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Introduction
[bookmark: _Hlk510705081]In Rel-16 native NR positioning support was standardized. At RAN#86 a new SI was approved on enhancements in Rel-17 to positioning [1]. This contribution discusses our initial views on the additional scenarios for evaluation. Our companion contributions discuss our views on evaluations and potential enhancements in [2], [3]. At RAN1#101-e the following agreements were reached:
Agreement:
· InF-SH and InF-DH models in TR 38.901 are adopted as the baseline scenarios for defining the channel models, parameters and modelling techniques for performance evaluations in the Rel. 17 positioning enhancements at least for IIoT use cases
· Note: Modifications to parameters in the InF-DH models will be discussed separately.
· Note: Target performance and performance gap identification will be discussed separately. 
· Note: Individual companies may consider additional InF models in TR 38.901 as complementary evaluation scenarios in their simulation investigation and the evaluation results can be considered to be captured in the TR 38.857.
· Note: Target positioning requirements may not necessarily be reached for all scenarios.
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
Discussion
Good progress was made on the scenarios at RAN1#101-e and in this contribution we focus on the small remaining details.
Absolute time arrival models for UMi, UMa, and IOO 
While the absolute time of arrival is an important component to model it may be difficult to directly apply the model to the other scenarios such as UMa or UMi. The model for IIoT was developed for that scenario specifically. The IIoT scenario is also the scenario where modelling the absolute time of arrival is the most important as that scenario has the most stringent requirements. 
The time budget for the SI is also quite short so it seems very difficult for RAN1 to define new absolute ToA models for multiple scenarios. RAN1 should focus on the most critical issues and defining a new absolute ToA model for an optional scenario (agreed to have no baseline for commercial use cases) should not be a priority. 
Normal NLOS channel       :  

Absolute time NLOS channel  :  

The parameter  is generated from a lognormal distribution with parameters according to Table 7.6.9-1.  is generated independently for links between the same UT and different BS sites. We propose that the excess delay  in NLOS can be ignored for UMi, UMa, and IOO for simplified models, since the RAN1 time budget is quite short to define the new lognormal distributions for the additional studies.
Proposal 1: Approximate absolute time of arrival models for UMi, UMa, and IOO scenarios are applicable however, some parameters of the absolute time of arrival models are left to individual companies.   
· One way is to add an additional delay with absolute LOS delay  to LOS and NLOS fast fading channels to (7.5-27) and (7.5-30) respectively in TR38.901.
The excess delay  in NLOS can be ignored for UMi, UMa, and IOO for the simplified models or brought by individual companies (i.e., no agreed values).

UE antenna panel
Two other FFS points on simulation assumptions were left over from RAN1#101-e. Firstly, regarding the UE antenna configurations, there was a proposal to consider 4 UE panels with (M, N, P) = (1, 4, 2), that seems to achieve better performance of centimeter level accuracy requirements (e.g., < 0.2 m accuracy). 
	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




The proposal includes more specific UE antenna panel installation around a UE device, so the specific panel locations are meaningful to improve the positioning performances. However, positioning measurements are measured selectively by some of the 4 UE panels depending on UE implementations, there remain open questions on UE behaviors and their measurements in each panel. So far, RAN1 assumes a single positioning measurement and report per UE, not per antenna panel. Therefore, it would need more discussions on how to handle the measurement and report per antenna panel. Unless RAN1 agrees to study multiple panel positioning measurements and reports in the study scope, we prefer not define additional details for the optional UE antenna configuration of 4 UE panels.
Proposal 2: Do not define additional details for the optional UE antenna configuration of 4 UE panels.
UE mobility model
Another FFS point is UE mobility consideration for optional simulation assumptions. In the TR38.901 channel models, spatially consistent UE mobility modelling is supported for mobility simulations. However, in positioning measurement point of view, the mobility is basically covered by time-filtering over discrete static positioning measurements, and each measurement accuracy under static channels leads to mobile positioning measurements. Therefore, there seems to be little value is defining the specific performance specifically on mobility if it is about very simple trajectory movements. Individual companies can already include those details in their simulations and provide the details in their contributions. 
How the positioning accuracy of the UE will be reported on the CDF for the mobility model is not straightforward, as well as the mobility models relation to the requirements. For example, if a UE which moves in a straight line over 100 positioning measurements is able to achieve 10 cm accuracy by the 100th measurement time does that UE meet a requirement of 10 cm accuracy? If that same UE has a 10 m error on the 1st measurement time, how is this measurement error is taken into account over mobility? Mobility error may make things more complicated, and needs more discussion. While it can be valuable to show the performance for some models, it may be difficult for RAN1 to converge on an acceptable model and related requirements in a short time window. 
	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



Proposal 3: Do not define the details of the optional mobility model.   
Timing error models

We share a similar view that TX/RX timing error consideration helps performance studies in practice. Especially, multiple antenna panels in FR2 make RX/TX chains switching operations corresponding to the different antenna panels, it may cause different delays due to differences in filter group delays.

