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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The NR positioning study item with revised version in [1] was agreed in RAN#81. Several aspects need to be discussed in the SI including requirements, evaluation methodology, and positioning techniques. For NR positioning, it is suggested in the SID to reuse the LTE simulation methodology in LTE positioning study, with a combination of link and system-level positioning to evaluate the overall performance of the positioning techniques described in [2].
Scenarios and Performance Metrics
Deployment Scenarios
Based on the SID, the evaluation scenarios of interest should support both regulatory and commercial use cases. The regulatory target is 50 m accuracy with 80% availability. For commercial use case, both indoor and UMi require higher positioning accuracy as studied in [6].
We propose to use the three representative scenarios: indoor hotspot, dense urban, and urban macro with the configurations described in [2]. Both FR1 and FR2 should be considered. FR2 is more appropriate for indoor hotspot and dense urban while FR1 is appropriate for all three scenarios.
Proposal 1: Consider Indoor hotspot, dense urban, and urban macro scenarios for FR1. Consider Indoor hotspot and dense urban scenarios for FR2.

Evaluation Metrics
The key performance metric for positioning is positioning accuracy. The positioning accuracy can be illustrated in the form of positioning error vs CDF plot, where the positioning error of the ith UE is defined as:
 ,
where () denotes the true 3D coordinate of the ith UE, and () denotes the estimated 3D UE coordinate. The positioning errors at 40%, 50%, 70%, 80%, and 90% are selected for performance evaluation.
Simulation Procedure
Both system level and link level simulations are required for positioning. Taking NR OTDOA as an example, the simulation involves the following steps:
Step 1. System generation
 Generate network, and drop UEs randomly with uniform spreading over the network
 Assign UEs to the best cells with respect to the average power gain; For FR2, assume the best beam pair link is selected for transmission.
 Generate interference for OTDOA. For FR 1, take into account the positioning RS pattern; for FR 2, since both the transmission and reception of positioning RS are based on analog beams, inter-cell interference due to RS pattern collision is negligible. 
Step 2. OTDOA measurements generation at the link level, and collection of the signal quality statistics
 Generate the transmitted signal.
 Generate the propagation channel and model the received signal at UE side. 
 Apply a UE receiver algorithm to estimate TDOA for different neighboring cells. 
Step 3. Calculation of UE positions
 Each UE solves a least squares problem for the system of at least three positioning equations. 
Step 4. Calculation of positioning error
A similar procedure can be applied to UTDOA evaluation. Uplink interference from other UEs does not need to be considered since uplink SRSs are orthogonal. UL angle-based positioning is similar to UTDOA where the measurements of AOAs in azimuth and zenith are collected at BS instead of TDOA measurements in UTDOA. For DL angle-based positioning, beam sweeping at BS may be needed.

Link Level Simulation
The block diagram of link-level simulations is shown in Figure 1. For positioning, the metrics of interests are the estimated UE position error compared to the true UE location. 
[image: ]
[bookmark: _Ref525826955]Figure 1 Block diagram of link-level simulation

3.1.1 Reference Signal
LTE PRS and NR TRS (CSI-RS for tracking) can be considered as a starting point for OTDOA evaluation. A new PRS design may be considered for future evaluations if the PRS/TRS is not enough. SS/PBCH block can also be considered for positioning. For UTDOA and UL angle-based positioning evaluation, NR SRS can be used as the baseline. For DL angle-based positioning, DL beamformed RS, e.g., PRS, CSI-RS, and SS/PBCH block, can be considered as the baseline.
The LTE PRS pattern within a PRB of an NR-slot is shown in Figure 2 from [3]. The frequency domain cyclic shift is determined by a configurable ID so that the collision between PRS from different cells or TRPs can be managed by network. The PRS bandwidth can be extended to support the NR wider bandwidth.



