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1 Introduction
In RAN1 #101-e [1], several agreements were reached with regards to the evaluation scenarios for positioning. In this paper, we provide our views with regards to the remaining points that needed further study in this Agenda as shown in the agreements below:
	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:
· UE power consumption for NR positioning can be optionally evaluated in the SI.
· Note: It is up to each company on how to evaluate the power consumption for positioning. The UE power consumption models developed in TR38.840 can be considered as the starting point for defining the UE power consumption model for the evaluation for NR positioning

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

Agreement:
Optional: The following UE antenna configuration can be considered
· 4 UE panels:
· The antenna elements of the same polarization of the same panel is virtualized into one TXRU
· FFS: Other details



2 Tx/Rx Timing Errors Modelling
With regards to realistic timing error modelling, the following agreement was made in previous meeting: 
	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  



In order to describe our views with regards to this FFS item, we use the following picture as a reference for the 4 timing errors that can exist due to group delays unknown factors involved in the Baseband (BB) to  Antenna paths in both a base station and a UE.
[image: ]
We make the following observations:
· The Rx Timing Error at the UE would be the same across different PRS resources, as long as these PRS resources are close in time domain, since it is expected that any Rx Timing error would not drift during a small periodic of time. However, if the PRS resources are far away, such assumption may not hold
· Similarly, the Tx timing Error at the UE would be the same for SRS resources that are close in time, otherwise, due to the time drift, differences in the timing transmissions are expected for different SRS resources. 
Based on the above discussion, and for the simplicity of the evaluations, we propose to apply the timing errors at the UE and the gNB in the following way: 
Proposal 1: Apply the timing errors as follows: 
· For each UE drop, 
· For each panel (in case of multiple panels)
· Draw a random sample for the Tx error according to [-2*Y,2*Y] and another random sample for the Rx error according to the same [-2*Y,2*Y] distribution. 
· For each gNB 
· For each panel (in case of multiple panels)
· Draw a random sample for the Tx error according to [-2*X,2*X] and another random sample for the Rx error according to the same [-2*X,2*X] distribution. 
· Note: The above modelling does not take into account that the Tx/Rx errors are time-varying. Further analysis would be needed for such aspects to be evaluated if needed. 

Based on such a modelling, and considering for simplicity the scenario of a single panel at the UE and the gNB, we expect the timing errors to affect each of the following timing methods separately: 

	Method
	gNB Synch error
	Tx error gNB
	Rx error gNB
	Tx error UE
	Rx error UE

	DL-TDOA
	Yes
	Yes
	N/A
	N/A
	No

	UL-TDOA
	Yes
	N/A
	Yes
	No
	N/A

	RTT
	No
	Yes
	Yes
	Yes
	Yes

	Differential RTT
	No
	Yes
	Yes
	No
	No


3 Discussion on Power consumption Modelling
Power consumption modelling was studied extensively in TR 38.840 [6]. At the previous meeting RAN1#101-e, it was agreed that this TR could serve as a baseline for detailed modelling of power consumption for positioning. When engaging in such modelling, the end goal must be to evaluate potential savings in power consumption from proposed enhancements targeted towards power savings. Examples of such enhancements could be (a) Relaxation of PRS processing or SRS-for-positioning transmission when DRX is configured, or (b) Positioning in RRC Idle/Inactive states, allowing power savings from avoiding the need to switch into and out of RRC Connected state. It should be noted that a first order analysis of such power savings may be possible even without detailed modelling as in TR 38.840. For example, the gains from the skipping of PRS processing due to DRX could be quantified based on the fraction of PRS whose processing was skipped. Gains from RRC Inactive positioning may be quantified based on the number of transmissions and receptions needed when carrying the signalling over RACH messages vs when transitioning in and out of RRC connected mode. The modelling in TR 38.840 could then be used as the next level of detail, to quantify the savings in milliwatts rather than just as a fraction/ratio as in the above ‘first-order’ method. It may be noted that this could easily involve and necessitate extensive further discussion on extending the TR 38.840 model for the purpose of positioning. For example, TR 38.840 has not considered in detail, how the total power consumed for CSI-RS or SRS changes as a function of the number of OFDM symbols in the CSI-RS or SRS resource. This could become important for positioning where several OFDM symbols are required for PRS or SRS.
Proposal 2: Consider a first-order study independent of TR 38.840, for evaluation of power savings from enhancements targeted at reducing power consumption for positioning. For example:
· Analyze power-savings from relaxing PRS/SRS processing when DRX is configured based on the fraction of PRS/SRS that are skipped
· Analyze power-savings from new RRC idle/inactive positioning modes based on the number of additional transmissions and receptions needed in RRC connected Positioning to achieve the same performance as that of RRC Idle/Inactive Positioning.
4 Mobility Modelling

Simulations performed thus far assume and use the UE velocity only for the purpose of evolving the short-term fading coefficients based on Doppler. The UE location is assumed to be fixed throughout the simulation. It is of interest to model actual mobility of UEs within the cell layout, based on the following agreement from the last RAN1 meeting:

