[bookmark: _Toc511118030][bookmark: _Toc519398092]3GPP TSG-SA WG1 Meeting #92e	S1-204322
Online, 09 November – 18 November 2020	(revision of S1-204096)

[bookmark: OLE_LINK1]Title:	 FS_Ranging KPI analysis on Smart Transportation Metro/Bus Validation
Agenda Item:	7.10.1
Source:	Xiaomi
Contact:	Xiaowei Jiang (jiangxiaowei@xiaomi.com) 

1. Background 
In last SA1 meeting, the numbers in the KPI table of Transportation Metro/Bus Validation were marked in square bracket due to concerns on the value. In this contribution, we try to analyze and justify these values, and suggest to remove the square brackets.
 2. Discussion 
The KPIs for Transportation Metro/Bus Validation is defined in Table 5.8.6-1 in 22.855, as cited below:
Table 5.8.6-1 – KPIs for smart transportation metro/bus validation
	Ranging distance
(meters)
	Ranging distance accuracy
(cm)
	Latency
(ms)
	Availability
(%)
	
Relative UE velocity
(km/h)

	[0.1] - [2]
	< [10]
	< [50]
	[99]
	< [3]

	[2] - [10]
	< [10]
	< [50]
	[95]
	< [5]



Distance accuracy:
A typical distance based metro entrance access is shown in figure below. There is one Ranging module for each aisle. The Ranging module can only perform Ranging with devices falling within the angle of view α, which is to avoid for performing Ranging with devices at backside. The threshold distance for triggering access to an aisle should be no more than 0.3+0.55=0.85m for normal size entrance and 0.5+0.9=1.4 for larger size entrance to avoid mistakenly triggering aisle access by UE at another aisle. A safer distance threshold would be 0.6m with 0.1m distance accuracy for normal size entrance and 1m with 0.2m distance accuracy for larger size entrance. Then, effective Ranging distance 2m would be enough. 


Availability:
99% availability will ensure a user friendly experience for smart home control.
Relative UE velocity:
The typical UE velocity is 3km/h.
Service Latency & Ranging Interval:
For 3km/h user movement, 50ms will result in 4cm distance change. Thus, 50ms service latency and ranging interval is able to ensure the distance change is well tracked. 
Effective ranging distance:
Considering the 0.6m distance threshold for access, effective Ranging distance 2m would be enough. 
In case of crowded entrance, there could be over 20 UEs within the 2 meter radius of the entrance, so the Ranging module on the entrance would need to perform Ranging with more than 20 UEs simultaneously. Considering that there are 5 entrances in a row, the number of UEs within the 2 meter radius of these  entrances(the size of the area would be 0.8*5*2=8m2) would be 100.
3. Proposal
Proposal：Analysis is added to the description part. Potential new requirements and KPI table are updated based on the analysis and the square brackets are removed. 
**************** First Change ******************
[bookmark: _Toc49931660]5.8	Smart Transportation Metro/Bus Validation
[bookmark: _Toc49931661]5.8.1	Description
Nowadays, heavy passenger flow shock the current public transportation system. However, passengers have to actively touch the billing device using public transportation card, which is so slow at rush time that it is easy to meet congestion. This problem can be effectively solved through the hands free metro/bus validation. It determines whether the user gets on or off the bus according to the relative positioning resultdistance, and then provides the information about getting on or off the bus/metro to a billing node. The billing node automatically deducts the corresponding fee from the user's account.
At rush time, crowd get close to an entrance simultaneously, and the Ranging module inside the entrance performs positioning Ranging process with lots of smart phones (e.g. 20 smart phones) at the same time. Since entrance machines are always built in a row closely, one smart phone may perform Ranging procedures with 2 or more entrances simultaneously while it appears within their effective ranging distances (e.g. ranging distance < 210m). Then, the smart phone shall begin data interaction with higher Ranging availability to its toward entrance once the two UEs fairly near (e.g. ranging distance < 2m) to each other.  In this way, smart phones can distinguish which entrance is the nearest one to enter without redundant data interactions to other entrances. A typical distance based metro entrance access is shown in figure below. There is one Ranging module for each aisle. The Ranging module can only perform Ranging with devices falling within the angle of view α, which is to avoid for performing Ranging with devices at backside. The threshold distance for triggering access to an aisle should be no more than 0.3+0.55=0.85m for normal size entrance and 0.5+0.9=1.4 for larger size entrance to avoid mistakenly triggering aisle access by UE at another aisle. A safer distance threshold would be 0.6m with 0.1m distance accuracy for normal size entrance and 1m with 0.2m distance accuracy for larger size entrance. Then, effective Ranging distance 2m would be enough.


Figure 5.8.1-1 Illustration of distance based metro entrance access
Typically, UE will move at 3km/h speed, it will result in 4cm distance change in 50ms. Thus, 50ms service latency and Ranging interval is able to ensure the distance change is well tracked.
In case of crowded entrance, there could be over 20 UEs within the 2 meter radius of the entrance, so the Ranging module on the entrance would need to perform Ranging with more than 20 UEs simultaneously. Considering that there are 5 entrances in a row, the number of UEs within the 2 meter radius of these  entrances(the size of the area would be 0.8*5*2=8m2) would be 100.
 ************* End of First Change ***************

**************** Second Change ******************
[bookmark: _Toc49931666][bookmark: _Hlk55228666]5.8.6	Potential New Requirements needed to support the use case
[PR 5.8.6-1] The 5G system shall be able to support for a UE to discover other UEs supporting Ranging.
The 5G system shall be able to support one UE to perform Ranging with [50]UEs simultaneously.
[PR 5.8.6-1] The 5G system shall be able to provide Ranging service with following performance KPIs.
[bookmark: _Hlk55229946]Table 5.8.6-1 – KPIs for smart transportation metro/bus validation
	Ranging distance
(meters)
	Ranging distance accuracy
(cm)
	Latency
(ms)
	Availability
(%)
	
Relative UE velocity
(km/h)

	[0.1] - [2]
	< [10]
	< [50]
	[99]
	< [3]

	[2] - [10]
	< [10]
	< [50]
	[95]
	< [5]



	Ranging scenario
	Ranging Accuracy 
(95 % confidence level)
	Availability
	Latency
	Effective Ranging distance, Coverage, NLOS/LOS, Relative UE velocity, Ranging interval, Number of concurrent ranging operation for a UE, Number of concurrent ranging operation in an area

	
	Distance Accuracy
	Direction Accuracy
	
	
	Effective Ranging distance
	Coverage 
	NLOS/LOS
	Relative UE velocity 
	Ranging interval
	Number of concurrent ranging operation for a UE
	Number of concurrent ranging operation in an area

	Smart Transportation Metro/Bus Validation
	10cm
	-
	99 %
	50ms
	2m
	IC/PC/OOC
	LOS
	Static/ Moving
(3km/h)
	50ms
	 20
	100 in the area of 8 m2




************* End of Second Change ***************
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