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[bookmark: _Ref408846065][bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
During RAN1#101e it was discussed to consider UE mobility for the positioning performance evaluation. In this contribution we define the relationship of the track parameters and the positioning reference signal configuration. We also provide our view and analysis for the UE antenna configuration.
[bookmark: _Ref47649920]Generation of tracks for positioning simulations
In RAN1#101e tracks (UE mobility) was discussed for positioning performance evaluation. The following agreement was made while keeping the details for the mobility as FFS:
	Agreement:
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



Typically, the system evaluation is performed assuming random UE dropping. For positioning two types of applications are distinguished: 
· Localization of UEs on demand (triggered by the user or by the network) 
· Continuous tracking of moving devices 
If sequential transmission of SRS sequences (with different spatial relationship) is assumed, the UE may move during two SRS transmissions. A similar problem may result for DL-PRS reception, if the number of ADCs (UE TXRUs) is limited and antennas with narrow beams (e.g. FR2 antennas) are used ( UE beam sweeping may be required). Furthermore, the measurements required to establish the spatial relationship and to adjust the power control, performed before first signal transmissions may introduce a significant latency. For TDOA (OTDOA and UL-TDOA) -based positioning algorithms targeting a high position accuracy the use of measurements performed within different time slots may introduce a significant additional error.
To take these effects into account we propose to define the movement profile of a UE by “tracks”. Depending on the scheduled transmission time of the RS, UE speed and driving direction, the related positions can be calculated. 
Different types of tracks will be discussed 
· Short tracks representing the movement of a UE during a sequence of SRS transmissions or DL-PRS receptions assuming sequentially transmitted reference signals (RS) or sequentially configurable receive spatial filters. 
· Continuous tracks useful for testing of advanced positioning technologies (e.g. Kalman filter based positioning). 
A track will be described as a set of positions. The distance between the positions depends on the resource allocation parameters and the speed of the UE. 


Defining track segments

[image: ]
Figure 1: Overview to effects along a track
During the movement of a UE along a track the following events must be taken into account: 
· Change of UE orientations: 
This may require an update of the spatial filter and/or the applicable spatial relationship
· Change of UE position between sequential transmissions/reception: 
Depending on the scheduling of the SRS or DL-PRS transmissions the change of the position between two transmissions of reference signals may be negligible. But in case of positioning algorithms using the phase information a small change may be already relevant.
Furthermore, in case of beam sweeping with narrow beams many beams may be required. This may cause the measurements related to one TDOA set to be spread over time in which the change of the position becomes relevant. 
For advanced positioning algorithms (e.g. Kalman-filter based positioning) a regular update of the ToA measurements is essential. The track can be defined according to the periodicity of the RS transmissions. 
· Change of UE position/orientation before a transmissions/reception: 
The UE may perform measurements before transmitting an SRS. In case of fast-moving devices, the scheduled measurements may be outdated before the time slots scheduled for SRS transmissions. This may be, for example, relevant if the DL-PRS is used as reference signal for spatial relationship and power control for SRS transmissions. 
· Change of LOS/NLOS condition: 
Especially for FR2, already small objects may temporally block the signal 

Based on this, we propose two types of tracks (Figure 2):
· Short tracks (or short segments of a long track) representing the movement of a UE during a sequence of measurements and sequential transmissions of RSs. 
· Long tracks for evaluation of the impact of changes of the receive condition and the required procedures. This includes: 
· Change of UE orientation
· Change of LOS/NLOS conditions
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[bookmark: _Ref47598436]Figure 2: Split tracks in segment
A “segment” represents the movement during a sequence of transmissions related to one localization event. A segment is described by several position points representing the position of the UE at the time when a signal is transmitted or received. Typically, a segment is very short (Example: Everything is performed within a frame of 10ms. With the UE moving at 10m/s, the length is 10cm, for procedures requiring more time the segment length can be calculated accordingly). Hence, all snapshots along a segment are spatially consistent and the same large-scale channel parameters (cluster positions and resulting AoA, AoD, CIR delays, etc.) can be used. Only fast fading effects (especially change of phase of the channel coefficients) shall be considered.   
For “single shot” positioning random dropping of segments can be used. This means, instead of a random generation of a single position, the starting point and the orientation of the segment is using a similar procedure as used for random dropping of UE. The other positions of the snapshots can be calculated accordingly. 
In case of continuous tracking of a device along a track several segments can be concatenated. Instead of generation of random start positions and orientation the segments are placed along a track. 

