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In RAN4#100-e following agreements were made in the GTW session with regards to DL PRS processing sample reduction in order to facilitate possible latency reduction which were captured in the way forward [1]:
GTW agreement 24.08.21:
· Low latency enhancement
· It is RAN4 understanding that the reduction of the number of DL PRS processing samples is possible under certain conditions
· In some cases, the reduction of the number of DL PRS processing samples is feasible under assumption of relaxation of the Rel-16 NR positioning accuracy requirements for the existing side conditions (e.g. SINR, PRS configurations, channel models, etc.)
· In some cases, the reduction of the number of DL PRS processing samples is feasible under assumption of keeping Rel-16 NR positioning accuracy requirements and for the case of using different side conditions (e.g. SINR, PRS configurations, channel models, etc.)
· For Rel-17, low latency NR Positioning requirements definition the goal is to meet the existing Rel-16 NR positioning accuracy requirements
· FFS whether to consider limited relaxations of requirements for specific scenarios
· Further study the impact of reducing number of processing samples
· Number of processing PRS samples: 1, 2, 3, 4 (reference/R16 assumption)
· PRS BW: FFS
· SNR conditions:
· Option 1: Rel-16 side condition
· Option 2: Higher SNR side conditions than in Rel-16
· Channel models:
· Option 1: Rel-16 channel models
· Option 2: LOS channel models (e.g. TDL-D, TDL-E)
Note: other parameters and options are not precluded
These agreements were made when discussing the incoming LS from RAN1 asking for clarification on reduction of DL PRS processing samples to 1≤M<4.
This contribution discusses the possible way forward on the issue and proposes a selection of abovementioned FFS items.
Discussion
As discussed previously, RAN4 has come to an agreement that reducing the amount of DL PRS processing samples to M<4 is possible under certain conditions. As up to now defined in Rel-16 38.133, the UE performs measurements with M=4 samples, whereas the goal for Rel-17 positioning enhancement is to reduce that number to possibly facilitate latency reduction.
However, the feasibility of an approach to reduce the DL PRS processing samples to some smaller figure, i.e. 1≤M<4 needs to be addressed; as can be seen in last meetings agreements, that such feasibility can be found either when keeping existing positioning measurement accuracy performance requirements and updating underlying side conditions or environmental settings, or using Rel-16 side conditions and therefore allow relaxation of said performance requirements.
While defining Rel-16 positioning performance requirements, system level simulations and link level simulations were carried out to identify suitable channel models, Ês/Iot levels, side conditions and the number of samples and repetitions to reach meaningful and useful positioning performance for PRS configurations differing in PRB size and channel bandwith. In this process it was clearly identified that for given side conditions, M=4 was the right approach to facilitate a useful positioning performance, while M<4 was found to generate poor positioning performance with given side conditions.
1. In Rel-16 positioning, M=4 was selected for DL PRS to ensure useful positioning performance, since M<4 led to poor positioning performance

Therefore, a suitable approach to identify the feasibility of reduction of DL PRS processing samples to 1≤M<4 rather should be to reach Rel-16 positioning performance requirements while finding side conditions to allow for such sample reduction.
The reduction of the number of DL PRS processing samples is feasible under the assumption of keeping Rel-16 NR positioning accuracy requirements and for the case of using different side conditions

Finding such enabling environments, one can identify firstly that a key side condition is the Ês/Iot threshold value which is mainly impacted by coverage and interference assumptions. While performing system level simulations for Rel-16 positioning, generally LOS channels and/or confined area models with relatively small ISD and high LOS probability have shown high Ês/Iot threshold values when comparing to NLOS channels / macro site applications with higher ISD. Furthermore, compared to outdoor scenarios, indoor applications generally tend to show much more reliable coverage quality and high SNR.
1. In Rel-16 positioning system study, applications with small ISD and high LOS probability, e.g. indoor environments showed higher Ês/Iot threshold values

