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1. [bookmark: _Ref40390915][bookmark: _Ref189046994]Introduction
According to the NR positioning enhancement SID [1], RAN1 shall ‘Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT)’.
One of the most important use cases for Rel. 17 positioning is Indoor IIOT. In Rel. 16, a large collection of Indoor Factory (InF) models were developed for IIoT and incorporated into 38.901. In section 2 we investigate these models from positioning perspective and propose a subset of the InF models that could be useful for the Rel. 17 positioning enhancement work.
In the Rel. 16 positioning evaluations, the simulation assumptions on UE antennas and receivers in FR2 were based on early assumptions about NR mm-wave UE design from the time before the specification of the NR standard and before any deployment of NR in FR2. We now have knowledge about actual NR UE designs and in section 3 we propose to modify the simulation assumptions accordingly. Here, we also propose to model UE RX and TX timing errors and in particular the difference in such timing errors between different UE antenna panels.
According to the SID [1] RAN1 shall also evaluate enhancements of general commercial use cases restricted to a limited geographic area. For this use case the UMi and IOO scenarios could be of interest while the UMa scenario could be excluded based on the restriction to a limited area. The UMi and IOO scenarios do, however, lack modelling of NLOS excess delays that are critical to positioning performance. In section 4 we therefore propose to reuse the model for NLOS excess delay developed for InF in 38.901 also for the UMi and IOO scenarios.
In section 5, finally, we discuss the limitations of statistical models and propose that evaluations based on measurements should be encouraged when motivated by the problem at hand.
1. [bookmark: _Ref7792543][bookmark: _Ref7598514]Evaluation scenarios for IIOT
 One of the most interesting use cases for Rel. 17 positioning is IIoT as pointed out in the SID. In Rel. 16, a large collection of Indoor Factory (InF) models were developed for IIoT and incorporated into 38.901. In the InF models, the NLOS excess delay is modelled as a lognormal distribution with parameters given in Table 1. The mean NLOS excess delay of this distribution is 48.3ns corresponding to 14.5m. Clearly, NLoS links will rarely contribute constructively in any of the standard positioning methods[footnoteRef:2] when aiming at positioning accuracy of a few meters or less.   [2:  There exist alternative positioning methods based on e.g. fingerprinting or 3D-modelling of the environment, but such methods need to be studied based on 3D models rather than based on statistical models like InF.] 

[bookmark: _Toc40449006]The mean NLOS excess delay in the InF models is 48.3ns corresponding to 14.5m. NLoS links will thus rarely contribute constructively to meter or submeter accuracy positioning.
[bookmark: _Ref31124148]Table 1 Lognormal parameters for the NLoS excess delay as given in Table 7.6.9-1: Parameters for the absolute time of arrival model, in 38.901.
	Scenarios
	InF-SL, InF-DL
	InF-SH, InF-DH

	
	
	-7.5
	-7.5

	
	