[bookmark: _Ref525827222]Figure 2 Mapping of positioning reference signals (normal cyclic prefix)
For NR TRS, the symbols pairs {4, 8}, {5, 9}, and {6, 10} in a slot can be used in FR1 to avoid collision between additional DMRS. On each TRS symbol, a one-port CSI-RS resource is defined with the frequency domain density D=3. The pattern of NR TRS within a slot for FR1 is shown in Figure 3, where the RE location and symbol location can be configured to avoid interference.
[image: ]
[bookmark: _Ref525827242]Figure 3 NR-TRS patterns within a slot for FR1
The NR SRS pattern is defined in the section 5.5.3 of [7] and can be reused. An example of SRS pattern is illustrated in Figure 4.
[image: ]
[bookmark: _Ref525827251]Figure 4 SRS pattern within a slot for FR1

3.1.2 Synchronization Error Model
For synchronization error, a truncated Gaussian distribution can be used, as has been done in [4]. Specifically, the Gaussian distribution before truncation has an r.m.s. value of T1, truncated at ±T2 where T2=2T1. In NR, T1 = [8] ns is suggested.
Proposal 2: Reuse the truncated Gaussian distribution as the synchronization model with r.m.s. value T1 and range [-T2, T2]. T2=T1, and T1 = [8] ns is suggested.

3.1.3. Channel Model
The channel model of TR38.901 (subclause 7.5 of [5]) can be used for the positioning evaluation. We suggest to reuse the channel modeling work done for NR and base evaluations on the channel model from TR38.901. 
Proposal 3: Use the channel model in TR38.901 as a representative model for link-level simulations.

3.2 System Level Simulation
The system level evaluations are mainly used for distributing UEs and collecting the RSRPs from all BSs at UE. There are three scenarios considered in the positioning evaluation: urban macro, dense urban, and indoor hotspot. The system level assumptions in [2] are used. The indoor hotspot layout is shown in Figure 5. 12 gNBs are deployed, and the boresight direction of the array panel is perpendicular to the ceiling. An alternative layout for indoor hotspot is given in Figure 6, where ISD=50m. This layout is more commonly used in practice since the antenna panel at the BS are mounted on the wall with a bearing angle of -90o or 90o, thus ensuring much better coverage. Therefore, the layout in Figure 6 is more representative of practical deployments.
An example of outdoor layout with seven BSs is illustrated in Figure 7. For both urban macro and dense urban, the BS number can be selected to be 7 or 19. The rest of the parameters are the same as in [2]. 
At the UE, the RSs from different gNBs suffer from different levels of interference and channel propagation loss. In order to guarantee a good measurement quality, the selected gNB(s) should have a received SINR above a predetermined threshold value. Ideally, the threshold should be selected so that a UE can generally select 3 to 7 gNBs in order to ensure good location accuracy.
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[bookmark: _Ref525827260]Figure 5 Layout of Indoor hotspot. ISD=20m
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[bookmark: _Ref525827267]Figure 6 Layout of Indoor hotspot. ISD=50m
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[bookmark: _Ref525827302]Figure 7 Layout of Dense Urban, Urban Macro

The system level evaluation assumptions for the three scenarios are listed in Table 1.
[bookmark: _Ref525827447]Table 1 System level evaluation assumptions for Indoor hotspot, Dense urban, and Urban macro
	Parameters
	Indoor hotspot
	Dense urban
	Urban macro

	Layout
	Single layer
Indoor floor: (12BSs per 120m x 50m)

	Single layer:
Macro layer: Hex. Grid


	Single layer
Macro layer: Hex. Grid

	Inter-BS distance 
	20m
	200m
	500m

	Carrier frequency 
	4GHz, 30GHz
	4GHz, 30GHz
	4GHz

	Simulation bandwidth
	100MHz, (5MHz, 400MHz for FR2)

	Channel model
	TR38.901
InH
	TR38.901
UMa
For small cell:
UMi-Street Canyon
	TR38.901
UMa

	BS Tx power 
	FR1: 24dBm
FR2: 23dBm
	FR1: 44dBm
FR2: 40dBm
	FR1: 49dBm
FR2: 43dBm

	UE Tx power 
	Below 6GHz: 23dBm
30GHz: 23dBm
70GHz: 21dBm
EIRP should not exceed 43 dBm

	BS antenna configurations
	SeeTR38.802 Table A.2.1-4.

