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1. Introduction
SA2 WI 5G_eLCS_Ph2 WI has made in Release 17 the introduction of ‘Multiple QoS’ class between LCS client and LMF. In this paper, it is discussed how this new QoS class can be used in RAN for reducing LPP message transaction latency. 

2. Discussion 
2.1 Background of introduction of multiple QoS class
SA2 introduced ‘multiple QoS’ class (S2-2105125). The motivation is that there will be the case / area that the LCS client can work with a range of QoS levels from the target UE’s.  For example, the LCS client would prefer a certain QoS level, but could also work with LCS reports up to a minimum QoS level and compensate the accuracy reduction by other means (e.g. through AI/ML based post-processing techniques).  Therefore, LCS client gives some margin on required QoS so that the LMF can handle with more flexibility on the QoS requirement.

2.2 Legacy operation between LCS client and LMF with respect to QoS class
Before the introduction of new QoS class, the QoS class was either ‘Assured’’ class, or ‘Best effort’ class. Now new ‘multiple QoS’ class was added. Each of them has Horizontal-/Vertical-accuracy value and response time correspondingly (for one pairs for assured and Best effort, while maximum 3 pairs for multiple QoS). Once LCS client sends {QoS class, H-/V-accuracy values, response time} to LMF via GMLC/AMF, then LMF can trigger the location request procedures to the target UE.
· If ‘assured’ class is indicated, LMF should return the location estimate to the LCS client which satisfies the accompanied accuracy value. If LMF cannot get the location estimate satisfying the accompanied accuracy value, it will discard the obtained location estimate and generate the error to the LCS client.
· If ‘best effort’ class is indicated, LMF can return the any obtained location estimate to the LCS client but with the indication whether the obtained location estimate fulfils the accompanied accuracy value or not. If LMF cannot obtained any location estimate result, then LMF can generate the error to the LCS client.
· If ‘multiple QoS’ class is indicated, (in this case, there would be max 3 of accuracy values i.e., the most preferred, intermediate and the least preferred can accompanied) LMF can try to multiple location estimation triggering ‘without any interaction with LCS client’. LMF can further reconfigure the related configurations to target UE and TRPs related, and modify the positioning method per each triggering. 

The excerpt from TS 23.273 below:
	[bookmark: _Toc58920570][bookmark: _Toc131157405]4.1b	LCS Quality of Service
LCS Quality of Service is used to characterise the location request. It can either be determined by the operator or determined based on the negotiation with the LCS client or the AF. It is optional for LCS client or the AF to provide the LCS Quality of Service in the location request.
LCS Quality of Service information is characterised by 3 key attributes:
-	LCS QoS Class as defined below.
-	Accuracy: i.e. Horizontal Accuracy (see clause 4.3.1 of TS 22.071 [2]) and Vertical Accuracy (see clause 4.3.2 of TS 22.071 [2].
-	Response Time (e.g. no delay, low delay or delay tolerant as described in clause 4.3.3 of TS 22.071 [2]).
NOTE 1:	One or two QoS values for Horizontal Accuracy, Vertical Accuracy can be provided in the location request in addition to a preferred accuracy when LCS QoS Class is set to Multiple QoS Class.
The LCS QoS Class defines the degree of adherence by the Location Service to another quality of service parameter (Accuracy), if requested. The 5G system shall attempt to satisfy the other quality of service parameter regardless of the use of QoS Class. There are 3 LCS QoS Classes:
-	Best Effort Class: This class defines the least stringent requirement on the QoS achieved for a location request. If a location estimate obtained does not fulfil the other QoS requirements, it should still be returned but with an appropriate indication that the requested QoS was not met. If no location estimate is obtained, an appropriate error cause is sent.
-	Multiple QoS Class: This class defines intermediate stringent requirements on the QoS achieved for a location request. If the obtained location estimate does not fulfil the most stringent (i.e. primary) other QoS requirements affected by the degree of adherence of the QoS class, then another location estimation may be triggered at LMF attempting less stringent other QoS requirements. The process may be iterated until the least stringent (i.e. minimum) other QoS requirements are attempted. If the least stringent other QoS requirements cannot be fulfilled by a location estimate, then the location estimate shall be discarded, and an appropriate error cause shall be sent.
NOTE 2:	An AF may provide a location request with Multiple QoS Class via NEF. For an LCS client to provide a location request with Multiple QoS Class an Le interface implementation supporting Multiple QoS Class may be required.
NOTE 3:	Multiple QoS Class can only be applied for Deferred 5GC-MT-LR Procedure in this release of the specification.
-	Assured Class: This class defines the most stringent requirement on the accuracy achieved for a location request. If a location estimate obtained does not fulfil the other QoS requirements, then it shall be discarded, and an appropriate error cause shall be sent.
NOTE 4:	How the LMF decides the positioning method is an implementation aspect not pre-determined by QoS criteria.
For LCS client, it may indicate accuracy defined in TS 29.572 [12], tables 6.1.6.3.2-1 and 6.1.6.3.5-1. For AF, it may either indicate the accuracy defined in TS 29.572 [12], table 6.1.6.3.2-1, or indicate a particular value e.g. PLMN ID defined in TS 29.122 [35], table 5.3.2.4.7-1.





