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1. Discussion 
In SA1 #91emeeting, some new use cases have been introduced into TR22.855 to study Ranging-based Services requirements.
The description of all use cases existed in the TR are focus on the scenarios after the ranging operation is active, e.g. the “Ranging Interval” is required as [50ms] with “Effective Ranging distance” is required case depend as [20m], [10m],[100m],[0-1m],[0.1~10m],[0.1~2m],[2-10m],[5m],[0.1~20m] or [0.1~10m] .
In the TR, the “Effective Ranging distance” is defined as the largest distance between the UE who initiates the Ranging and target UEs in the Ranging operation. 
 
In fact, after a ranging service is started, the is kind of ranging operation (active) is only needed conditionally e.g. in Effective Ranging Distance scope, and doesn’t need operate so frequently during all the ranging service period. So it is reasonable that the ranging service has inactive infrequent stage operation and active frequent stageoperation. During the active stage, tThe 5G system operates frequent ranging operation with ranging interval e.g.as [50ms], and . And during the inactive stage, the infrequent ranging operation with extended ranging interval e.g. 10scan slow down . The ranging service need and prepare to to transformenter to active frequent operationstage as soon as possible once the condition is met. 
The frequent ranging operation can be triggered by user through application layer. In the TR22.855, the use cases in 5.1 Distance based Smart Home Device Control, 5.2 Smart TVs control, 5.4 Finding items in a Supermarket, illustrate this kind of trigger scenarios. 
The frequent ranging operation also can be triggered by the 5G system itself once the frequent ranging condition is met. In the TR22.855, some use cases, e.g. 5.3 Smart Vehicle Key, 5.5 Museum Tour, 5.6 Touchless Self-checkout Machine Control, 5.7 Hands Free Access, 5.8 Smart Transportation Metro/Bus Validation etc. assume this kind of trigger. 
The frequent ranging condition can be configured by ranging service provider e.g. when tThe 5G system can detect the condition which meet some criterion to enter active ranging operation, e.g. the measured ranging distance <= Active Frequent Ranging distance, then to trigger frequent ranging operation; or to enter inactive ranging operation, e.g. when the measured ranging distance >= Active Frequent Ranging distance, to trigger infrequent ranging operation; or the measured ranging distance is stable for some time, to trigger infrequent ranging operation etc..  
So, it is proposed to add one new use case to introduce the infrequent ranging operation and potential requirements.

2. Proposal

[bookmark: _Toc360202468]5.x	Frequent Ranging and Infrequent Ranging
[bookmark: _Toc360202469]5.x.1	Description
Ranging service requires ranging UE to operate ranging action after the ranging service starts. But in fact, this kind of frequent ranging operation e.g. with ranging interval of [50ms] is only needed conditionally, not during all the ranging service period. 
So it is reasonable that the ranging service is divided into infrequent ranging and frequent ranging. The 5G system operates frequent ranging operation with very fast ranging interval e.g. 50ms. And the infrequent ranging operation can be slow down e.g. ranging interval is [10]s. During the infrequent operation, the KPI requirements may be relax with [5-10] times compared with it is required in frequent ranging operation. The 5G system needs to detect whether need frequent/infrequent ranging operation transformation. 
The frequent/infrequent ranging operation transformation condition can be configured by ranging service application provider e.g. when the measured ranging distance <= Frequent Ranging distance, to trigger frequent ranging operation; or when the measured ranging distance > Frequent Ranging distance, to trigger infrequent ranging operation; or the measured ranging distance is stable for some time, to trigger infrequent ranging operation etc. Figure 5.x.1-1 illustrates two ranging operations of ranging service. And Figure 5.x.1-2 illustrates the example of frequent/infrequent ranging operation transformation condition.
[image: ][image: ]
Figure 5.x.1-1 infrequent and frequent ranging operation
[image: ]
Figure 5.x.1-2 the example of frequent/infrequent ranging operation transformation condition

The “Frequent Ranging Distance” should consider the user experience for ranging service, i.e. to make sure the ranging UE can achieve accurate ranging result and in real-time. The “Effective Ranging Distance” is the maximum value of “Frequent Ranging Distance”. 

The table 5.x.2-1 lists the “Frequent Ranging Distance” in different use cases in the TR22.855 with typical infrequent ranging intervals.
Table 5.x.2-1 typical “Frequent Ranging Distance” and “Infrequent Ranging Interval”
	Use case
	Effective Ranging Distance
	Relative UE velocity
	Infrequent Ranging Interval
	Frequent Ranging Distance

	5.3 Smart vehicle Key
	[100]m
	<[1]m/s
	10s
	[20]m
Considering the lock/unlock is acted when the user is near the vehicle (<10m), infrequent ranging interval is 10s, the relative UE velocity is 1m/s, so the frequent ranging distance equals 10m+10s*1m/s=20m 

	5.6 Touchless Self-checkout Machine Control
	<[1]m
It doesn’t consider the infrequent operation
	-
approach at <[1]m/s 
	-
	[1]m

	5.7 hands free access
	[0.1~10]m

	<[5]km/h
	1s
	[0.1~1]m
Considering the action is required when the user is near the machine (0.1m), infrequent ranging interval is 1s, the relative UE velocity is 0.87m/s, so the frequent ranging distance equals 0.1m+1s*0.87m/s≈1m