	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  




We can consider two types of timing error. One is a constant timing error from antenna panel switching, another is timing jitter. Firstly, the timing jitter can be removed out by averaging or low pass filter, we can assume it is removed at system level simulations. Regarding the constant timing error per a TX/RX panel, as long as the same antenna panel is used for both gNB and UE, then we can assume it is known by a separate reports, and timing error can be compensated out from RSTD measurement. Similarly, if the same antenna panel is used for the SRS transmission towards all gNBs, the TX timing error be compensated for TDoA. However, if different antenna panels are used in FR2, things may become complex. We tend to agree that timing error can be a matter to ToA measurement especially with multi panel cases. Also, this has impact on high accuracy positioning performance as much as the timing error is given, the impacts to performance seems straightforward and obvious. For example, if TX/RX timing error is given as  from a random source, the positioning error can be induced without simulations. 

Observation 1: We agree that timing error can be a matter to ToA measurement especially with multi antenna panel cases. However, a detailed simulation of how this error impacts Tx/Rx measurements may require detailed study of the problem to accurately model it. The overall impact on the performance can be quantified without detailed simulations.   
Observation 2: RAN4 has also been discussing this issue and may better understand the appropriate modeling. 

RAN1 should consider waiting for RAN4 progress in Rel-16 on this issue or at least consult RAN4 on any detailed agreements reached in Rel-17 on this topic. 

Physical layer latency 
Physical layer latency remains FFS from the last meeting. Typically, physical layer latency is caused from measurement averaging, and the averaging is possible in both UE and gNB/LMF nodes.

As baseline, physical layer latency can be defined as PRS transmission period and transmission occasions (i.e.  , ) for one UE’s measurement report to satisfy the accuracy requirement. Another useful averaging is possible in LMF side. LMF (or gNB) also can try average over multiple UE measurement report occasions. (i.e.  , ). It is also possible and interesting latency to improve accuracy. Since we don’t see yet RAN1 definition of “physical layer latency”, RAN1 may define latency study scopes, and Interested companies can study the latency performance with practical configurations and impairments. See [3] for some discussion on latency as well. 

Proposal 4: RAN1 may define the latency study scope, and interested companies can study the latency performance
· As a baseline, the latency of PRS transmission period and transmission occasions (i.e.  , ) for one UE’s measurement report to achieve the accuracy requirement can be used. 
· Latency of LMF averaging can be considered to achieve the accuracy requirement over multiple UE measurement report occasions. (i.e.  , ).
· The time for UE to report the measurements can be considered as well. 

The accuracy versus the measurement/reporting latency will be a main scope of the IIoT performance study scenario. We note that furthermore latency scopes including scheduling and configuration delay also exist, and they would be possible latency bottlenecks. The total latency will be caused including the high layer latency, so RAN1 can work on the further latency scopes in the positioning enhancement studies out of the IIoT scenario.

Network efficiency and UE efficiency

	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.




If considering network efficiency over positioning resources, accuracy improvement over total PRS resources such as comb-N, pattern repetition and transmission periodicity etc can be a metric. This network efficiency can be studied in a different aspect from the latency study above. RAN1 may define relative performance improvement metric (i.e accuracy improvement under given PRS/SRS resource delta) for network efficiency.

For UE efficiency, one way for UE-based positioning methods may make the same efficiency calculation like accuracy improvement over total PRS resources. However, in general, the UE efficiency is more importantly considered with UE power consumption, more information is expected to from UE venders. 

Proposal 5: Interested companies can study positioning performance accuracy over resource allocation/configuration (e.g., comb size, number of symbols, etc) and PRS transmission occasions as PRS/SRS resource utilization. 
[bookmark: _GoBack]Conclusion
In this contribution we make the following proposals and observations:
Proposal 1: Approximate absolute time of arrival models for UMi, UMa, and IOO scenarios are applicable however, some parameters of the absolute time of arrival models are left to individual companies.   
· One way is to add an additional delay with absolute LOS delay  to LOS and NLOS fast fading channels to (7.5-27) and (7.5-30) respectively in TR38.901.
The excess delay  in NLOS can be ignored for UMi, UMa, and IOO for the simplified models or brought by individual companies (i.e., no agreed values).

Proposal 2: Do not define additional details for the optional UE antenna configuration of 4 UE panels.
Proposal 3: Do not define the details of the optional mobility model.   
Observation 1: We agree that timing error can be a matter to ToA measurement especially with multi antenna panel cases. However, a detailed simulation of how this error impacts Tx/Rx measurements may require detailed study of the problem to accurately model it. The overall impact on the performance can be quantified without detailed simulations.   
Observation 2: RAN4 has also been discussing this issue and may better understand the appropriate modeling. 

Proposal 4: RAN1 may define the latency study scope, and interested companies can study the latency performance
· As a baseline, the latency of PRS transmission period and transmission occasions (i.e.  , ) for one UE’s measurement report to achieve the accuracy requirement can be used. 
· Latency of LMF averaging can be considered to achieve the accuracy requirement over multiple UE measurement report occasions. (i.e.  , ).
· The time for UE to report the measurements can be considered as well. 

Proposal 5: Interested companies can study positioning performance accuracy over resource allocation/configuration (e.g., comb size, number of symbols, etc) and PRS transmission occasions as PRS/SRS resource utilization. 
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