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1. Introduction
[bookmark: _GoBack]In the last SA2 meeting, an agreement was reached on introducing multiple QoS class (S2-2105125) between LCS client and LMF. By following this clue, we suggest the new multiple QoS class handling in LPP procedures, and in the accompanying paper (R2-2111083), it is discussed how this new multiple QoS class can be used in RAN and the LPP message transaction for reducing related latency. In this contribution, we showed the enhanced performance of the proposed operation via the simulation.

2. Discussion 

2.1 Legacy and suggested RAN operation regarding QoS
In current LPP procedure, the indicated Qos in first requested location information is not fulfilled, another location information procedure will be requested, and sequential processing of location measurement/estimate makes unnecessary latency for obtaining meaningful location estimate at LMF, when LMF is requested for multipleQoS class service. 
[image: ]
In the above figure, case 1 and 2 are exclusive. Case 2 can be removed by using multipleQoS class in LPP. 
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2. 
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2.2 Proposed scheme: 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.
2.3 Simulation study –results
We have conducted a study on accurate and low-latency localization and tracking for a crowded environment in a stadium entry use case. We first simulate the use of the assured QoS class, where a preferred accuracy level is indicated first to the UEs and if this fails, a minimum accuracy level is indicated in another location request. Secondly we simulate the use of Multiple QoS class, where the preferred and minimum accuracy levels are both contained in a single location request. We assume DL-TDoA based localization, where the UE’s will provide the relative time delays in reading the PRS (Positioning Reference Signal) from the serving and neighbor gNBs. The LPP messages from the LMF will provide the location assistance data (like scheduled positions for PRS in a radio frame from different gNBs) and then request the location information from the UE. The UE will read the relevant PRS and will provide the relative timing delays, in a ProvideLocationInformation message. The latency components include the assistance data transmission delay, PRS transmission delay and the random access contention delay for the uplink (for ProvideLocationInformation LPP message).
The simulations capture increasing the number of active UEs, when (in particular) the random access related uplink delays increase. As the total latencies show wide distributions, we have indicated the minimum, average and maximum latencies recorded for each simulation drop. A given number of active UEs, with varying received SNR values are used in each simulation drop. The latency results are depicted below.
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Figure 2: Latency comparison for Assured and Multiple QoS classes
The results indicate that both the maximum latencies and average latencies for all active UE numbers show significant reductions with the use of Multiple QoS class. Analyzing the results, the average latencies fall by around 25 ms to 35 ms, when the active user numbers are increased. The latency reduction benefit from the use of Multiple QoS is thus clearly indicated in these simulation results.
Observation 1. With 3GPP UMi model and some deployment scenario, proposed scheme shows clear benefit on the latency reduction compared to the legacy single QoS class request. 
Observation 2. Above latency reduction gain is increasing on the increasing number of active UEs.

Since the failure probability of the measurement/location estimate given stringent QoS class is independent per the UE in the simulation setup, it is straightforward to have increasing latency gain consistently over the increasing number of UEs. Trend shows that RACH capability is still not exhausted since the constant slope is maintained till the maximum number of the UEs. We expect that there will be some point on the number of UEs where the slope gets steeper, and this seems to be from the RACH congestion. Anyhow, we can propose that the above performance gain can be obtained by the proposed scheme.

The parameters corresponding to the results are listed in Table 1 below.
Table 1 Parameters for Simulation Study
	Parameter
	Value

	Channel Model (baseline)
	 UMi Scenario TR 38901 

	Cell Layout 
	Hexagonal grid, 19 micro sites, 3 sectors per site

	Inter site distance (ISD) 
	200m 

	Carrier Frequency 
	30 GHz

	Bandwidth
	100 MHz

	TRP antenna configuration
	ULA with 2 elements

	TRP transmit power 
	35 dBm

	UE dropping 
	Uniform

	Min UE- TRP distance 
	10 m

	TRP antenna height
	10 m

	UE antenna height 
	1.5 m

	Number of RA preambles 
	64 TS 36.300

	Time Duration of PRS
	 1 slot / 0.5 ms TS 38.211

	Periodicity of PRS
	20 ms TS 38.211



Finally we can have the following proposal and which is the repeat of the one in the accompanying paper (R2-2111083):
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.

3. Conclusion  
In this contribution, we showed the simulation result on the proposed multiple QoS class mechanism based on 3GPP channel model. And the shown gain is enough to support the multiple QoS class mechanism. And finally we have the following observations and proposal.
Observation 1. With 3GPP UMi model and some deployment scenario, proposed scheme shows clear benefit on the latency reduction compared to the legacy single QoS class request. 
Observation 2. Above latency reduction gain is increasing on the increasing number of active UEs.
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.
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