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Introduction
RAN1#101-e [1] has made significant progress on the evaluation methodology for positioning enhancement.
In this contribution, we provide our view on resolving the remaining FFSs for simulations.
	Agreement:
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  

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



In addition, we provide our evaluation methodology for analyzing/simulating physical layer latency, power consumption, and network efficiency.
We also propose a new adaptation of the channel model to better utilize the multi-path reflection.

Discussion
UE/gNB Rx/Tx calibration error
Evaluate the UE/gNB Rx/Tx calibration error, we assume that the calibration at Rx/Tx and at UE/gNB are independent truncated Gaussian variables, as presented in Figure 1.
Denote
 as the Tx calibration error of TRP  with 
 as the Rx calibration error of TRP  with 
 as the Tx calibration error of UE with 
 as the Rx calibration error of UE with 
 as the clock offset between gNB and UE, which is common across all gNBs (gNB ideal synchronization)
 as the propagation delay between TRP  and UE
We have DL TOA and UL TOA between TRP  and UE as



[image: ]
[bookmark: _Ref46328639]Figure 1 Illustration of overall DL TOA and UL TOA

The DL TOA and UL TOA will be added in the simulation in the form of delay, which results in the time delay of the Tx signal at Rx.
For DL-TDOA positioning, the value of RSTD free of additional TOA estimation error between TRP  and TRP  is
With the error 
For UL-TDOA positioning, the true value of RTOA difference free of additional TOA estimation error between TRP  and TRP  is
With the error 
For Multi-RTT positioning, the value for RTT free of additional TOA estimation error for TRP  is
With the error 
Proposal 1: Adopt the following modeling of the impact on DL TOA and UL TOA from gNB/UE Rx and Tx calibration error


Observation 1: With the modeling, DL-TDOA, UL-TDOA, and Multi-RTT have common structure of realistic systematic TOA error
DL RSTD for DL-TDOA: 
UL RTOA difference for UL-TDOA: 
RTT for Multi-RTT: 

UE mobility
For simplicity, for the purpose of evaluating UE mobility, we suggest to take the following 2 trajectories, among which Trajectory 1 is close to the wall outside the typical positioning service area, while trajectory 2 is within the typical positioning service area.
The channel is generated in different UE locations considering LSP correlation within each trajectory, assuming the UE location is pre-calculated at every 160ms with the speed of 3km/h.
Motion sensor at the UE will provide the speed estimate of 0.1km/h std error with ideal bearing angle estimate.
Joint localization across positioning occasion will be provided as the baseline algorithm, along with the Extended Kalman Filter algorithm.
[image: ]Trajectory 2
Trajectory 1

Figure 2 Trajectory of the UE motion

Physical layer latency
For the purpose of evaluating physical layer latency, one way to move forward is to represent physical layer latency using the following equation:

where
·  is the periodicity of the respective DL or UL RS
·  is the number of combined occasions of the respective DL or UL RS to derive the measurements. If the RS is not used,  is set to 0.
Occasion combining can be used for coherent combining to boost the SINR, non-coherent combining to improve diversity, or Rx beam sweeping in case that the repetition number cannot support full Rx beam sweeping.
Proposal 2: Consider to adopt the following simplified physical layer latency representation

We suggest setting  as the baseline which shows the accuracy performance with the earliest report. Sources could provide evaluations for other values of  as well.

Power consumption
For simplicity, we suggest to carry out the simulation based on the following 2 calibration cases of TR 38.840 [3], as they have been calibrated.
No C-DRX configured for FTP model 3 with 0.1 Mbytes packet size of mean interval time of 200 msec
C-DRX cycle 160msec for FTP model 3 with 0.1 Mbytes packet size of mean interval time of 200 msec
· 8 msec on-duration timer
· 100 msec inactivity timer
Assumptions for PRS RRM
The power model of PRS RRM measurement is assumed as follows (based SSB/CSI-RS RRM [3]) with only “intra-frequency” PRS measurement inside the measurement gap where
1. PRS periodicity is 160 msec.
1. PRS occasion length is 6 msec.
1. Measurement gap length is 6 msec
1. Measurement gap repetition period is 160 msec.
The justification of selecting SSB/CSI-RS RRM power is that we assume SSB search in the assumption takes massive sequence detection operation that fills in the power gap between wideband PRS and narrowband SSB.
Table 1 Power assumption for PRS RRM
	N: Number of TRPs for intra-frequency measurement & search
	Synchronous case

	
	FR1
	FR2

	N=8
	200
	320



For CDRX, two PRS transmission assumption are evaluated with CDRX configuration as in Table 2 and also shown in Figure 3. It is assumed that PRS should be received even in DRX-Inactive time.
[bookmark: _Ref46840745]Table 2 PRS transmission configuration
	
	PRS in on-duration
	PRS outside on-duration

	DRX
	DRX period
	160ms

	
	On-duration length
	8ms (0 slot offset)

