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1 [bookmark: _Ref40390915][bookmark: _Ref189046994]Introduction
During RAN1#101, initial agreements were made regarding the evaluation scenarios, including modeling, parametering, and targets for performance. In this contribution, we provide our view on the remaining issues.
 

2 [bookmark: _Ref7792543][bookmark: _Ref7598514]Remaining issues on requirements and targets
2.1 Target positioning requirements
The following was agreed in RAN1#101e:


	Agreement:
· 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




For all use cases, it should be noted that the accuracy target is for the system as a whole and not restricted to RAT-dependent solution.  Therefore, we propose to add a note to quantify the accuracy requirements.

For all use cases, we support defining the target accuracy for the 90th percentile, which we also had during release 16. 

[bookmark: _Toc47734435]Accuracy for commercial and IIOT use cases is defined for 90 percent of UEs
For commercial use cases, our view is that the scenarios should focus on mostly outdoor UMi, since indoor will most likely be fulfilled by InF scenarios. For UMi, it is difficult to motivate  use cases with a requirement on vertical accuracy. Therefore, we support not specifying a vertical positioning accuracy for commercial use cases. 

[bookmark: _Toc47734436]Do not specify a target for vertical accuracy for commercial use cases

For IIOT, vertical accuracy can be important for some use cases, but not all. Therefore, we propose to specify different targets corresponding to different cases. Since some use case do not depend on vertical accuracy, we propose to make the vertical accuracy optional. For horizontal accuracy, we support targeting 0.2m. 

[bookmark: _Toc47734437]In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
[bookmark: _Toc47734438]- Horizontal position accuracy (< X m) for [90%] of UEs
[bookmark: _Toc47734439]- X = 0.2  m
[bookmark: _Toc47734440]- (Optional) Vertical position accuracy (< Y m) for [90%] of UEs
[bookmark: _Toc47734441]- Y = 0.2 or 1 m

Regarding the end-to-end latency for position estimation of the UE, we support aiming at multiple latency budgets, since different use cases can be either more or less demanding in terms of latency requirements. At the very least, the target should include the target of 100ms described in the Rel-17 positioning study item description. Methods for mitigating the  physical layer portion of the overall latency budget, which is impacted by RAN1 specification, should be discussed within RAN1, while latency reduction in higher layers should be left to other working groups. . 

[bookmark: _Toc47734442]Target latency should include at least 100ms end to end, for both IIOT and commercial use cases 
[bookmark: _Toc47734465]Reducing the Physical layer portion of the total latency budget should be investigated by RAN1.
2.2 Efficiency metric:
The following was agreed in RAN1#101e:

	Agreement:
Network efficiency and UE efficiency can be evaluated at least in an analytical manner.
· FFS: the definition of efficiency metric (e.g., the positioning performance (accuracy, latency) vs. PRS/SRS resource utilization etc.)
· Note: It will be up to each company on whether to use other methods (e.g., numerical simulation) for the evaluation.




Network efficiency is challenging to define as it is a relative measure, to be compared in the context of the obtained performance. In order to gauge the efficiency of a methods, it is proposed to request results to be deliver along with the amount of resource used to obain the results. This could be in the form of the total amount of resources used in computation of the results (i.e. number of PRS/SRS resources and sets, repetitions,and periodicity). Another alternative would be to directly provide the percentage UL or DL transmission spent on positioning signals. 
[bookmark: _Toc47734443]Network efficiency can be evaluated by complementing simulation results with the number of resources needed to obtain the results. Alternatively, the percentage of UL/DL transmission dedicated to positioning could be provided. 

3 Remaining Issues for scenarios and evaluation assumptions
3.1 UE antenna configuration
The following was agreed in RAN#101:

	
	
	FR1 Specific Values
	FR2 Specific Values 

	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 





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






In the Rel. 16 positioning evaluations, the simulation assumptions were based on early assumptions about NR UE design from the time before the specification of the NR standard and before any deployment of NR. We now have knowledge about actual NR UE designs and we should modify the simulation assumptions accordingly.  Figure 5 shows the UE antenna layout for FR2 we propose to be included as part of evaluation assumptions for the Rel-17 NR positioning study item.
Px:
P1
P2
P3
P4

[bookmark: _Ref40357083]Figure 5: Antenna layout for FR2. Four panels on opposite sides, each panel has 1x4x2 elements.

During RAN1#101-e, it was agreed to support the option of having 4-panels UE, with details to be discussed further. At the same time, the rel17 work on further enhancements on MIMO (feMIMO) for NR has been discussing offline a similar modelling assumption for 3-panel UEs, with details being discuss in parallel to the positioning SI.  In the feMIMO evaluation assumptions, the 3 panels are placed at the left, right, and back of the UE.  Along the same lines, for the positioning SI we an assume that the 4 panels are placed at the left, right, top, and bottom of the UE.
Instead of proposing completely different assumptions from those used in feMIMO, it is proposed to align the assumption as much as possible, regarding multi-panel UE configurations.

[bookmark: _Toc47734444]Following evaluation assumptions being discussed in NR Rel-17 feMIMO WI, the 4-panels of the UE in the UE antenna configuration for FR2 can be assumed to be placed at the left, right, top, and bollom of the UE.