Observation 1: 	For the UE mobility, a “segment” can be defined representing the change of the position of the UE according to the selected scheduling of the related RS transmissions/reception and the positioning approach.
Proposal 1:	When UE mobility is applied, a “drop” is considered as a “segment” represented by a set of positions. The segment is characterized by:
· Track mode: linear
· Segment starting point: UE dropping procedures applies
· Orientation : random

Example on segments usage
The transmissions and related measurements required for one localization event (“single shot positioning”) may be partly performed sequentially. 
Examples are: 
1. DL-TDOA: beam sweeping is used at TRP and UE side: 
The scheduling of the DL-PRS transmissions and the UE beam sweeping define the time distance between snapshots. Together with the UE speed the distance of the positions related to the transmit/receive time can be calculated. 
2. UL-TDOA: spatial relationship and power control: 
The gNB may first request measurements to define the spatial relationship and RS for power-control for the SRS resources. After receiving the measurements, the gNB may schedule/trigger the SRS transmissions. Several resources may be transmitted sequentially. The time between these processing steps may become relevant for moving devices.   
3. RTT: The measurements are performed sequentially. For high accuracy positioning the change of the position between the measurements may become relevant. 
To further detail one example, we use the following scenario:
1. A UE with 4 antenna panels (see next chapter) is assumed.
2. The configuration of the required SRS resources for positioning is based on SSB measurements. 
3. The UE reports the measurements and the SRS resources (number of required resources to reach several TRP, spatial relationship for each resource, power control configuration).
4. In Rel.16 it is not assumed that the UE can transmit several SRS resources within one OFDM symbol. Assuming 4 panels with narrow beams a sequential transmission is configured. 
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Figure 3: Relationship between transmit timing and snapshot position on the segment

Based on this principle it is possible to define segments according to the selected air-interface parameter (DL-PRS period, SSB parameters, number of TXRU per UE used for positioning, number of SRS resources configured, scheduling of the SRS resource transmission) and the assumed UE speed. 

LOS/NLOS condition over (longer) tracks 
In case of averaging or advanced positioning algorithms such as Kalman-filter, for example, several successive ToA measurements per link may be used. In this case segments can be placed along a trajectory according to the UE speed and the periodicity of the RS signal transmissions. 
To simulate also the change between the receive condition LOS  NLOS, a simple 2-state Markov model is proposed. The parameters for the Markov model can be selected according to the LOS probability in line with the agreed model and the average duration (length) of a LOS or NLOS state. 
After each segment the next state is selected. The next state may either
· Remain in same state 
· Or change state. 
For a 2-state model, the transition probabilities PLOS>NLOS (=P12) and PNLOS>LOS (=P21) define, the state sequence and the other two probabilities can be calculated by P11 = 1- P12  and P22 = 1- P. 
[image: ]
Figure 4: 2-state Markov model 

For the calculation of the state transition matrix, the mean state durations for LOS and NLOS are required. These values can be derived from measurements and may be not available. As a first guess we propose to derive the state transition matrix from the parameters of the LOS/NLOS model. Assuming
· dClutter is a good indicator for the length of the NLOS state, the state transmission matrix can be derived from dClutter and the LOS probability. Assuming a segment is generated every dSegmentDistance , the mean number of segments in NLOS state can be calculated by: 

· the LOS probability PrLOS is calculated according LOS/NLOS model (see TR 38.901)
  
The state transition matrix can be calculated by 




For low LOS probabilities a very short LOS length or even a negative (= not valid) transition probability P11 may result. In this case we propose to use a minimum average length of the LOS duration and we calculate the state transition matrix by 






For  we propose 1m and to use this minimum LOS state length for LOS probabilities < 0.1.
According to these parameters we propose to generate for the segments along a track the LOS/NLOS state of the next segment using a 2-state Markov process with a state-transition probability matrix calculated according to the formulas given above. The  shall be continuously update along the track using the 2D distance. 
Two examples for generated sequences with PrLOS=0.3 and PrLOS =0.01,  and 10 segments per meter are depicted in Figure 5.
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[bookmark: _Ref47648432]Figure 5: LOS/NLOS sequence generated with Markov model, for LOS probabilities= 0.3 (Blue) and 0.01 (Red).

Alternatively, a semi-Markov model can be used. For a semi-Markov model, the state duration can be defined by probability density functions (PDF) directly. A log-normal distribution can be selected for the state duration PDF, for example.
Currently the correlation of the LOS/NLOS for different links is not taken into account. This may be subject of further studies. The related work shall be coordinated with the channel model groups or groups considering multi-TRP scenarios. 

[image: ]
Figure 6: 2-state semi-Markov model


Observation 2: 	Markov models may be an efficient method for modelling the reception state change along a track. 
Proposal 2:	As a first model for the LOS/NLOS sequence generation we propose to derive the parameters for a 2-state Markov model from the parameters used for the LOS/NLOS probability model. 

Proposal for antenna configuration
The following agreement was reached in the RAN1#101eAgreement:
Optional: The following UE antenna configuration can be considered
· 4 UE panels:
· The antenna elements of the same polarization of the same panel are virtualized into one TXRU.
· FFS: Other details


The proposal in [3] provides the antenna configuration for the UE. The proposal describes a layout with 4 small panels, 4 dual polarized antenna elements each. 
Px:
P1
P2
P3
P4

Figure 7: Proposed antenna layout according to [3]

In line with this proposal, we evaluated two configurations: 
1. One antenna element (per polarization) of the panel is used for positioning. 
2. All 4 elements (per polarization) with 3 beams (per polarization) are generated by model virtualization. 