	0.4
	0.4

	Correlation distance in the horizontal plane [m]
	6
	11


A very critical aspect of the InF models is therefore the LoS probability which decrease exponentially  with the 2D-distance between the UE and the TRP as . The rate of the exponential decrease is given by the parameter ksubsce which depends on the typical clutter height, the clutter density, the BS height, the UE height and the clutter height as described in Table 2. There are five Inf models, InF-SL (Sparse clutter, BS and UE below clutter height), InF-DL (Dense clutter, BS and UE below clutter height), InF-SH (sparse clutter, High BS position), InF-DH (dense clutter, high BS position) and InF-HH (UE and BS above clutter). Each of these models allow for a large range of parameter settings. Still, for positioning, the by far most important difference between all these models is captured by the single parameter ksubsce. In Figure 1, the LoS probability is given for a number of different InF-SH and InF-DH models with ksubsce varying between 3.2m and 582.6m. In Figure 2, the corresponding probability distribution for the number of LoS links is given for the ‘Small hall’ deployment. The ‘Small hall’ deployment consists of 18 TRPs in an industrial hall with a rectangular size of 120m x 60m and a roof height of 10m. The TRP positions are given in Figure 3 where the inter TRP distance D is 20m.
[bookmark: _Toc40449007]For positioning, the by far most important character of the different InF models is the LoS probability as captured by the parameter ksubsce.
The most challenging model in Figure 1/Figure 2 with ksubsce=3.2m was used for Inf-DH model calibration purposes. It has so low LoS probability that a UE most likely have no LoS link at all as shown in Figure 2 - bottom right. This model could thus only be useful in developing methods for positioning based on NLoS links. Such methods would, however, typically require realistic 3D-models based on ray tracing rather than statistical models like InF. In addition, real factory halls rarely have a clutter density as high as 0.6. Thus, we propose not to use this model.
[bookmark: _Toc40449008]The InF-DH model with BS height 8m, UE height 1.5m, clutter size 2m, clutter height 6m, clutter density 0.6 and ksubsce=3.2m (previously used for InF-DH model calibration) has a so low LoS probability that a UE most likely have no LoS link at all. In addition, real factory halls rarely have a clutter density as high as 0.6.
[bookmark: _Toc40448988]The InF-DH model with BS height 8m, UE height 1.5m, clutter size 2m, clutter height 6m, clutter density 0.6 and ksubsce=3.2m (previously used for InF-DH model calibration) is NOT adopted as a scenario for performance evaluations in the Rel. 17 positioning study.
The least challenging model with ksubsce=582.6m was used for Inf-SH model calibration purposes. It has so high LoS probability that a UE typically have a LoS link to almost all of the 18 TRPs in the small hall deployment as shown in Figure 2 – upper left. The few NLoS links could easily be handled through simple outlier rejection techniques. This model is thus not suitable for developing methods to handle NLoS excess delay aspects. Still, it could be useful for other purposes and we therefore think it could be a complimentary IIOT model for the Rel. 17 positioning study item.
[bookmark: _Toc40448989]The InF-SH model with BS height 8m, UE height 1.5m, clutter size 10m, clutter height 2m, clutter density 0.2 and ksubsce=582.6m (previously used for InF-SH model calibration) is adopted as a complimentary IIOT scenario for performance evaluations in the Rel. 17 positioning study.
To develop methods to handle NLoS excess delay aspects, we need a model with ksubsce in between 3.2m and 582.6m. A candidate model for such purposes could be the InF-DH model with BS height 8m, UE height 1.5m, clutter size 2m, clutter height 2m and clutter density 0.4 resulting in ksubsce=50.9m. In this model, a UE has on the average 8 LoS links in the small hall deployment as shown in Figure 2 – lower left.
[bookmark: _Toc40448990]The InF-DH model with BS height 8m, UE height 1.5m, clutter size 2m, clutter height 2m, clutter density 0.4 and ksubsce=50.9m is adopted as the main IIOT scenario for performance evaluations in the Rel. 17 positioning study.
In order to span the parameter space of realistic scenarios, we think it could be good to have one model in between the InF-SH model with ksubsce=582.6m and the Inf-DH model with ksubsce=50.9m. Here, we propose the InF-SH model with BS height 8m, UE height 1.5m, clutter size 10m, clutter height 2.6m and clutter density 0.4 resulting in ksubsce=115.7m. In this model, a UE has on the average 12 LoS links in the small hall deployment as can be seen in Figure 2 – upper right.
[bookmark: _Toc40448991]The InF-SH model with BS height 8m, UE height 1.5m, clutter size 10m, clutter height 2.6m,  clutter density 0.4 and ksubsce=115.7m is adopted as a complimentary IIOT scenario for performance evaluations in the Rel. 17 positioning study.
The InF-SL and InF-DL models with BS and UE below the clutter height gives extremely low LoS probability and doesn’t seem like a realistic deployment for positioning purposes. We therefore propose not to use any InF-SL or InF-DL models in the positioning study item.
[bookmark: _Toc40448992]The InF-SL and InF-DL models are NOT adopted as scenarios for performance evaluations in the Rel. 17 positioning study item.
In the InF-HH model, with both BS and UE above clutter, all links are LoS. This could be a good model to use for reference. It could also represent realistic scenarios e.g. for positioning of forklifts on which the UE could be placed at an elevated position.
[bookmark: _Toc40448993]The Inf-HH model is adopted as a complimentary IIOT scenario for performance evaluations in the Rel. 17 positioning study.