Furthermore, in the feMIMO evaluation assumptions, each panel is assumed to have a structure of (M, N, P) = (1, 4, 2) with a horizontal antenna spacing of dH = 0.5 λ .  Hence, these assumptions can be reused in the Rel-17 positioning SI.

[bookmark: _Toc47734445]Following evaluation assumptions being discussed in NR Rel-17 feMIMO WI, each panel for UE antenna configuration for FR2 can be assumed to have (M, N, P) = (1, 4, 2) with a horizontal antenna spacing of dH = 0.5 λ.


For antenna element pattern, the model in Table 6.1.1-2 of 3GPP TR 38.855 can be reused.
Furthermore, it can be assumed that the UE can receive or transmit at most from one panel at a time.  This corresponds to the case where the UE has two baseband transmit chains and two receive baseband chains, and the UE can switch the Tx/Rx baseband chains between the panels independently.  Furthermore, it can be assumed that panel activation delay is 0ms.

[bookmark: _Toc47734446]For UE evaluation assumptions in FR2, it is assumed that the UE can receive or transmit at most from one panel at a time with a panel activation delay of 0ms. 
3.2 UE and gNB Rx-Tx error
In RAN1#101, the following was agreed:

	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  




Since the typical values for X and Y are very much dependent on gNB deployment, UE capabilities, etc, we propose to leave X and Y up to companies and to be provided when submitting results. 

[bookmark: _Toc47734447] The values for X and Y characterizing the UE /gNB Rx and Tx timing error are provided by companies when submitting results. 
3.3 Absolute TOA
From RAN1#101:
	Agreement:
· 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




The absolute time of arrival model for UMi, UMa and IOO scenarios can reuse the same model and parameters as the InF model specified in 38.901.   IOO has similar dimensions as a factory hall and it could therefore be reasonable to reuse the same NLoS excess delay parameters as in the InF model as given in Table 1. For the UMa model, channel measurement results indicate that the mean NLoS excess delay is roughly the same as in the inF model. The UMi model would be expected to have NLoS excess delays that are intermediate between the InF models and the UMa model. We therefore propose to reuse the same NLoS excess delay parameters as in the InF models also for UMi.
[bookmark: _Toc47734448]Use the same lognormal parameters for the NLoS excess delay in IOO, UMi and UMa as the ones defined for the InF model in 38.901, i.e. log10(NLOS excess delay/1s) is normally distributed with mean mu=-7.5 and standard deviation sigma=0.4. 
4 Channel measurement based evaluations
The statistical channel models utilized for performance evaluations in 3GPP obviously don’t give fully realistic channel properties. In delicate matters such as e.g. the development of discrimination between LoS and NLoS links this could be problematic. For such purposes , the use of channel measurements can be a good complement to the statistical models normally utilized.
[bookmark: _Toc47734449]The usage of channel measurement based evaluations as a complement to evaluations based on statistical channel models is encouraged e.g. for development of discrimination between LoS and NLoS.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Reducing the Physical layer portion of the total latency budget should be investigated by RAN1.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Accuracy for commercial and IIOT use cases is defined for 90 percent of UEs
Proposal 2	Do not specify a target for vertical accuracy for commercial use cases
Proposal 3	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
- (Optional) Vertical position accuracy (< Y m) for [90%] of UEs
- Y = 0.2 or 1 m
Proposal 4	Target latency should include at least 100ms end to end, for both IIOT and commercial use cases
Proposal 5	Network efficiency can be evaluated by complementing simulation results with the number of resources needed to obtain the results. Alternatively, the percentage of UL/DL transmission dedicated to positioning could be provided.
Proposal 6	Following evaluation assumptions being discussed in NR Rel-17 feMIMO WI, the 4-panels of the UE in the UE antenna configuration for FR2 can be assumed to be placed at the left, right, top, and bollom of the UE.
Proposal 7	Following evaluation assumptions being discussed in NR Rel-17 feMIMO WI, each panel for UE antenna configuration for FR2 can be assumed to have (M, N, P) = (1, 4, 2) with a horizontal antenna spacing of dH = 0.5 λ.
Proposal 8	For UE evaluation assumptions in FR2, it is assumed that the UE can receive or transmit at most from one panel at a time with a panel activation delay of 0ms.
Proposal 9	The values for X and Y characterizing the UE /gNB Rx and Tx timing error are provided by companies when submitting results.
Proposal 10	Use the same lognormal parameters for the NLoS excess delay in IOO, UMi and UMa as the ones defined for the InF model in 38.901, i.e. log10(NLOS excess delay/1s) is normally distributed with mean mu=-7.5 and standard deviation sigma=0.4.
Proposal 11	The usage of channel measurement based evaluations as a complement to evaluations based on statistical channel models is encouraged e.g. for development of discrimination between LoS and NLoS.
 

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]RP-193237, “New SID on NR Positioning Enhancements”, Qualcomm Incorporated, Sitges, Spain, December 2019
Propagation channel impact on LTE positioning accuracy: A study based on real measurements of observed time difference of arrival, Jonas Medbo et al, PIMRC 2009.
[bookmark: _Ref40357625]R4-1903962, “On the P-MPR needed for compliance with MPE requirements and relation to FR2 UL duty cycle”, Ericsson, Sony RAN4#90bis, April 2019.


	4/4	
