
[bookmark: _Toc26265178][bookmark: _Toc26525055][bookmark: _Toc26528660][bookmark: _Toc27898151][bookmark: _Toc17295212][bookmark: _Toc26265181][bookmark: _Toc26525058][bookmark: _Toc26528663][bookmark: _Toc27898154]SA WG2 Meeting #144E e-meeting	S2-2102524
[bookmark: _Hlk64406522]Elbonia, April 12 – 16, 2021	

Source:	Samsung, Ericsson
Title:	Discussion of Multiple QoS Class for efficient, flexible location estimation[footnoteRef:1] [1:  Part of this work has been performed within the LOCUS project (Grant Agreement No. 871249), funded by the European Commission within the Horizon 2020 Framework Program.
] 

Document for:	Discussion / Approval
Agenda Item:	8.14
Work Item / Release:	5G_eLCS_Ph2 / Rel-17
Abstract of the contribution: This discussion paper motivates the introduction of a new LCS QoS Class, namely Multiple QoS Class, by describing the associated use case and the limitations of the currently existing LCS QoS classes, namely best effort and assured.
1. Introduction
The CR in S2-2100393 [1] submitted to SA2#143E entitled “Support for Multiple QoS Class in deferred location requests” proposed the introduction of a third QoS class to enable the LMF to take better informed decisions on the selection of positioning methods and their allocated resources. The precise benefits of this new QoS class were not fully described in [1], hence this new discussion paper is provided herein. A use case within the Industry IoT domain is provided where the new Multiple QoS Class for LCS is shown to be beneficial, highlighting the limitations of the existing QoS classes in this setup. 
The main purpose of proposing the new Multiple QoS class is to increase the operational flexibility at LMF without degrading the efficiency of the location estimation process. In many cases, one location estimation process has to ‘compete’ for the limited available radio resources within the LMF with other location estimation processes as well as with other network functionalities requiring radio resources, so LMF conducts complex optimizations in relation to the resources used and the required location QoS levels.  Establishing a preferred QoS level and a baseline minimum QoS level by the LCS client or application (as supported by the new Multiple QoS class) helps the LMF to make informed decisions about the resource allocation for each location estimation attempt, as it is detailed below.
2. Motivation via Use Case Description 
[bookmark: _Toc510607461]To motivate the introduction of a new LCS QoS Class we describe the use case of an IIoT network within a factory with moving equipment in need to be located and tracked across different factory locations. As it is often the case, different tracked equipment pieces (i.e. UEs) in different areas of the factory may require different QoS in the form of accuracy levels (horizontal and/or vertical) and/or response time. 
The location estimation QoS requirements for a same UE may change from one moment to another. There could be many causes for such a change. For example, the UE moving/being moved from one area of the factory to another (e.g. a package being transported from the factory shipment arrivals to a storage room), or a change in the functionality of the device (e.g. a tool being moved from a storage room where it sits idle to a factory floor where it performs a task), etc. Furthermore, workers or visitors of the factory could also benefit from location services by using mobile devices or wearable sensors, and the required location accuracy could dynamically change depending on the area of the factory the worker is in (e.g. factory floor vs shipment delivery room vs lobby).
The above shows that the QoS location requirements for a same UE may indeed be dependent on additional parameters such as the area of the factory where the UE is located, the time of the day, etc. Because not every event in the factory is predictable, there is a level of uncertainty as to when and how those location QoS requirements may change for each device. This uncertainty may also affect location estimates scheduled to be performed at certain times to decrease the end-to-end latency of the estimation, where the required accuracy may not be known at the time the location estimate is scheduled due to the factors mentioned above. 
Observation 1	The location estimation process should be able to handle the existence of uncertainty around the location QoS requirements. 
In addition, the above use case description and in particular the possible uncertainty around the accuracy requirements of the location estimation calls for the introduction of a primary (i.e. preferred) accuracy in the location estimation request that may not coincide with the minimum accuracy required by the client. For example, the automated detection of a tool within a warehouse may have a minimum accuracy under which the system does not guarantee the successful detection of the tool. However, the time required for such automated tool detection will be dependent on the accuracy of the location estimation, so the LCS client may try to request a higher accuracy than the minimum to optimize the latency of the process, while the minimum accuracy for successful tool detection still needs to be known at the LMF. Furthermore, in many cases it makes sense for an LCS client to request location estimates with a higher accuracy requirement than the strict minimum accuracy required for the application since high accuracy estimates reduce the complexity of the location estimate post-processing at the LCS client, while additional context processing (e.g. the use of maps) at the LCS client can make up for a lower accuracy estimation.