Therefore, it is proposed to identify some higher Ês/Iot side condition(s) based on analysis of such enabling environments such as InF-SH/IOO, since those have shown useful positioning performance while only evaluating measurements based on one measured instance [Figure 1].
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[bookmark: _Ref85534756][bookmark: _Ref85534749]Figure 1 Evaluation results for 1-symbol DL PRS compared to Rel. 16 DL PRS

Identify higher Ês/Iot side condition(s) based on analysis of InF-SH/IOO environments

Furthermore, in Rel-16 work it was identified that low bandwidth PRS configurations can show limited positioning performance. Since a lessening of DL PRS processing samples would likely further degrade the positioning performance in most situations, one can discuss limiting the reduction of PRS processing samples to be applicable for some portion of configurable DL PRS, where the number of allocated PRBs is higher than a certain threshold, where poor positioning performance is to be expected. 
1. Low bandwidth PRS configurations show limited positioning performance in Rel-16 positioning even for M=4, therefore Rel-17 M-sample measurement with M<4 samples might not be feasible for all PRS bandwidth, depending on change of side conditions

This must furthermore be checked and aligned when defining requirements based on a new Ês/Iot threshold value as a side condition. To not preclude any PRS configuration to be excluded, all the possible PRS configurations need to be included for simulation analysis when changing side conditions.
Limiting applicable DL PRS configurations to some high PRB bandwidth for M<4 processing samples in order to guarantee meaningful positioning performance is FFS and needs to be checked after deriving the new higher Ês/Iot side condition - no DL PRS PRB configuration precluded at the moment

One further aspect is whether the reduction of M=4 samples to 1≤M<4 samples, should encompass M=1, M=2, M=3, all of the mentioned or a subset, based on expected resulting positioning performance when adapting new side conditions. Clearly, in terms of latency reduction, one can assume that M=1 might show the most benefit, therefore the goal should be to enable the feasibility of M=1, with a given compromise of not having too limiting side conditions for applicability purposes.
RAN4 to enable processing sample reduction to M=1, applicability per configuration is FFS

As previously discussed, the channel models IOO and InF-SH show great potential of accommodating a reduction of DL PRS processing samples due to small ISD and high LOS probability. Following their definition in [2], it is proposed to trigger a system level study to find the resulting Ês/Iot thresholds for such channel models and then further identify PRS configuration of bandwidth and the feasibility of M=1 for identified Ês/Iot thresholds in a following link level simulation.
RAN4 to discuss and agree on system simulation assumptions on IOO and InF-SH in order to derive new and higher Ês/Iot side condition to facilitate DL PRS processing sample reduction to M<4
Conclusion
In this contribution following observations and proposals were made:
1. In Rel-16 positioning, M=4 was selected for DL PRS to ensure useful positioning performance, since M<4 led to poor positioning performance
1. The reduction of the number of DL PRS processing samples is feasible under the assumption of keeping Rel-16 NR positioning accuracy requirements and for the case of using different side conditions
1. In Rel-16 positioning system study, applications with small ISD and high LOS probability, e.g. indoor environments showed higher Ês/Iot threshold values
Identify higher Ês/Iot side condition(s) based on analysis of InF-SH/IOO environments
1. Low bandwidth PRS configurations show limited positioning performance in Rel-16 positioning even for M=4, therefore Rel-17 M-sample measurement with M<4 samples might not be feasible for all PRS bandwidth, depending on change of side conditions
Limiting applicable DL PRS configurations to some high PRB bandwidth for M<4 processing samples in order to guarantee meaningful positioning performance is FFS and needs to be checked after deriving the new higher Ês/Iot side condition - no DL PRS PRB configuration precluded at the moment
RAN4 to enable processing sample reduction to M=1, applicability per configuration is FFS
RAN4 to discuss and agree on system simulation assumptions on IOO and InF-SH in order to derive new and higher Ês/Iot side condition to facilitate DL PRS processing sample reduction to M<4
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Indoor-office
Details on indoor-office scenarios are listed in Table 7.2-2 and presented in Figure 7.2-1. More details, if necessary, can be added to Figure 7.2-1. 
Table 7.2-2: Evaluation parameters for indoor-office scenarios
	Parameters
	Indoor - office 
open office
	Indoor - office 
mixed office