	BS antenna height 
	3m
	25m 
	25m

	BS antenna element gain + connector loss
	See TR38.802 Table A.2.1-4

	BS receiver noise figure
	Below 6GHz: 5dB
Above 6GHz:7dB

	UE antenna configuration
	See TR38.802 Table A.2.1-4.

	UE antenna height
	Follow TR38.901 

	UE antenna gain
	Follow the modelling of TR38.901

	UE receiver noise figure
	Below 6GHz: 9dB
Above 6GHz: 13dB (baseline performance), 10dB (high performance)

	Traffic model
	Full buffer and FTP model 1/2/3 with packet size 0.1 and 0.5Mbytes (other value is not precluded). 
Other traffic models are not precluded.

	UE distribution
	100% Indoor, 3km/h,

	FR1: 80% indoor (3km/h), 20% outdoor (30km/h,) 
FR2: outdoor (3km/h)
	FR1: 20% Outdoor 30km/h
80% Indoor 3km/h
FR2: outdoor (3km/h)

	Network synchronization error
	Perfectly synchronized for baseline.  
Additionally, network synchronization error case can be optionally simulated.  If included, the network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing  difference of T2 ns, where T2 = 2*T1
–	That is, the range of timing errors is [-T2, T2]
–	T1:	Default: [8] ns (for the additional performance evaluation)
–	Each individual company can further pick other values

	UE Calibration Error
	Perfectly calibrated for baseline.




Conclusions
Proposal 1: Consider Indoor hotspot, dense urban, and urban macro scenarios for FR1. Consider Indoor hotspot and dense urban scenarios for FR2.
Proposal 2: Reuse the truncated Gaussian distribution as the synchronization model with r.m.s. value T1 and range [-T2, T2]. T2=T1, and T1 = [8] ns is suggested.
Proposal 3: Use the channel model in TR38.901 as a representative model for link-level simulations.

References
[1] [bookmark: _Ref524782935][bookmark: _Ref525825367]3GPP RP-182155, “New SID: Study on NR positioning support,” Gold Coast, Australia, 2018-09.
[2] [bookmark: _Ref525825422]3GPP TR 38.802, “Study on New Radio Access Technology Physical Layer Aspects”, 2017-09.
[3] [bookmark: _Ref525825466]3GPP TR 36.211, “Physical Channels and modulation (Release 14)”, 2017-09.
[4] [bookmark: _Ref525825606]3GPP TR 37.857, “Study on indoor positioning enhancements for UTRA and LTE”, 2015-12
[5] [bookmark: _Ref525825638]3GPP TR 38.901, “Study on channel model for frequencies from 0.5 to 100 GHz”, 2018-06.
[6] [bookmark: _Ref525825656]R1-1810150, “Use cases, requirements, and evaluation scenarios”, Chengdu, China, 2018-10.
[7] [bookmark: _Ref525825587]3GPP TR 38.211, “Physical Channels and modulation (Release 15)”, 2018-09.


oleObject1.bin
One and two PBCH antenna ports



image3.png
e TRS por

NR-Slot

Antemaport3000




image4.png
tion

2

NR-Slot

Antemaport 1000




image5.jpeg
BS

10m

20m

20m

20m

20m

20m

wgp

10m

wog

wg|

wos

120m




image6.jpg
® BS

0

50m-

S0

120m





image7.png




image1.jpg
Source

RS

> Sync

Channel

Insertion

Ermor

>

Selection

~

M easurements.
Collection

Position
Determination





image2.emf
0



l 6



l 0



l 6



l

F

o

u

r

 

P

B

C

H

 

a

n

t

e

n

n

a  

p

o

r

t

s

6

R

6

R

6

R

6

R

6

R

6

R

6

R

6

R

6

R

6

R

6

R

6

R

6

R

6

R

0  l 6  l 0  l 6  l

O

n

e

 

a

n

d

 

t

w

o

 

P

B

C

H

 

a

n

t

e

n

n

a

 

p

o

r

t

s

6

R

6

R

6

R

6

R

6

R

6

R

6

R

6

R

6

R

6

R

6

R

6

R

6

R

6

R

6

R

6

R

even-numbered slots odd-numbered slots

Antenna port 6

even-numbered slots odd-numbered slots

Antenna port 6