	5.8 Smart Transportation Metro/Bus Validation
	[0.1~2]m (no infrequent operation)
[2~10]m

	<[3]km/h
<[5]km/h
	1s
	[0.1~2]m
[2~3]m
Same calculation as above. The frequent ranging distance equals 2m+1s*0.87m/s≈3m

	5.9 Distance based Intelligent Perception for Public Safety
	[0.1~20]m
[0.1~10]m

	<[5]km/h
<[20]km/h
	10s
1s
	[0.1~9]m
Same calculation as above. The frequent ranging distance equals 0.1m+10s*0.87m/s≈9m
[0.1~6]m
Same calculation as above. The frequent ranging distance equals 0.1m+1s*5.5m/s≈6m

	5.11 Ranging of UE’s in front of vending machine
	[5]m
It doesn’t consider the inactive operation
	<[1]m/s
	1s
	[1.5]m
Considering the action is required when the user is near the machine (0.5m), same calculation as above. The frequent ranging distance equals 0.5m+1s*1m/s≈1.5m



In fact, with introduction of frequent and infrequent operation, the ranging UE initials ranging operation can be more flexible and leisurely. 



[bookmark: _Toc360202470]5.x.2	Pre-Conditions
[bookmark: _Toc360202471]The Tom’s car support ranging service. Its paired ranging UE is Tom’s smart phone.  
Tom’s car is usually parked in his house during the night. And in working days, it is always parked in Tom’s office underground parking port.
Tom’s car and its smart phone have registered one of Opertor’s Ranging service: Smart Car Key.  The “infrequent ranging interval” is configured as 10s.
The “Active Ranging Distance” for this ranging service can be calculated with following formulas:  
“Active Ranging Distance” <= “Effective Ranging Distance” of active ranging operation + “Relative UE velocity” of active ranging operation × “inactive ranging interval” and
“Active Ranging Distance” >= “Effective Ranging Distance” of active ranging operation

From user experience aspect, the “Effective Ranging Distance” is usually required up to 100m, the “Relative UE velocity” is usually 1m/s, considering the lock/unlock is acted when the user is near the vehicle (<10m), inactive ranging interval is 10s, so the “Frequent Ranging distance” equals 10m+10s*1m/s=20m

5.x.3	Service Flows
In the morning, Tom’s car is parking at home and operating ranging with large ranging interval e.g. 10s. The KPI requirements may be relax with [5-10] times compared with it is required in active ranging operation.
Tom goes to his car carrying his smart phone and the car identifies that the distance with the paired smart phone is less than “Frequent Ranging Distance” e.g.20m.
The car starts frequent ranging operation with required ranging service KPI and the Ranging Interval is 50ms.
The car automatically unlocks and opens the door when Tom is nearby.
Tom drives the car to his office, then parks his car in the office underground parking port.  Tom leaves his car. His car identifies the distance between the car and Tom’s smart phone exceeds the configured “lock door distance”. The car automatically locks.
The car continuously operates frequent ranging with Ranging Interval is 50ms until it detects that the distance exceeds “ Frequent Ranging Distance” (e.g. 20m) which can be calculated according to table 5.x.2-1. It enters the infrequent ranging operation the ranging interval is 10s.
Tom leaves his office and goes to his car. His car identifies the distance less than “Frequent Ranging Distance” (e.g. 20m).
The car enters frequent ranging operation with the ranging interval back to 50ms.
The car automatically opens the door when Tom is nearby. Tom drives his back home.

[bookmark: _Toc360202472]5.x.4	Post-Conditions
Tom’s car can be automatically lock and unlock with more power efficiently.
5.x.5	Existing features partly or fully covering the use case functionality
TS 22.261 clause 6.27 Positioning services
The 5G system shall support mechanisms to configure dynamically the update rate of the position-related data to fulfil different performances (e.g. power consumption, position service latency) or different location modes.
NOTE 5: 	for example, the 5G System needs to be able to request the UE to provide its location periodically with an update rate ranging from one location every [1 s to 10 s] in location normal mode to one location every [30 s to 300 s, or more] in location power saving mode. The 5G System needs to allow UEs to sleep for extended periods (e.g. one week), without requiring the UE to update its position data.

[bookmark: _Toc360202473]5.x.6	Potential New Requirements needed to support the use case
[PR 5.x.6 -1] The 5G system shall be able to support inactive and active ranging service after the ranging service starts. The KPI requirements for inactive ranging operation can be relaxed [5-10] times compared with they are required in the active ranging operation.
[PR 5.X.6 -2]The 5G system shall be able to support suitable APIs to enable application layer to configure conditions for transformation active or inactive ranging operation, e.g. ranging distance, ranging distance stable time etc.
[PR 5.x.6 -3] The 5G system shall be able to support to transit ranging service from inactive ranging operation to active ranging operation, vice versa. 
[PR 5.x.6 -1] The 5G system shall be able to support change of ranging configurations (e.g., ranging interval, or other KPIs) for one ranging service during the ranging service operation and continuous operation with new ranging configurations.
[bookmark: _GoBack][PR 5.X.6 -2]The 5G system shall be able to support suitable APIs to enable the ranging based service provider to manage ranging operation and configurations.
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