	Layout
	Room size (WxLxH)
	120mx50mx3m

	
	ISD
	20m

	
BS antenna height 
	3 m (ceiling)

	UT location
	LOS/NLOS
	LOS and NLOS


	
	
Height 
	1 m

	UT mobility (horizontal plane only)
	3 km/h

	Min. BS - UT distance (2D)
	0

	UT distribution (horizontal)
	Uniform


Note:	The only difference between the open office and mixed office models in this TR is the line of sight probability.
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Figure 7.2-1: Layout of indoor office scenarios.

Indoor Factory (InF)
The indoor factory (InF) scenario focuses on factory halls of varying sizes and with varying levels of density of "clutter", e.g. machinery, assembly lines, storage shelves, etc. Details of the InF scenario are listed in Table 7.2-4.



Table 7.2-4: Evaluation parameters for InF
	
	InF

	Parameters
	InF-SL 
(sparse clutter, low BS)
	InF-DL
(dense clutter, low BS)
	InF-SH
(sparse clutter, high BS)
	InF-DH
(dense clutter, high BS)
	InF-HH
(high Tx, high Rx)

	Layout
	Room size
	Rectangular: 20-160000 m2 
 

	
	Ceiling height
	5-25 m
	5-15 m
	5-25 m
	5-15 m
	5-25 m

	
	Effective clutter height 
	< Ceiling height, 0-10 m

	
	External wall and ceiling type
	Concrete or metal walls and ceiling with metal-coated windows

	Clutter type
	Big machineries composed of regular metallic surfaces. 
For example: several mixed production areas with open spaces and storage/commissioning areas
	Small to medium metallic machinery and objects with irregular structure. 
For example: assembly and production lines surrounded by mixed small-sized machineries.
	Big machineries composed of regular metallic surfaces. 
For example: several mixed production areas with open spaces and storage/commissioning areas
	Small to medium metallic machinery and objects with irregular structure. 
For example: assembly and production lines surrounded by mixed small-sized machineries.
	Any

	Typical clutter size, 
	10 m
	2 m
	10 m
	2 m
	Any

	Clutter density  (percentage of surface area occupied by clutter)
	Low clutter density
(<40%)
	High clutter density
(≥40%)
	Low clutter density
(<40%)
	High clutter density
(≥40%)
	Any

	BS antenna height [image: cid:image001.png@01D4B35D.C4D8CCE0]
	Clutter-embedded, i.e. the BS antenna height is below the average clutter height
	Above clutter
	Above clutter

	UT location
	LOS/NLOS
	LOS and NLOS
	100% LOS

	
	Height [image: cid:image003.png@01D4B35D.C4D8CCE0]
	Clutter-embedded
	Above clutter

	


	Figure 7.4.1-2: Definition of d2D-out, d2D-in 
and d3D-out, d3D-in for indoor UTs. 
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InF  LOS  𝑃𝐿 𝐿𝑂𝑆 = 31 . 84 + 21 . 50 log 10 ሺ 𝑑 3 𝐷 ሻ + 19 . 00 log 10 ሺ 𝑓 𝑐 ሻ  𝜎 𝑆𝐹 = 4 . 3  1 ≤ 𝑑 3 𝐷 ≤ 600   𝑚  

NLOS  InF - SL:   𝑃𝐿 = 33 + 25 . 5 log 10 ሺ 𝑑 3 𝐷 ሻ + 20 log 10 ሺ 𝑓 𝑐 ሻ   𝑃𝐿 𝑁𝐿𝑂𝑆 = max ⁡ ( 𝑃𝐿 , 𝑃𝐿 𝐿𝑂𝑆 )  𝜎 𝑆𝐹 = 5 . 7  

