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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1 #101-e, some simulation scenarios and assumptions for NR positioning evaluation have been agreed as the following [1]. 
[bookmark: _Ref47102774]Agreement 1
· In Rel-17 target positioning requirements for commercial use cases are defined as follows:
· Horizontal position accuracy (< 1 m) for [90%] of UEs
· Vertical position accuracy (< [2 or 3] m) for [90%] of UEs
· End-to-end latency for position estimation of UE (< [100 ms])
· FFS: Physical layer latency for position estimation of UE (< [10 ms])
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy (< X m) for [90%] of UEs
· X = [0.2 or 0.5] m
· Vertical position accuracy (< Y m) for [90%] of UEs
· Y = [0.2 or 1] m
· End-to-end latency for position estimation of UE (< [10ms, 20ms, or 100ms])
· FFS: Physical layer latency for position estimation of UE (< [10ms])
Note: Target positioning requirements may not necessarily be reached for all scenarios
[bookmark: _Ref47102793]Agreement 2
· In Rel-17 SI, for the evaluation of positioning enhancements for commercial use cases, no baseline scenario is defined. UMi, UMa and IOO scenario(s) defined in TR 38.855 can be considered as optional scenarios without modifications to existing configuration parameters. 
· FFS: absolute time of arrival model for UMi, UMa and IOO scenarios
[bookmark: _Ref47102837]Agreement 3
Clutter parameters {density [image: ][image: ], height [image: ][image: ],size [image: ][image: ]} for high clutter density are set as follows:
· (Baseline): {40%, 2m, 2m} for fixed UE antenna height and gNB antenna height
· (Optional): {40%, 3m, 5m}
· (Optional): {60%, 6m, 2m}
[bookmark: _Ref47102858]Agreement 4
Optional: For evaluating vertical positioning performance, UE antenna height can be uniformly distributed within [0.5, X2]m, where X2 = 2m for InF-SH and X2=[image: ][image: ] for InF-DH defined in TR 38.901.
[bookmark: _Ref47102863]Agreement 5
Optional: For evaluating vertical positioning performance, gNB antenna height can also be set to two fixed heights, which is either {4, 8} m, or {4, max(4,[image: ])}.
[bookmark: _Ref47102894]Agreement 6
Optional: The UE/gNB RX and TX timing error, in FR1/FR2, can be modeled as a truncated Gaussian distribution with zero mean and standard deviation of T1 ns, with truncation of the distribution to the [-T2, T2] range, and with T2=2*T1:
· T1:  [X] ns for gNB and [Y] ns for UE 
· FFS: X, Y
· Note: RX and TX timing errors are generated per panel independently
· FFS: how the Rx and Tx timing errors are applied  
[bookmark: _Ref47102910]Agreement 7
Optional: UE mobility can be considered in evaluation with the consideration of the spatial consistency procedure defined in TR 38.901.
· FFS: the details of the mobility models
In this contribution, the remaining issues about additional scenarios for evaluation are discussed.
[bookmark: _Hlk38879917]Requirements
In the last RAN1 meeting, Agreement 1 has been agreed for an initial requirement for general commercial use cases and IIoT use cases.
For commercial use cases, given that some RAT-independent techniques such as GNSS have already reached a sub-meter level positioning accuracy in outdoor scenarios, it is less demanding to reach such level positioning accuracy. Besides, those indoor deployment scenarios are more likely to demand sub-meter level positioning accuracy for expected use cases. In our opinion, the target positioning requirements for commercial use cases are not necessarily be reached for UMa and UMi scenarios in R17.
For IIoT use cases, there is a strong demand for high accuracy horizontal and vertical positioning. Considering some RAT-independent techniques such as sensor positioning can reach a high vertical accuracy, we suggest the horizontal position accuracy <0.2m for 90% of UEs, the vertical accuracy <1m for 90% of UEs, end-to-end latency for position estimation of UE < 100ms,  and Physical layer latency for position estimation of UE < 10ms.
Proposal 1: 
· In Rel-17 target positioning requirements for commercial use cases are defined as follows:
· Horizontal position accuracy (< 1 m) for [90%] of UEs
· Vertical position accuracy (< [2 or 3] m) for [90%] of UEs
· End-to-end latency for position estimation of UE (< [100 ms])
· FFS: Physical layer latency for position estimation of UE (< [10 ms])
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy (< X m) for [90%] of UEs
· X = [0.2 or 0.5] m
· Vertical position accuracy (< Y m) for [90%] of UEs
· Y = [0.2 or 1] m
· End-to-end latency for position estimation of UE (< [10ms, 20ms, or 100ms])
· FFS: Physical layer latency for position estimation of UE (< [10ms])
Note: Target positioning requirements may not necessarily be reached for all scenarios