2.3 Legacy RAN operation regarding QoS
The RAN operation regarding QoS class is, once LCS client indicates QoS attribute i.e., {QoS class, accuracy value, response time} to LMF, LMF will determine the positioning method, and related configurations to be used by the target UE, then request positioning measurement/estimate to the target UE via LPP. LPP RequestLocationInformation msg has the following attributes to be delivered to the target UE (excerpt from 37.355)
QoS ::= SEQUENCE {
	horizontalAccuracy			HorizontalAccuracy		OPTIONAL,	-- Need ON
	verticalCoordinateRequest	BOOLEAN,
	verticalAccuracy			VerticalAccuracy		OPTIONAL,	-- Need ON
	responseTime				ResponseTime			OPTIONAL,	-- Need ON
	velocityRequest				BOOLEAN,				
	...,
	[[	responseTimeNB-r14		ResponseTimeNB-r14		OPTIONAL	-- Need ON
	]],
	[[	horizontalAccuracyExt-r15	HorizontalAccuracyExt-r15		OPTIONAL,	-- Need ON
		verticalAccuracyExt-r15		VerticalAccuracyExt-r15			OPTIONAL	-- Need ON
	]]
}

Once above information/request is received, UE will measure/ do the location estimate. If the result of measurement/location estimate fails to fulfil this indicated accuracy level, error msg will be transmitted to LMF. If succeed, corresponding measure result / location estimate will be transmitted to LMF. In short, a single LPP request for the location information results in Boolean i.e., success or failure. There is no UE’s autonomous behavior based on this result. Only LMF can further trigger the other request for location information if it cannot be satisfied with the result. 
Observation 1. Request for the location information triggered by LMF has only one accuracy value, and its response to the LMF from the target UE is just to inform either the result value (in success) or error (in failure). In other words, there is no target UE’s further autonomous operation according to whether the resulting location estimate is fulfilling the given accuracy value or not. 

At the same time, in 38.305, positioning procedure has the following:
	[bookmark: _Toc12632643][bookmark: _Toc29305337][bookmark: _Toc37338152][bookmark: _Toc46488994][bookmark: _Toc52567347][bookmark: _Toc60788952]7.1.2.5	Sequence of procedures
LPP procedures are not required to occur in any fixed order, in order to provide greater flexibility in positioning. Thus, a UE may request assistance data at any time in order to comply with a previous request for location measurements from the LMF; an LMF may instigate more than one request for location information (e.g., measurements or a location estimate) in case location results from a previous request were not adequate for the requested QoS; and the target device may transfer capability information to the server at any time if not already performed.



As in the highlighted, once request on a QoS is not fulfilled, LMF might trigger more request to the target UE. Determination of the positioning method and configuration modification on the related information such as PRS are up to the LMF before the start of next new triggering of request.
In most cases of using ‘assured’ and ‘best effort’ class, there is no problem in current LPP sequential procedures. 
For example, ‘assured’ QoS class is indicated to the LMF from LCS client, and the first request for the location information is triggered with configuring the same accuracy value in LPP to the target UE as indicated one from LCS client. If the result is success, then LMF can reply to the LCS client with the received location estimate. Or if the result was failed, then LMF can reply error to the LCS client. Or if LMF wants more trial with change of method, and configuration, it can request for the location information more to the target UE. But in this case, this repeat of LPP procedure cannot be avoided since LMF’s configuration or positioning method change require the whole LPP session’s reset/restart.  
For ‘best effort’ class, LMF request for the location information with the given accuracy to the target UE. Even if the response from the target UE is not successful, but still the location estimate value can be responded with the indication whether the location estimate is fulfilling the accompanies accuracy to the LCS client. 
Problem: 
If ‘multiple QoS’ class is indicated to the LMF with 3 different accuracy values, LMF will start the first request with the most preferred accuracy, and it that was failed, LMF can request for other location information but with the intermediate accuracy value. The thing is there is no strict reason for LMF to change the positioning method or related configurations after first trials failure as did in ‘assured’ QoS class cases. Since what is needed in multiple QoS class is only changing the accuracy value with positioning method and corresponding configuration unchanged, there is no need to reset/restart the whole LPP procedure. But current LPP procedure only allow the whole restart of the LPP procedures to request the location information. 
Observation 2. In current LPP procedure when LMF is configured with multiple QoS class, if the indicated accuracy in first requested location information is not fulfilled, another location information procedure will be requested with next stringent accuracy, and so on, and this sequential transaction of LPP procedures and related processing of location measurement/estimate makes unnecessary latency for obtaining meaningful location estimate at LMF. 




