexagonal grid, 19 macro sites, 3 sectors per site, ISD = 500m, [TR 37.857]

	Micro cell layer
	· Ericsson
· Outdoor small cells 0, 4, 10 per macro cell. UE dropping: 2/3 UEs randomly and uniformly dropped within the hotzone buildings, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area (including hot zones).
	· CATT
· 1 building with 4 floors, 4 micro BS per floor, InH channel
· UE dropping: 2/3 UEs randomly and uniformly dropped within the hotzone buildings, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area (including hot zones).

	Number of floors,
(floor height)
	· QC, Ericsson, Samsung, ZTE, CATT, Intel, MTK, Nokia
· 8, (3m), [TR 37.857]
Proposal
8, (3m), [TR 37.857]

	UE drop procedure
	· Ericsson, ZTE, CATT, Intel, Nokia:
· 80% indoor and 20% outdoor
· QC, Samsung
· 50% indoor and 50% outdoor (separate statistic)
· HW:
· 80% indoor and 20% outdoor uniformly distributed over the horizontal area

Proposal
50% indoor and 50% outdoor uniformly distributed over the horizontal area (separate statistic)
	· Ericsson, ZTE, Intel, Nokia:
· 80% indoor and 20% outdoor
· QC, Samsung
· 50% indoor and 50% outdoor (separate statistic)
· HW:
· 100% outdoor uniformly distributed over the horizontal area

Proposal
50% indoor and 50% outdoor uniformly distributed over the horizontal area (separate statistic)

	UE mobility
	· Ericsson, Samsung, CATT, Intel:
· Indoor: 3km/h / Outdoor: 3km/h
· QC:
· Indoor: 3km/h / Outdoor: 3km/h, 120km/h
· HW, Nokia:
· Indoor: 3km/h, Outdoor: 30km/h

Proposal
Indoor: 3km/h / Outdoor: 3km/h
	· Ericsson, Samsung, Intel, Nokia:
· Indoor: 3km/h / Outdoor: 3km/h
· QC:
· Indoor: 3km/h / Outdoor: 3km/h, 120km/h
· HW:
· Outdoor: 3km/h

Proposal
Indoor: 3km/h / Outdoor: 3km/h

	UE antenna height
	· QC, Ericsson, HW, ZTE, CATT, Intel, MTK, Nokia:
· 1.5 m [TR 37.857]
· Samsung
· hUE = 1.5 + uniform [-0.5 – 0.5]m

Proposal
1.5 m [TR 37.857]

	Min. gNB - UE distance (2D), m
	· QC, Ericsson, Samsung, CATT, Intel, MTK, Nokia:
· 35 [TR 37.857]

Proposal
35m [TR 37.857]

	gNB antenna height
	· QC, Ericsson, CATT, Intel:
· Uniformly distributed [20-50] m
· HW, vivo, Samsung, MTK, Nokia
· 25m
· ZTE
· Urban:25m;
· Rural:35m;

Proposal
Uniformly distributed [20-50] m




Proposal for agreement
UMa parameters captured in Table 2 are agreed for NR positioning evaluations and captured in the 3GPP TR 38.855

Additional Channel Model Considerations
Given that AoA and AoD may be considered as a potential information to be used in NR positioning design options RAN1 need to decide how to interpret angles of departure and angles of arrival in NLOS channel models. In NLOS model there is no LOS path (K-Factor) defined and angles for the first arrival path are not aligned with the LOS direction between gNB and UE.
Proposal for agreement
For NLOS channel model, enforce the first cluster to the LOS direction ϕLOS, AOA and θLOS,ZOA similar to LOS case

Conclusions
In this contribution, we provided summary of views for two NR positioning evaluation scenarios. We propose to use this document as a starting point for discussion aiming to finalize details of NR positioning evaluation scenarios.
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Annex – A: NR System Level Evaluation Assumptions
The following Table (defined in the 3GPP TR 38.802) was used as a baseline for NR system level evaluations.
[bookmark: _Ref525050775]Table 3: 3-Sector BS antenna radiation pattern for above 6GHz (same as Table A.2.1-6: in TR 38.802)
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	


	Antenna element horizontal radiation pattern (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	8dBi
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