Absolute time of arrival model
In the last RAN1 meeting, Agreement 2 has been agreed about the evaluation of positioning enhancements for commercial use cases. However, the absolute time of arrival model still needs further discussion. In TR38.901 [2], the absolute time of arrival model for IIoT scenarios has already been defined, where  and  are the same for InF-SH, InF-DH, InF-SL and InF-DL. In fact, the absolute time of arrival is mainly affected by the hall size and the spacing D between BSs. In InF-SL and InF-DH, the small hall size is 120m*60m and the spacing D is 20m, in InF-SH and InF-DL, the large hall size is 300m*150m and the spacing D is 50m. As it is analyzed in section 2, the evaluation for general commercial use cases should focus on the Indoor scenario, where the hall size is 120m*50m and the ISD is 20m, which is similar to the small hall size in IIoT scenarios, so we suggest to reuse the absolute time of arrival model and parameters directly for Indoor scenario.   
Proposal 2: 
· Reuse the absolute time of arrival model for IIOT scenarios in Indoor scenario for commercial use cases.
IIoT Parameters and assumptions
[bookmark: OLE_LINK22]In the last RAN1 meeting, the clutter parameters {density [image: ][image: ], height [image: ][image: ],size [image: ][image: ]} for DH scenario has been agreed in Agreement 3 that {40%, 2m, 2m} is the baseline, {40%, 3m, 5m} and {60%, 6m, 2m} are the optional. We compare the LOS probability of the 3 clutter parameters as shown in Figure 1. It is obvious that with the clutter parameters {40%, 2m, 2m} and {40%, 3m, 5m}, 95% UEs have more than 4 LOS links. However, in a practical IIoT environment, there are lots of scenarios full of large goods shelves, assembly tools, and cranes (such as the figure1 in [3], which may lead to almost no LOS conditions. 
So, to assess the positioning performance in these practical NLOS conditions, evaluating the accuracy of clutter parameter {60%, 6m, 2m} is very important. Although the tough requirement may be difficult to reach, we can identify the performance gap, which in turn can help to identify the necessary positioning performance enhancement in some bad environment. Otherwise, the user experience and performance achievability will be impacted because of the negligence of practical NLOS scenario.
[image: ]
[bookmark: _Ref40188611][bookmark: _Ref40188607]Figure 1 the LOS probability with different clutter parameters
Proposal 3: 
· The clutter parameter {60%, 6m, 2m} should be evaluated to identify the performance gap with NLOS conditions.
To evaluate the vertical positioning accuracy, some parameters common to InF scenarios have been discussed in the last meeting, and Agreement 4 and Agreement 5 have been agreed.
The main discussion focuses on the BS height and UE height. As the channel model defined in TR38.901, the LOS probability in InF-SH and InF-DH is related to the BS height and UE height. We evaluate the LOS probability with different BS height and UE height as shown in Figure 2. It is observed when the BS height is fixed, the LOS probability is lower when the UE height is lower; and when the UE height is fixed, the LOS probability is lower when the BS height is lower. Especially in the InF-DH scenario, the LOS number decreased shapely, which will deteriorate the positioning accuracy in spite of the benefit the uniform distribution of BS or UE height. Therefore, the positioning performance gain brought by the optional BS and UE height maybe not conspicuous.
[image: ]
[bookmark: _Hlk46824531]Figure 2 the LOS probability with different BS height and UE height
In the last RAN1 meeting, whether to model the UE/gNB RX and TX timing error is also discussed and agreed in Agreement 6. In our opinion, the first step is to reach a common understanding of what is the cause of UE/gNB RX and TX timing error before discussing how to model it. 
As our understating, the UE/gNB RX and TX timing error can be the delay caused by the processing form the baseband to the antennas, or the delay caused by different antenna lengths. If the above understanding is reasonable, it may be meaningful to model the timing error because if the positioning requirement is sub-meter level, the delay caused by the antenna size may not be ignored. In Revision #2 of the summary of email discussion, it was agreed that the UE/gNB RX and TX timing error, in FR1/FR2, can be modeled as a truncated Gaussian distribution with zero mean and standard deviation of T1 ns, with truncation of the distribution to the [-T2, T2] range, and with T2=2*T1, T1 [1.4] ns for gNB and [5.6] ns for UE. We wonder whether the T1 value is reasonable. For the UE side, the distance 1.68 m will cause the 5.6ns delay, which is much larger than the actual UE terminal size, let alone the UE antenna size.  In additional to this, the timing error in BS side seems be larger than the UE side considering the shapes and sizes of equipment. So what value for UE/gNB RX and TX timing error is reasonable should be further considered. For example, if the T1 for BS side is 1.4ns, the T1 for UE side can be 0.4ns, representing the distance 0.12m, which may be closer to the reality.
Proposal 4: 
· FFS UE/gNB RX and TX timing error modeling.
In the last RAN1 meeting, Agreement 7 about UE mobility and spatial consistency has been reached. In the baseline scenario without spatial consistency, the channel of UE is random and does not depend on UE location. But, in the real situation, the LOS condition, path loss, multipath, channel condition, and so on of a UE are likely similar to nearby UEs. And, these channel characteristics of a moving UE may vary little during a short time interval within a short moving distance. So it is reasonable that the spatial consistency defined in TR38.901 is used to evaluate the performance of positioning. However, in TR38.901, there is only a spatial consistency procedure without specific modeling method such as griding and interpolation, so the griding and interpolation mainly depends on the realization of each company. For example, one method to achieve the spatial consistency of absolute time of arrival can be:
[image: ]
Figure 3 The spatial consistency griding and interpolation for absolute time of arrival