In the above figure, if multiple QoS class is given to the LMF from the LCS client, LMF can handle them effienctly with proposed LPP procedure where target UE can autonomously operate based on the location information result. The detail explanation is following. 

1. 
2. 
2.1 
2.2 
2.4 Using multipleQoS class in LPP
Our proposal is to introduce the ‘multipleQoS’ class in LPP domain too. LMF can indicate to the target UE with the multiple QoS information when received LCS service request with multipleQoS class from LCS client. Assume that this multiple QoS can have preferred QoS, intermediate QoS, and minimum QoS information in one LPP request message, and each QoS information has its own H-/V-accuracy values to be met. Once UE receives this, it first tries to measure using the related method to fulfil the preferred QoS (or the most stringent accuracy value), and it determines the requested accuracy value is achieved or not. If failed, UE autonomously tries to measure to fulfil the second QoS (or check if the former measurement result fulfil the second QoS’ accuracy value). UE can continue this procedure until the final QoS (the minimum QoS level) requirement is satisfied. 
When one of multiple QoS level requirement is achieved, the target UE can report its result in provide location information message to LMF. Maybe there could be the indication to which QoS level requirement was achieve/fulfilled for LMF to identify the achievement. 
Therefore, to reduce the procedural latency, we propose to introduce multiple QoS level information to LPP location information request procedure whenever LMF receives the multipleQoS class in service request from LCS client. 
For the evaluation of the suggested procedures are in the accomparying Tdocs (R2-2111081) with details of the simulation.

Proposal 1. Introduce multiple QoS level information (i.e., accuracy values) to LPP location information request procedure when LMF receives the service request with multipleQoS class from LCS client.
Once the P1 is agreed, we can further discuss on how the spec would be impacted. For UE operation, UE should consider the sequential evaluation on whether the measured result/ location estimate is fulfilling the 1st preferred accuracy requirement. If not, UE should do for the 2nd preferred accuracy requirement. And so on.
Proposal 2. If UE receives LPP Request Location Information including multiple QoS information, UE should evaluate whether the measured result/location estimate fulfils the accompanied accuracy requirement sequentially in the order of preference level.
Once there is a preference level of accuracy on which the measured result/ location estimate fulfils the accuracy requirement, UE should report that result/location estimate with the indication of fulfilled accuracy requirement.
Proposal 3. Once there is a preference level of accuracy on which the measured result/ location estimate fulfils the accuracy requirement, UE should report that result/location estimate with the indication of fulfilled accuracy requirement.


3. Conclusion  
In this contribution, we discussed to reduce the procedural latency by introducing the multiple QoS level information to LPP and provide the following conclusion:
Observation 1. Request for the location information triggered by LMF has only one accuracy value, and its response to the LMF from the target UE is just to inform either the result value (in success) or error (in failure). In other words, there is no target UE’s further autonomous operation according to whether the resulting location estimate is fulfilling the given accuracy value or not. 
Observation 2. In current LPP procedure when LMF is configured with multiple QoS class, if the indicated accuracy in first requested location information is not fulfilled, another location information procedure will be requested with next stringent accuracy, and so on, and this sequential transaction of LPP procedures and related processing of location measurement/estimate makes unnecessary latency for obtaining meaningful location estimate at LMF. 
Proposal 1. Introduce multiple QoS level information (i.e., accuracy values) to LPP location information request procedure when LMF receives the service request with multipleQoS class from LCS client.
Proposal 2. If UE receives LPP Request Location Information including multiple QoS information, UE should evaluate whether the measured result/location estimate fulfils the accompanied accuracy requirement sequentially in the order of preference level.
Proposal 3. Once there is a preference level of accuracy on which the measured result/ location estimate fulfils the accuracy requirement, UE should report that result/location estimate with the indication of fulfilled accuracy requirement.
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