	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



A complete modeling of mobility would involve evolving the fading as well as the large-scale parameters such as pathloss, cluster delays etc based on the mobility. It would also involve spatial consistency modeling, i.e., 2 UEs located close to each other (or the same UE located at two different positions close to each other at two different times) should experience correlated values of large scale parameters. To simplify the simulation complexity of both temporal and spatial evolution of multiple link parameters (for each link from the UE to each of the base stations), a simpler approach more in line with simulations conducted thus far would be to model the mobility by dropping multiple UEs along the intended drive-route on which the positioning performance is to be investigated. The velocities of each of these UEs can be chosen based on the intended speed and direction along the drive route, consistent with the dynamics of the use-case application. Spatial consistency can be modeled by accounting for the correlation distances for the large-scale fading parameters. The temporal evolution of the channel based on the motion of the UE is not modeled in this framework, so the link simulation proceeds in the same manner as in the previous simulations done so far in the InF, InH, UMi and UMa scenarios in Rel16 and Rel17. However, the impact of the spatial correlation of link parameters at different points along the drive route will be modeled, by changing the initialization procedure of how the UEs are dropped into the layout and how their large-scale channel parameters (such as those described in Table 7.5-6 of TR 38.901) are selected.

It may be noted that TR38.901 has multiple parameters for which spatial correlation distance is defined. These are listed below, with details on how they could be modeled
a) Correlation distances for the 7 parameters (DS, ASD, ASA, SF, K, ZSA, ZSD) in Table 7.5-6 of TR38.901: Note that TR38.901 is not explicit about whether these correlation distances should be considered in all simulations or only in simulations where spatial consistency is modeled. However, as the procedure to account for correlation distances (involving the 2D random process) is only described in the context of spatial consistency (Sec7.6.3.1 of TR38.901), it is reasonable to assume that they only apply when spatial consistency is modeled. Thus, they were not considered in NR positioning simulations thus far, and now need to be considered when spatial consistency is being modeled. Also note that these variables themselves are correlated with each other, and are thus realized by drawing other IID variables and subjecting them to a correlation matrix, as described in Step 4 of TR38.901. Thus, spatial consistency can be ensured by using a spatially consistent generation of these IID variables before subjecting them to the correlation matrix. 
b) Cluster and ray specific random variables, LOS/NLOS state, and for scenarios where mixed indoor/outdoor UEs are modeled (only applicable to UMi/UMa/RMa), the indoor/outdoor state – in Table 7.6.3.1-2 of TR38.901. These can be modeled using the 2D random process as described in Sec7.6.3.1 of TR38.901
c) Correlation distance for  parameter introduced for absolute time of arrival modeling, in Table 7.6.9-1 of TR38.901. As with the 7 parameters in item (a) above, here too it is reasonable to assume this correlation distance is taken into account only when spatial consistency is being considered. And as with item (b) above, this can also be accounted for in the same manner using the 2D random process modeling as in Sec7.6.3.1 of TR38.901.
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[bookmark: _Ref40029439]Figure 4‑1: Proposed drive-route for spatially consistent mobility simulation
Proposal 3. Consider mobility as additional scenario for evaluation. A simple route or path trajectory is defined in the layout along with a mobility model defining the velocities and accelerations consistent with the dynamics of the use-case applications:
· The  line segment from coordinate (D,D) to coordinate (5D,D) with velocity of 3km/hr, as illustrated in Figure 4-1).  
· Spatial consistency procedure in [2] shall also be enabled in the mobility simulation (as described in further detail in this contribution). 
5 Conclusions
We make the following Proposals:
Proposal 1: Apply the timing errors as follows: 
· For each UE drop, 
· For each panel (in case of multiple panels)
· Draw a random sample for the Tx error according to [-2*Y,2*Y] and another random sample for the Rx error according to the same [-2*Y,2*Y] distribution. 
· For each gNB 
· For each panel (in case of multiple panels)
· Draw a random sample for the Tx error according to [-2*X,2*X] and another random sample for the Rx error according to the same [-2*X,2*X] distribution. 
· Note: The above modelling does not take into account that the Tx/Rx errors are time-varying. Further analysis would be needed for such aspects to be evaluated if needed. 


Proposal 2: Consider a first-order study independent of TR 38.840, for evaluation of power savings from enhancements targeted at reducing power consumption for positioning. For example:
· Analyze power-savings from relaxing PRS/SRS processing when DRX is configured based on the fraction of PRS/SRS that are skipped
· Analyze power-savings from new RRC idle/inactive positioning modes based on the number of additional transmissions and receptions needed in RRC connected Positioning to achieve the same performance as that of RRC Idle/Inactive Positioning.

Proposal 3. Consider mobility as additional scenario for evaluation. A simple route or path trajectory is defined in the layout along with a mobility model defining the velocities and accelerations consistent with the dynamics of the use-case applications:
· The  line segment from coordinate (D,D) to coordinate (5D,D) with velocity of 3km/hr, as illustrated in Figure 4-1).  
· Spatial consistency procedure in [2] shall also be enabled in the mobility simulation (as described in further detail in this contribution). 
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