[bookmark: _Ref31042113]Table 2 LoS probability for the InF models as given in Table 7.4.2-1 in 38.901.
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[bookmark: _Ref31098057]Figure 1 LoS probability for a number of Inf-SH and Inf-DH models with parameter settings allowed according to 38.901. All models have BS height 8m and UE height 1.5m. The clutter size is 2m for Inf-DH and 10m for Inf-SH as specified in 38.901. Clutter height hc and clutter density r is given in the legend. Note that the LoS probability of the InF models only depend on these parameters through ksubsce (k in the legend ) as described in Figure 1. The LoS probability of the IOO model is shown for reference. 
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[bookmark: _Ref31099622]Figure 2 Probability distribution for the number of LoS links in the ‘Small hall deployment’ for InF models with ksubsce=582.6 (top left), ksubsce=115.7 (top right), ksubsce=50.9 (bottom left) and ksubsce=3.2 (bottom right).
Another aspect of the InF models is the hall dimensions and the number and positions of the TRPs. Here, the evaluation parameters for InF models according to table 7.2-4 in 38.901 allow for a very large flexibility with floor sizes ranging from 20m2 to 160000m2. However, in table 7.8-7: Simulation assumptions for large scale calibration for the indoor factory scenario, in 38.901, two specific deployments are defined. A ‘large hall’ with rectangular size 300m x 150m and a ‘small hall’ with rectangular size 120m x 60m, both with roof height 10m were defined. The TRP positions are given in Figure 3 where the inter TRP distance D is 20m for the small hall and 50m for the large hall. We think that the small hall deployment with inter TRP distance 20m is the most representative and propose this deployment as the main deployment to use for IIOT performance evaluations. The ‘Large hall’ deployment could, however, be useful to study the effect of a larger TRP distance as well as of a larger delay spread. Thus, we propose that the ‘Large hall’ deployments are adopted as a complimentary deployment for IIOT performance evaluations in the Rel. 17 study item. Probability distributions for the number of LoS links in the large hall deployment is given in Figure 4.
[bookmark: _Toc40448994]The ‘small hall’ deployment defined in table 7.8-7 in 38.901 with rectangular size 120m x 60m, room height 10m and 18 TRPs with an inter TRP distance of 20m is adopted as the main deployment for IIOT performance evaluations in the Rel. 17 study item.
[bookmark: _Toc40448995]The ‘large hall’ deployment defined in table 7.8-7 in 38.901 with rectangular size  300m x 150m, room height 10m and 18 TRPs with an inter TRP distance of 50m is adopted as complimentary deployment for IIOT performance evaluations in the Rel. 17 study item.
Combining the two deployments with any of the previously proposed InF models result in eight combinations as given in Table 3. This is a large set of scenarios spanning real life variations. For many purposes we do, however, think that it’s sufficient to use the main scenario and deployment. We think it’s important to agree on one such main scenario and deployment in order to simplify comparisons of results from different companies.
[bookmark: _Ref31122328]Table 3 Proposed IIOT models for the Rel. 17 positioning study item
	IIOT Positioning scenarios
	InF model
	Clutter size
	Clutter density
	Clutter height
	UE height
	BS height
	ksubsce
	Deployment
	Sceanario and deployment priority