Where (x1,y1)-(x2,y2) represent the coordinates of four griding vertexs,  r12-r22 represents the random variable of abosulte time of four griding vertexs. (x,y) is the position of the UE whose random variable of absolute time  can be obtained from the above interpolation formula. 
For the spatial consistency model for absolute time is important for positioning evaluation but the griding and interpolation are not clearly defined, and considering the absolute time of arrival with spatial consistency has not been calibrated yet, as a starting point, we suggest to calibrate the absolute time of arrival with spatial consistency.
Proposal 5: 
· The absolute time of arrival with spatial consistency should be calibrated.
There is also an FFS about the details of the mobility models in Agreement 7. In our opinion, the track model should be a simple model to help evaluate how it can improve the positioning accuracy as well as reduce the simulation load. For mobility modeling in the system level simulation, it is effective to model a UE’s mobility process as a discrete process of multiple UEs. That is, on the track where a UE is moving, to simply the simulation, we can have multiple UEs on this track with distance decided by the position update rate. Each UE with a location represents the situation of the moving UE when it moves to the corresponding location at the corresponding time. Therefore, the track model may include the UE moving path, speed, acceleration, direction, position update rate and so on. The moving path and direction are used to determine the track, while the speed, acceleration and position update rate are used to determine the distance between two discrete UEs on the track. With these parameters, it is convenient to build a track model in a system-level platform. We think there are two options can be chosen, the following option1 focus on all UEs while the option2 focus on UEs outside the convex hall.
Option1:
· Track mode: linear track. The path is a linear track as shown in Figure 4, the red lines represent each track.