The resulting antenna pattern are depicted in Figure 8 and Figure 9. For positioning a 360° coverage may be required. Rel-16 supports one antenna port per SRS resource only. Furthermore it is not expected that the UE is capable to transmit several SRS resources within one OFDM symbol. The number of beams required depends on the antenna configuration. The trade-off between antenna gain, interference and the number of required SRS resource shall be subject of the performance analysis. 
Observation 3: 	The number of required SRS resources and/or DL-PRS depends on the number of beams supported by the UE and TRP and/or the DL signal scheduling.  
Proposal 3: 	For network and UE efficiency evaluations: define a baseline antenna and beam configuration assumptions which includes the number of TXRUs and the simultaneous Tx/Rx beams for FR1 and FR2.
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[bookmark: _Ref47688835]Figure 8: Configuration “1 beam (per polarization) per panel”
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[bookmark: _Ref47688838]Figure 9: Configuration “3 beams (per polarization)” per panel

Observation 4: 	For narrow beams and moving devices, an update of the spatial filter may be required in case of change of the UE orientation.  
Proposal 4: 	In case of simulation of mobile devices using tracks, the orientation of the UE along the track is updated according the segment direction.  

According to the latest agreement, omni-directional antennas are proposed for FR1. This type of antenna is not sufficient to study the impact of the UE antenna pattern on the procedures for establishing the spatial relationship and interference in case of non-ideal power control. 
Proposal 5: 	Consider realistic antenna patterns for FR1.

Conclusion
In this contribution, we have analyzed the UE mobility and antenna configurations and made the following observations and proposals:
Observation 1: 	For the UE mobility, a “segment” can be defined representing the change of the position of the UE according to the selected scheduling of the related RS transmissions/reception and the positioning approach.
Observation 2: 	Markov models may be an efficient method for modelling the reception state change along a track. 
Observation 3: 	The number of required SRS resources and/or DL-PRS depends on the number of beams supported by the UE and TRP and/or the DL signal scheduling.  
Observation 4: 	For narrow beams and moving devices, an update of the spatial filter may be required in case of change of the UE orientation.  
Proposal 1:	When UE mobility is applied, a “drop” is considered as a “segment” represented by a set of positions. The segment is characterized by:
· Track mode: linear
· Segment starting point: UE dropping procedures applies
· Orientation : random
Proposal 2:	As a first model for the LOS/NLOS sequence generation we propose to derive the parameters for a 2-state Markov model from the parameters used for the LOS/NLOS probability model. 
Proposal 3: 	For network and UE efficiency evaluations: define a baseline antenna and beam configuration assumptions which includes the number of TXRUs and the simultaneous Tx/Rx beams for FR1 and FR2.
Proposal 4: 	In case of simulation of mobile devices using tracks, the orientation of the UE along the track is updated according the segment direction.  
Proposal 5: 	Consider realistic antenna patterns for FR1.
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Appendix 

The technologies and procedures are summarized in Table 1.

[bookmark: _Ref47560789]Table 1: Effects related to track or segment definition
	Scenario / Application 
	Impact to positioning
	Related track/segment  requirements

	UE beam sweeping 
for SSB detection
	For the selection of the spatial relationship, the UE may report the received SSBs. 
The UE may know the SSB periodicity and may perform measurements during the scheduled SSB time slot. Depending on the UE capabilities (UE-TXRU = number of RX spatial filters which can be used in parallel), it may be necessary to perform sequential measurements. 
	The segment positions are selected according to the scheduled SSB transmissions.

	UE beam sweeping for DL-PRS reception
	The number of UE TXRUs for reception of the DL-PRS may be lower than the number of spatial filters required for 360° coverage.
	The segment positions are selected according the DL-PRS scheduling. 

	TRP DL-PRS beam sweeping
	The TRP may activate the DL beams sequentially. 
	The segment positions are selected according the DL-PRS scheduling. Different TRP TX beams are active for a position.

	UL SRS antenna port switching / SRS beam 
Fast switching
	Release 16 allows one spatial filter per OFDM symbol. If different spatial filters for SRS transmissions are required a sequential transmission must be used. “Fast switching” assumes switching of the antenna ports within one slot. For FR2 a guard time between two spatial filter configurations may be required.  
	If only one slot is required for the sequential SRS transmissions, the change of the position may be negligible (or is relevant for high UE speeds only. If more than one slot is required URLLC requirements may not allow to schedule consecutive slots for SRS transmissions for positioning purpose. According to the required number of slots and the related scheduling the positions of the snapshot along a segment can be defined.

	Muting pattern
	A muting pattern may be applied to a semi-persistent or periodic transmission of a RS. 
	Several measurements may be required. Accordingly, a segment with more snapshots can be defined in line with the muting pattern.

	Tracking of moving devices 
	Advance positioning allocation may use several measurements together with Kalman-filter, for example. In this case a longer track shall be used for simulating the positioning performance.
	Define trajectory (track) and place several segments along the track. The channel parameters along a track may change in line with the de-correlation distance of the channel LSP and spatial consistency procedures defined by TR38.901.
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