	A-small
	Inf-HH
	-
	-
	<1.5m
	1.5m
	8m
	+infinity
	Small hall
	Complimentary

	B-small
	InF-SH
	10m
	0.2
	2m
	1.5m
	8m
	582.6
	Small hall
	Complimentary

	C-small
	InF-SH
	10m
	0.4
	2.6m
	1.5m
	8m
	115.7
	Small hall
	Complimentary

	D-small
	InF-DH
	2m
	0.4
	2m
	1.5m
	8m
	50.9
	Small hall
	Main scenario

	A-large
	Inf-HH
	-
	-
	<1.5m
	1.5m
	8m
	+infinity
	Large hall
	Complimentary

	B-large
	InF-SH
	10m
	0.2
	2m
	1.5m
	8m
	582.6
	Large hall
	Complimentary

	C-large
	InF-SH
	10m
	0.4
	2.6m
	1.5m
	8m
	115.7
	Large hall
	Complimentary

	D-large
	InF-DH
	2m
	0.4
	2m
	1.5m
	8m
	50.9
	Large hall
	Complimentary


 
[image: ]
[bookmark: _Ref31113980]Figure 3 TRP locations for the large and small InF halls as given by table 7.8-7: Simulation assumptions for large scale calibration for the indoor factory scenario, in 38.901
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[bookmark: _Ref31200033]Figure 4 Probability distribution for the number of LoS links in the ‘Large hall deployment’ for InF models with ksubsce=582.6 (top left), ksubsce=115.7 (top right), ksubsce=50.9 (bottom left) and ksubsce=3.2 (bottom right).
Finally, in order to simplify the discussions regarding the InF model we would like to make a few observations. The Inf models include a number of sub-models as well as a large range of free parameters. All these parameters and sub-model choices do, however, impact simulations only in three ways that are easily understood:
1. The parameters for clutter density, clutter height, clutter size, UE height and BS height impact LOS probability but only through the parameter ksubsce as defined in 38.901:
[image: ]
2. The UE height, the BS height, the size of the hall and the position of the UEs have an obvious impact on the geometry.
3. The choice between Inf submodels impacts the NLOS pathloss as shown in the figure below. The effect of this on positioning is very limited since NLOS links anyway are useless for submeter positioning since the average NLOS excess delay is 48ns corresponding to 14.5m. The LOS pathloss is the same for all models. Note also that the NLOS pathloss difference between the models relevant for positioning (Inf-SH and Inf-DH) is very small.

There are no other impacts on the simulations than the above three. The conclusion from this is that we should select models with representative values of ksubsce and with realistic geometries (UE height, BS height, size of the hall and position of the UEs). All other considerations are illusory since they don’t have any impact on the evaluations we will do.
1. Realistic UE antenna and antenna panel modelling in FR2
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.

An FR2 UE may in practice support 3 or 4 panels.  In each panel, we can assume there is a 1x4 array with two polarizations, and the antenna elements of the same polarization of the same panel is virtualized into one TXRU (i.e., 2 TXRUs per panel).  That is, in each panel, we have (M, N, P) = (1, 4, 2).  A 0.5λ antenna element separation can be assumed.  In 3GPP TR38.802, the notations (Mg, Ng) (dg,H, dg,V)  are used to define multiple panels at the UE.  Given that centimeter level accuracy requirements are expected in Rel-17 NR positioning (e.g., < 0.2 m accuracy), it is important to model the panel positions at the UE.  One simple approach is to position the UE panels at different sides of the UE as shown in Figure 5.  Hence, we propose the following UE panel positions, where Pi represents the panel position and orientation of the ith UE panel:
P1: Θ0=90°; Ω0=270°, x0=0m, y0=0m, z0=0.08m
P2: Θ1= Θ0-90°; Ω1=Ω0, x1= x0, y1=y0+0.03m, z1= z0+0.08m
P3: Θ2= Θ0; Ω2=Ω0+180°, x2= x0, y2=y0+0.06m, z2= z0
P4: Θ3= Θ0+90°; Ω3=Ω0, x3= x0, y3=y0+0.03m, z1= z0-0.08m

[bookmark: _Toc40448996]For UE evaluation assumptions in FR2, adopt 3 or 4 UE panels with each panel consisting of arrays with (M, N, P) = (1, 4, 2) and 0.5λ antenna element separation. 
[bookmark: _Toc40448997]Model UE panel positions as follows where Pi represents the panel position and orientation of the ith UE panel. P1: Θ0=90°, Ω0=270°, x0=0m, y0=0m, z0=0.08m; P2: Θ1= Θ0-90°, Ω1=Ω0, x1= x0, y1=y0+0.03m, z1= z0+0.08m; P3: Θ2= Θ0, Ω2=Ω0+180°, x2= x0, y2=y0+0.06m, z2= z0; P4: Θ3= Θ0+90°; Ω3=Ω0, x3= x0, y3=y0+0.03m, z1= z0-0.08m.

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: _Toc40448998]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. 

As discussed in [4], when multiple antenna panels are used at a UE in FR2, the available transmit power may be different on different antenna panels as the UE may need to comply with MPE requirements.  For instance, a UE may need to apply a power back off in one of the panels to meet these requirements.  These power reductions may have impact on the accuracy of positioning estimates, and hence power reduction due to MPE needs to be modelled in the evaluations.  We propose a model where a maximum transmit power reduction of 10 dB is applied for a blocked panel that is randomly chosen.