Figure 4 The linear track for mobility model
· Velocity & acceleration: constant speed [6-9] km/h, zero acceleration. Considering the moving UEs can be the logistics cars and mobile robots, the speed will not be as fast as the outdoor cars, it maybe 2 to 3 times the speed of indoor pedestrian UEs. It is noted that once the scattered UE is dropped, its location will not change.
· Position update rate: >100ms. Considering the simulation overhead, >100ms will be appropriate. With the constant speed [6-9]km/h and update rate 100ms, the distance between two scattered UEs is 0.25m.
· Direction: A linear path with fixed direction randomly selected at the beginning of UE dropping. It is noted that the UE only moves from the right to the left, or the left to the right without turning round.
Option2:
· Track mode: a loop track. The path is a loop track outside the convex hall as shown in Figure 5, the red lines represent the whole track. The loop track is consist of 4 line paths, each path is a single path for a moving UE to simplize the model. That is, on each line path, the UE scatter process is independent so that the speed and acceleration in the turning corner can be ignored.


Figure 5 The circle track for mobility model
· Velocity & acceleration: constant speed [6-9]km/h, zero acceleration. 
· Position update rate: >100ms. 
· Direction: A line path of the loop track with fixed direction randomly selected at the beginning of UE dropping. It is noted that the UE only moves from the end to the end without turning round. 
How the track model can help to improve positioning accuracy should also be studied. One benefit is for the UEs on this track, with the known track information, the UEs position can be corrected if it doesn’t fall on the track. In addition to this, the moving distance may also be helpful to positioning. Another benefit is to compensate for the measurement error for the UEs which are not on the track but near the moving UEs whose position can be known and the measurement difference for other nearby UEs can be derived. The specific process of how to use the track model should be further discussed.
Proposal 6: 
· UE mobility can be modeled as the following:
Option1: 
Track mode: linear track 
Velocity & acceleration: constant speed [6-9]km/h, zero acceleration.
Position update rate: >100ms 
Direction: a linear path with a fixed direction. 
Option2: 
Track mode: a loop track
Velocity & acceleration: constant speed [6-9]km/h, zero acceleration.
Position update rate: >100ms 
Direction: a loop path with a fixed direction.
Conclusion
In this contribution, we discuss additional scenarios for evaluation. We have the following proposals:
Proposal 1: 
· In Rel-17 target positioning requirements for commercial use cases are defined as follows:
· Horizontal position accuracy (< 1 m) for 90% of UEs
· Vertical position accuracy (< 3m) for 90% of UEs
· End-to-end latency for position estimation of UE (<100 ms)
· Physical layer latency for position estimation of UE (< [10 ms])
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy (< X m) for 90% of UEs
· X = 0.2 m
· Vertical position accuracy (< Y m) for 90% of UEs
· Y = 1 m
· End-to-end latency for position estimation of UE (<100ms)
· Physical layer latency for position estimation of UE (< [10ms])
Note: Target positioning requirements may not necessarily be reached for all scenarios
Proposal 2: 
· Reuse the absolute time of arrival model for IIOT scenarios in Indoor scenario for commercial use cases.
Proposal 3: 
· The clutter parameter {60%, 6m, 2m} should be evaluated to identify the performance gap with NLOS conditions.
Proposal 4: 
· FFS UE/gNB RX and TX timing error modeling.
Proposal 5: 
· The absolute time of arrival with spatial consistency should be calibrated.
Proposal 6: 
· UE mobility can be modeled as the following:
Option1: 
Track mode: linear track 
Velocity & acceleration: constant speed [6-9]km/h, zero acceleration.
Position update rate: >100ms 
Direction: a linear path with fixed direction.
Option2: 
Track mode: a loop track
Velocity & acceleration: constant speed [6-9]km/h, zero acceleration.
Position update rate: >100ms 
Direction: a loop path with fixed direction.
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Appendix
Table1: Common scenario parameters applicable for all scenarios
	