Observation 2	There are advantages for certain use cases in enabling the location estimation process to provide a primary accuracy in addition to a minimum required accuracy. 
The above use case description further implies that it is advantageous for the LMF to optimize the utilization of resources for positioning to have multiple target accuracies available. Many examples can be provided of the accuracy-resources tradeoff at LMF, where higher accuracies tend to require more resources. For instance, in the warehouse localization example, two positioning methods can be employed which require different levels of radio resources. One method is RF fingerprinting, where a pre-computed register of signal strengths (RSRP) from different gNBs for location co-ordinates within the warehouse is maintained. The LMF can request a UE to report the RSRP measurements from the serving and neighbor gNBs and compare the set of values with the register and estimate the UE location. As cell-ID reference signals are periodically broadcasted from all gNBs and the UEs are designed to measure and report these, there is no additional radio resource overhead in this fingerprinting method. However, as it is likely that large objects will move regularly in a warehouse, the accuracy cannot be guaranteed and likely to be low. An alternative method for achieving higher accuracy is for the LMF to configure the periodic transmission of the PRS (Positioning Reference Signal) from the gNBs and for the UE(s) to detect these signals and report the relative time delay from each gNB (serving and neighbor gNBs) in receiving PRS. This is a Time Delay of Arrival (TDoA) method, where the localization accuracy does not suffer from signal strength variations. However, additional radio resources in the form of PRS have to be allocated to achieve this higher accuracy. There are many other positioning methods, but the general trend of higher accuracy needing more resources apply to all of them. With the multiple QoS definitions and indications about the radio resource availability, the LMF is in a better position to make an informed decision on the point to operate in this cost – benefit tradeoff curve.  
Therefore, LMF may initially fail to provide the primary accuracy because the amount of resources dedicated to the estimation was not enough. Given the inability of the LCS client to be aware of such constraints, it should be the LMF the entity making the informed decision of how many resources (time, radio, RAN nodes, etc.) it is worth spending on the first and any subsequent location estimation attempts.
Observation 3	LMF can leverage multiple accuracies as QoS requirements to optimize its resource allocation for location estimation/positioning. 
In summary, the above use case description calls for a more flexible LCS QoS Class without jeopardizing the efficiency of the location estimation process. Our view is that the two currently existing LCS QoS classes (i.e., best effort and assured) have limitations to provide the required flexibility without compromising the efficiency of the location, as it will be described in the next section of this discussion paper. We believe such efficient flexibility can be achieved with the new QoS class by providing multiple target accuracies at LMF that can be exploited during the location estimation process.  
Observation 4	Location services would benefit from a more flexible QoS Class that does not compromise efficiency. 
3. Limitations of Existing LCS QoS Classes 
Before describing the limitations of the two existing LCS QoS classes (i.e. best effort and assured) to address the above use case, it is worth pointing that in all three QoS classes (incl. the proposed multiple QoS Class) there is a primary accuracy first attempted by LMF during the location estimation. If the primary accuracy is attained, the LMF always forwards the location estimation to the network regardless of the employed LCS QoS Class. Note this statement also applies without consideration of the new QoS Class, since both assured and best effort classes already behaved identically in the above described scenario. 
Observation 5	When the primary accuracy is attempted by LMF and achieved, all LCS QoS classes behave identically.
The first limitation of the existing QoS classes is obvious in light of Observation 2: since they only consider a single accuracy value, they can’t leverage the advantages of providing a primary accuracy and a minimum accuracy.
Observation 6	Assured and best effort classes cannot leverage the benefits of having both primary and minimum accuracies.
To understand more in depth Observation 6, let’s look at the differences in LMF behavior among the QoS classes that appear when the primary accuracy is not achieved. In that case, after the LMF attempts the location estimation with the primary accuracy, it achieves instead an accuracy that falls below the primary one. With the currently supported QoS classes there are two options for the LMF in this case, one for each QoS class: 
· Best Effort Class: The LMF always forwards the estimation to the network/LCS client despite the primary accuracy not having been attained. 
· Assured Class:  The LMF re-attempts the location estimation by changing the positioning method and/or amount of resources allocated to the estimation. It is up to the LMF to determine the changes in the new attempt. It is also up to the LMF to determine when an error indication is forwarded to the network during the course of its estimation attempts. 