[bookmark: _Toc40448999]To model power reduction due to MPE issue, a maximum transmit power reduction of 10 dB is applied for a blocked panel that is randomly chosen. 

Furthermore, in case the UE is a handheld, to model hand blockage a 10 dB additional loss can be applied to a randomly chosen panel.

[bookmark: _Toc40449000]To model blockage, a loss of 10 dB is applied for a blocked panel in case the UE is a handheld device. 

The use of multiple antenna panels in FR2 creates a new problem for positioning. The RX/TX chains corresponding to the different antenna panels may have different delays primarily due to differences in filter group delays. The size of such delay differences could depend strongly on UE building practices. One may also note that the part of such delay differences that don’t vary with time could in principle be measured and the UEs could be calibrated to take such delay differences into account. This may, however, not always be economically feasible and time varying delay differences would not be captured. Generally, one may therefore assume that some RX/TX timing errors and RX/TX timing error differences between different UE antenna panels remain even after calibration of the UE. As long as the same antenna panel is used for both the reference TRP and the target TRP the RX timing errors cancel out in the UE RSTD measurement. Similarly, if the same antenna panel is used for the SRS transmission towards all TRPs, the TX timing errors cancel out for UL TDOA positioning. However, in FR2, different UE antenna panels are used towards different TRPs and thus positioning accuracy is impacted. We therefore propose to model UE RX/TX timing errors per antenna panel k in FR2 as stochastic variables /. The stochastic variables would have zero mean and the distribution could be selected e.g. as normal distributions truncated at 3. Evaluations should be performed both without timing errors ( and for  and  of the order of a few nanoseconds, exact values TBD.
[bookmark: _Toc40449001]In FR2 the UE RX/TX timing error for antenna panel k is modelled as zero mean stochastic variables kRX/kTX with normal distributions truncated at 3. Evaluations should be performed both without timing errors (RX=TX=0) and for RX and TX of the order of a few nanoseconds, exact values TBD.

 mmWaves has the benefit of allowing for larger bandwidths both in terms of what the NR-standard supports (400MHz in FR2 compared to 100MHz in FR1) and in terms of commercially available spectrum. For positioning a larger bandwidth gives improved TOA accuracy and thus promises significantly improved positioning accuracy. This improvement may, however, be limited by UE RX/TX timing error differences between different UE antenna panels. It’s therefore very important to model these timing differences in order to understand the limitations they give and if possible, also to mitigate the problem.

[bookmark: _Toc40449009]mmWaves has the benefit of allowing for larger bandwidths both in terms of what the NR-standard supports (400MHz in FR2 compared to 100MHz in FR1) and in terms of commercially available spectrum. For positioning a larger bandwidth gives improved TOA accuracy and thus promises significantly improved positioning accuracy. This improvement may, however, be limited by UE RX/TX timing error differences between different UE antenna panels. It’s therefore very important to model these timing differences in order to understand the limitations they give and if possible, also to mitigate the problem.
1. IOO/UMi/Uma evaluation scenarios in Rel. 17
According to the SID [1] RAN1 shall also evaluate enhancements of general commercial use cases restricted to a limited geographic area. For this use case the UMi and IOO scenarios could be of interest while the UMa scenario could be excluded based on the restriction to a limited area. 
[bookmark: _Toc40449002]Include UMi and IOO as Rel. 17 evaluation scenarios for evaluations of commercial use cases restricted to a limited geographic area.
[bookmark: _Toc40449003]Don’t include UMa as a Rel. 17 positioning enhancement evaluation scenario.
A problem however is that the NLoS excess delay, which is critical to high accuracy positioning performance, hasn’t been defined for IOO/UMi/UMa 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: _Toc40449004]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.
The modified UE antenna and antenna panel configurations proposed in section 3 should of course apply also to the IOO/UMi/UMA evaluation scenarios.
1. 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: _Toc40449005]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	The mean NLOS excess delay in the InF models is 48.3ns corresponding to 14.5m. NLoS links will thus rarely contribute constructively to meter or submeter accuracy positioning.
Observation 2	For positioning, the by far most important character of the different InF models is the LoS probability as captured by the parameter ksubsce.
Observation 3	The InF-DH model with BS height 8m, UE height 1.5m, clutter size 2m, clutter height 6m, clutter density 0.6 and ksubsce=3.2m (previously used for InF-DH model calibration) has a so low LoS probability that a UE most likely have no LoS link at all. In addition, real factory halls rarely have a clutter density as high as 0.6.
Observation 4	mmWaves has the benefit of allowing for larger bandwidths both in terms of what the NR-standard supports (400MHz in FR2 compared to 100MHz in FR1) and in terms of commercially available spectrum. For positioning a larger bandwidth gives improved TOA accuracy and thus promises significantly improved positioning accuracy. This improvement may, however, be limited by UE RX/TX timing error differences between different UE antenna panels. It’s therefore very important to model these timing differences in order to understand the limitations they give and if possible, also to mitigate the problem.