InF - DL:   𝑃𝐿 = 18 . 6 + 35 . 7 log 10 ሺ 𝑑 3 𝐷 ሻ + 20 log 10 ሺ 𝑓 𝑐 ሻ   𝑃𝐿 𝑁𝐿𝑂𝑆 = max ⁡ ( 𝑃𝐿 , 𝑃𝐿 𝐿𝑂𝑆 , 𝑃𝐿 𝐼𝑛𝐹 − 𝑆𝐿 )  𝜎 𝑆𝐹 = 7 . 2  

InF - SH:  𝑃𝐿 = 32 . 4 + 23 . 0 log 10 ሺ 𝑑 3 𝐷 ሻ + 20 log 10 ሺ 𝑓 𝑐 ሻ   𝑃𝐿 𝑁𝐿𝑂𝑆 = max ⁡ ( 𝑃𝐿 , 𝑃𝐿 𝐿𝑂𝑆 )  𝜎 𝑆𝐹 = 5 . 9  

InF - DH:  𝑃𝐿 = 33 . 63 + 21 . 9 log 10 ሺ 𝑑 3 𝐷 ሻ + 20 log 10 ሺ 𝑓 𝑐 ሻ   𝑃𝐿 𝑁𝐿𝑂𝑆 = max ⁡ ( 𝑃𝐿 , 𝑃𝐿 𝐿𝑂𝑆 )  𝜎 𝑆𝐹 = 4 . 0  

Note 1:   Breakpoint distance  d ' BP   = 4  h ' BS   h ' UT   f c / c , where  f c   is the centre frequency in Hz,  c   = 3.0  10 8   m/s is the  propagation velocity in free space, and  h ' BS   and  h ' UT   are the effective antenna heights at the BS and the UT,  respectively. The effective antenna heights  h ' BS   and  h ' UT   are computed as follows:  h ' BS   =  h BS   –   h E ,  h ' UT   =  h UT   –   h E ,  where  h BS   and  h UT   are the actual antenna heights, and  h E   is the effective environment height. For UMi  h E  = 1.0m.  For UMa  h E =1m with a probability equal to 1/(1+C( d 2D ,  h UT )) and chosen from a discrete uniform distribution  uniform(12,15,…,( h UT - 1.5)) otherwise. With  C ( d 2D ,  h UT ) given by    

 

 











 



















m 23 m 13 ,

10

13

m 13 , 0

,

UT 2D

5 . 1

UT

UT

UT 2D

h d g

h

h

h d C

,     where    

 











































2D

2D

3

2D

2D

2D

m 18 ,

150

exp

100 4

5

m 18 , 0

d

d d

d

d g

.       Note that  h E   depends on  d 2D   and  h UT   and thus needs to be independently determined for every link between BS  sites and UTs. A BS site may be a single BS or multiple co - located BSs .   Note 2:   The applicable frequency range of the PL formula in this table is 0.5 <  f c   <  f H   GHz, where  f H   = 30 GHz  for RMa  and  f H   = 100 GHz for all the other scenarios. It is noted that RMa pathloss model for >7 GHz is validated based  on a single measurement campaign conducted at 24 GHz.   Note 3:   UMa NLOS pathloss is from TR36.873 with simplified format and PL UMa - LOS   =  Pathloss of UMa LOS outdoor  scenario.   Note 4:   PL UMi - LOS   = Pathloss of UMi - Street Canyon LOS outdoor scenario.   Note 5:   Break point distance  d BP   = 2 π   h BS   h UT   f c / c , where  f c   is the centre frequency in Hz,  c   = 3.0     10 8   m/s is the  propagation velocity in free space, and  h BS   and  h UT   are the antenna heights at the BS and the UT, respectively.   Note 6:   f c   denotes the center frequency   normalized by 1GHz , all distance related values are normalized by 1m, unless it  is stated ot herwise.  

 