None of the above classes are suitable when there is uncertainty around the accuracy requirements, namely when the application has certain flexibility in the accuracy under which it can operate (i.e. Assured not suitable) while still exhibiting a minimum accuracy requirement (i.e. Best Effort not suitable). As explained in section 2 of this discussion paper, this requirement can be found e.g. in the case of a moving tool within a factory, when accounting for the post-processing computational efforts of an LCS client, etc. The two existing classes exhibit inefficiencies when applied to use cases exhibiting the above features because they can only operate with one accuracy value, as follows:  
· For Best Effort Class, there is no way to know whether the location estimate meets the minimum when LMF forwards the estimate with the obtained (lower than primary) accuracy. Hence, the estimation may need to be re-triggered from the start.
· For Assured Class, inefficiency arises in the resource optimization capabilities of LMF: after the first attempt failed to obtain the primary accuracy, follow-up attempts of the same accuracy should increase the amount of resources employed by LMF, whether by using a more precise positioning method and/or utilizing more resources for the estimation. However, the LMF may already be constrained in the amount of resources it can allocate to this estimation while the LCS client may exhibit some flexibility in the required accuracy, as described above. Hence, existing classes do not allow the LMF to attempt a follow up estimation without requiring to increase the allocated resources. Assured Class may also send an error message at some point, in which case there is no option to attain an accuracy satisfying the minimum, and the process has to be re-triggered from the start.
Observation 7	When the primary accuracy is attempted and failed, Assured and Best Effort classes are inefficient at allowing LMF the option of attempting a lower accuracy guaranteed to meet the requirements of the use case described in section 2.
Observation 8	When the primary accuracy is attempted and failed, Assured Class limits the capabilities of LMF to optimize the allocated resources for location estimation/positioning in the use case described in section 2. 
4. Multiple QoS Class 
In S2-2102525 [2] we propose the introduction of a new QoS Class known as Multiple QoS Class addressing the limitations of the existing classes in the context of the use case described in clause 2 by providing multiple triplets of QoS values for Horizontal Accuracy, Vertical Accuracy and Response Time. The proposal enables a both efficient and flexible method to provide location estimation by the LMF that allows high accuracy estimates to be attempted without compromising the efficiency of the process with excessive signaling and respecting potential resource constraints in the LMF. In addition, we further propose the utilization of the multiple QoS class when different accuracy requirements exist for different target areas where the UE may be expected to be, as described in clause 2. Without the proposed multiple QoS, such a scenario could only be handled with a separate location request for each target area, which is a much less efficient solution than having only one location request for the same UE with different accuracy requirements for different target areas.  
The core of the Multiple QoS Class description as captured in S2-2102525 [2] reads as follows:
-	Multiple QoS Class: This class defines stringent requirements on the QoS achieved for a location request. The Multiple QoS Class may be used in one of two possible ways for location estimation: 
-	Multiple QoS Class is used for an area event with multiple target areas: each of the multiple QoS requirement triplets (i.e. Horizontal Accuracy, Vertical Accuracy and Response Time) may be applied to one target area. 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.
-	Multiple QoS Class is used for periodic events or area events with a single target area or motion events: 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 should be triggered at LMF with the next triplet of 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.
Additional changes to the specification can be found in S2-2102525 [2]. The new QoS class is only proposed for deferred location requests. 
Proposal 1	Approve the introduction of the multiple QoS Class in TS 23.273 as proposed in S2-2102525 [2].

5. Summary
[bookmark: _Hlk51968268]The following observations have been made.
Observation 1	The location estimation process should be able to handle the existence of uncertainty around the location QoS requirements. 
Observation 2	There are advantages for certain use cases in enabling the location estimation process to provide a primary accuracy in addition to a minimum required accuracy.  
Observation 3	LMF can leverage multiple accuracies as QoS requirements to optimize its resource allocation for location estimation/positioning. 
Observation 4	Location services would benefit from a more flexible QoS Class that does not compromise efficiency. 
Observation 5	When the primary accuracy is attempted by LMF and achieved, all LCS QoS classes behave identically.
Observation 6	Assured and best effort classes cannot leverage the benefits of having both primary and minimum accuracies.
Observation 7	When the primary accuracy is attempted and failed, Assured and Best Effort classes are inefficient at allowing LMF the option of attempting a lower accuracy guaranteed to meet the requirements of the use case described in section 2.
[bookmark: _GoBack]Observation 8	When the primary accuracy is attempted and failed, Assured Class limits the capabilities of LMF to optimize the allocated resources for location estimation/positioning in the use case described in section 2. 
Based on these, the following proposal is made.
Proposal 1	Approve the introduction of the multiple QoS Class in TS 23.273 as proposed in S2-2102525 [1].
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