Based on the discussion in the previous sections we propose the following:
Proposal 1	The InF-DH model with BS height 8m, UE height 1.5m, clutter size 2m, clutter height 6m, clutter density 0.6 and ksubsce=3.2m (previously used for InF-DH model calibration) is NOT adopted as a scenario for performance evaluations in the Rel. 17 positioning study.
Proposal 2	The InF-SH model with BS height 8m, UE height 1.5m, clutter size 10m, clutter height 2m, clutter density 0.2 and ksubsce=582.6m (previously used for InF-SH model calibration) is adopted as a complimentary IIOT scenario for performance evaluations in the Rel. 17 positioning study.
Proposal 3	The InF-DH model with BS height 8m, UE height 1.5m, clutter size 2m, clutter height 2m, clutter density 0.4 and ksubsce=50.9m is adopted as the main IIOT scenario for performance evaluations in the Rel. 17 positioning study.
Proposal 4	The InF-SH model with BS height 8m, UE height 1.5m, clutter size 10m, clutter height 2.6m,  clutter density 0.4 and ksubsce=115.7m is adopted as a complimentary IIOT scenario for performance evaluations in the Rel. 17 positioning study.
Proposal 5	The InF-SL and InF-DL models are NOT adopted as scenarios for performance evaluations in the Rel. 17 positioning study item.
Proposal 6	The Inf-HH model is adopted as a complimentary IIOT scenario for performance evaluations in the Rel. 17 positioning study.
Proposal 7	The ‘small hall’ deployment defined in table 7.8-7 in 38.901 with rectangular size 120m x 60m, room height 10m and 18 TRPs with an inter TRP distance of 20m is adopted as the main deployment for IIOT performance evaluations in the Rel. 17 study item.
Proposal 8	The ‘large hall’ deployment defined in table 7.8-7 in 38.901 with rectangular size  300m x 150m, room height 10m and 18 TRPs with an inter TRP distance of 50m is adopted as complimentary deployment for IIOT performance evaluations in the Rel. 17 study item.
Proposal 9	For UE evaluation assumptions in FR2, adopt 3 or 4 UE panels with each panel consisting of arrays with (M, N, P) = (1, 4, 2) and 0.5λ antenna element separation.
Proposal 10	Model UE panel positions as follows where Pi represents the panel position and orientation of the ith UE panel. P1: Θ0=90°, Ω0=270°, x0=0m, y0=0m, z0=0.08m; P2: Θ1= Θ0-90°, Ω1=Ω0, x1= x0, y1=y0+0.03m, z1= z0+0.08m; P3: Θ2= Θ0, Ω2=Ω0+180°, x2= x0, y2=y0+0.06m, z2= z0; P4: Θ3= Θ0+90°; Ω3=Ω0, x3= x0, y3=y0+0.03m, z1= z0-0.08m.
Proposal 11	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 12	To model power reduction due to MPE issue, a maximum transmit power reduction of 10 dB is applied for a blocked panel that is randomly chosen.
Proposal 13	To model blockage, a loss of 10 dB is applied for a blocked panel in case the UE is a handheld device.
Proposal 14	In FR2 the UE RX/TX timing error for antenna panel k is modelled as zero mean stochastic variables kRX/kTX with normal distributions truncated at 3. Evaluations should be performed both without timing errors (RX=TX=0) and for RX and TX of the order of a few nanoseconds, exact values TBD.
Proposal 15	Include UMi and IOO as Rel. 17 evaluation scenarios for evaluations of commercial use cases restricted to a limited geographic area.
Proposal 16	Don’t include UMa as a Rel. 17 positioning enhancement evaluation scenario.
Proposal 17	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 18	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.
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