	
	Inactivity Timer
	100ms

	PRS/Gap
	PRS periodicity
Gap repetition period
	160ms
	160m

	
	PRS occasion length
Gap length
	6ms
	6ms

	
	PRS offset
Gap offset
	2ms
	100ms



[image: ]
[bookmark: _Ref47344935]Figure 3 PRS reception with CDRX configuration
The assistance data, measurement request, and measurement report procedure are included in the FTP model by assuming PDCCH+PDSCH power regardless of whether the actually channel is PDSCH or PUSCH to convey the LPP message.
In summary, the following 3 cases are evaluated for PRS RRM.
1. No CDRX
1. CDRX with PRS always in on-duration
1. CDRX with PRS always outside on-duration
Assumptions for SRS
For SRS, the transmission time of SRS is always in S slot, where both PDCCH-only or PDCCH+PDSCH processing is possible. Transmission of SRS in the S slot does not impact the assumed PDSCH payload in that slot, if any. No additional assumption on U slot is taken. 
The SRS transmission power is assumed as 23dBm.
For CDRX, the SRS is always configured in the CDRX on-duration, as Rel-15 specifies that UE shall drop SRS transmission in DRX-Inactive time.
In summary, the following 2 cases can be evaluated for SRS.
1. No CDRX
1. CDRX with SRS always in on-duration
Proposal 3: Adopt the following parameter for PRS RRM power evaluation
	N: Number of TRPs for intra-frequency measurement & search
	Synchronous case

	
	FR1
	FR2

	N=8
	200
	320


Proposal 4: Adopt the calibration configuration with FTP traffic model for positioning based on PRS and SRS.
Both configuration with no CDRX and configuration with CDRX as agreed in the calibration configuration are evaluated.
For configuration with CDRX, PRS may or may be received in on-duration and SRS should always be configured in on-duration.

Network efficiency
To quantize the network efficiency, we assume that it should be the resource utilization associated with DL PRS and/or SRS used for positioning. For example, the efficiency can be calculated by the ratio of radio resources occupied by PRS and SRS that used for calculation of UE position over the total amount radio resources transmitted.
Proposal 5: Consider to adopt the resource utilization of PRS and SRS as the metric for network efficiency.

Reduced gNB antenna scale
In real InF deployment, it is unlikely that the TRP will be equipped with 4x4x2 antenna system mainly because of cost reduction. A typical antenna array would be 2x2 UPA without polarization or 4x1 without polarization. The reduced antenna scale will have direct impact on the spatial resolution, which will more or less indirectly impact the temporal resolution if multiple paths that are close to each in time are received from/transmitted to different spatial directions.
Proposal 6: Consider to adopt additional (M,N,P,Mg,Ng) = (1,4,1,1,1) antenna configuration for gNB.

Ground reflection and wall reflection
Ground reflection will cause a reflecting path that is difficult to be separated from the main LOS path due very close temporal delay and very close angle of arrival at least at gNB side to the main LOS path. The explicit ground reflection is also a feature introduced in the channel model [2]. The existence of ground reflection will degrade the positioning accuracy. 
In addition, explicit wall reflection can also be considered with similar but modified structure compared to the ground reflection in the channel model [2]. The procedures of explicit wall reflection is shown in the Appendix.
By simulating explicit ground reflection and wall reflection, we will be facing the real difficulty and challenges for indoor positioning, which provide the opportunity for more advanced positioning solutions.
Proposal 7: Consider evaluating positioning with explicit ground reflection and wall reflection.

Conclusion
In this contribution, we have the following proposals.
Observation 1: With the modeling, DL-TDOA, UL-TDOA, and Multi-RTT have common structure of realistic systematic TOA error
DL RSTD for DL-TDOA: 
UL RTOA difference for UL-TDOA: 
RTT for Multi-RTT: 
Proposal 1: Adopt the following modeling of the impact on DL TOA and UL TOA from gNB/UE Rx and Tx calibration error


Proposal 2: Consider to adopt the following simplified physical layer latency representation

Proposal 3: Adopt the following parameter for PRS RRM power evaluation
	N: Number of TRPs for intra-frequency measurement & search
	Synchronous case

	
	FR1
	FR2

	N=8
	200
	320


Proposal 4: Adopt the calibration configuration with FTP traffic model for positioning based on PRS and SRS.
Both configuration with no CDRX and configuration with CDRX as agreed in the calibration configuration are evaluated.
For configuration with CDRX, PRS may or may be received in on-duration and SRS should always be configured in on-duration.
Proposal 5: Consider to adopt the resource utilization of PRS and SRS as the metric for network efficiency.
Proposal 6: Consider to adopt additional (M,N,P,Mg,Ng) = (1,4,1,1,1) antenna configuration for gNB.
Proposal 7: Consider evaluating positioning with explicit ground reflection and wall reflection.
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Appendix
[bookmark: _Toc493104220][bookmark: _Toc20320123][bookmark: _Toc20340142]7.6.x	Explicit wall reflection model
In case the wall reflection shall be modelled explicitly, the procedure defined in 7.6.8 should be modified assuming the wall is “the ground” in the rotated local coordinate system given by the following coordinate transform matrix . The exemplary LCS setup is shown in Figure 4 and Figure 5.
	[bookmark: OLE_LINK1]Orientation of the Wall (perpendicular to the ground)
	R:  where  is the Cartesian representation in GCS, and  is that in LCS
	Comments (equivalent LCS transform using bearing , downtilt , and slant )

	 
	
	


	 (South wall facing north)
	
	

	 (East wall facing west)
	
	

	 (North wall facing south)
	
	

	 (West wall facing east)
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[bookmark: _Ref30090722]Figure 4 Illustration of LCS rotation to treat wall as “ground” to reuse ground reflection ()
[image: ]
[bookmark: _Ref30090727]Figure 5 Illustration of LCS rotation to treat wall as “ground” to reuse ground reflection ()
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