	FR1 Specific Values
	FR2 Specific Values 

	Carrier frequency, GHz 
	3.5GHz

	28GHz

	Bandwidth, MHz
	100MHz
	400MHz


	Subcarrier spacing, kHz
	30kHz for 100MHz 
	120kHz

	gNB model parameters 
	
	

	gNB noise figure, dB
	5dB
	7dB

	UE model parameters 
	
	

	UE noise figure, dB
	9dB – Note 1
	13dB – Note 1

	UE max. TX power, dBm
	23dBm – Note 1
	23dBm – Note 1
EIRP should not exceed 43 dBm.

	UE antenna configuration
	Panel model 1 – Note 1
Mg = 1, Ng = 1, P = 2, dH = 0.5λ,
(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1)
	Baseline:
Multi-panel Configuration 1 and Panel Configuration a – Note 1
-	Multi-panel Configuration 1: (Mg, Ng) = (1, 2); Θmg,ng=90°; Ω0,1=Ω0,0+180°; (dg,H, dg,V)=(0,0)
-	Panel Configuration a:
-	Each antenna array has shape dH=dV=0.5λ
-	Config a: (M, N, P) = (2, 4, 2),
-	the polarization angles are 0° and 90°
-	The antenna elements of the same polarization of the same panel is virtualized into one TXRU

Optional: FFS 



	UE antenna radiation pattern 
	Omni, 0dBi
	Antenna model according to Table 6.1.1-2 in TR 38.855

	PHY/link level abstraction
	Explicit simulation of all links, individual parameters estimation is applied. Companies to provide description of applied algorithms for estimation of signal location parameters.

	Network synchronization
	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:	0ns (perfectly synchronized), 50ns (Optional)


	Note 1:	According to 3GPP TR 38.802
Note 2:	According to 3GPP TR 38.901


Table2: Parameters common to InF scenario(s)
	
	FR1 Specific Values 
	FR2 Specific Values
	Comments (to each of the parameter)

	Channel model
	InF-SH, InF-DH

	InF-SH, InF-DH

	

	Layout 
	Hall size
	InF-SH: 
(baseline) 300x150 m 
(optional) 120x60 m

InF-DH: 
(baseline) 120x60 m
(optional) 300x150 m
	 

	
	BS locations
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
-	for the small hall (L=120m x W=60m): D=20m
-	for the big hall (L=300m x W=150m): D=50m
[image: ]
	

	
	Room height
	10m
	

	Total gNB TX power, dBm
	24dBm
	24dBm
EIRP should not exceed 58 dBm
	

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ – Note 1
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ – Note 1
One TXRU per polarization per panel is assumed
(2 port)
	

	gNB antenna radiation pattern
	Single sector – Note 1
	3-sector antenna configuration – Note 1
	

	Peneteration loss
	0dB
	

	Number of floors
	1
	

	UE horizontal drop procedure
	Uniformly distributed over the horizontal evaluation area for obtaining the CDF values for positioning accuracy, The evaluation area should be at least the convex hull of the horizontal BS deployment. It can also be the whole hall area if the CDF values for positioning accuracy is obtained from whole hall area.
	

	UE antenna height
	Baseline: 1.5m
(Optional): FFS
	

	UE mobility
	3km/h
(Optional): FFS
	

	Min gNB-UE distance (2D), m
	0m
	

	gNB antenna height
	Baseline: 8m
(Optional): FFS
	

	Clutter parameters: {density [image: ][image: ], height [image: ][image: ],size [image: ][image: ]}
	Low clutter density: 
{20%, 2m, 10m}
High clutter density:
See Proposal 5.1-7
	

	Note 1:	According to Table A.2.1-7 in 3GPP TR 38.802
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