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1 Introduction
In this contribution, we discuss evaluation of the achievable latency especially for physical layer latency.

2 Latency 
End-to-end latency 
In terms of end-to-end latency, the requirement of end-to-end latency was determined to be [100]ms in the last meeting [1]. 
	Agreement:
· In Rel-17 target positioning requirements for commercial use cases are defined as follows:
· Horizontal position accuracy (< 1 m) for [90%] of UEs
· Vertical position accuracy (< [2 or 3] m) for [90%] of UEs
· End-to-end latency for position estimation of UE (< [100 ms])
· FFS: Physical layer latency for position estimation of UE (< [10 ms])
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy (< X m) for [90%] of UEs
· X = [0.2 or 0.5] m
· Vertical position accuracy (< Y m) for [90%] of UEs
· Y = [0.2 or 1] m
· End-to-end latency for position estimation of UE (< [10ms, 20ms, or 100ms])
· FFS: Physical layer latency for position estimation of UE (< [10ms])
· Note: Target positioning requirements may not necessarily be reached for all scenarios


However, the one area of concern is that there are 3 types of location service procedure such as NI-LR / MT-LR / MO-LR (in [2]) and more than one scenarios are included in each type. Since the LPP(a) messages and the signalling which are exchanged between UE and/or gNB and/or server and/or functions (application/network) can be different depending on the scenario, we may need to consider it. 

Observation 1:
· In terms of end-to-end latency, there are 3 types of location service procedure such as NI-LR / MT-LR / MO-LR and more than one scenarios are included in each type. 
· LPP(a) message and the signalling which is exchanged between UE and/or gNB and/or location server and/or functions (application/network) can be different depending on the scenario.

Physical layer latency 
In the last meeting [1], it was decided that the requirement of latency for both commercial and IIOT cases is [10] ms in terms of physical layer. In addition, it was also decided that UE is not expected to process DL PRS without configuration of measurement gap in Rel-16. Overall, if the physical layer aspect of positioning measurement is the procedure from “measurement request in UE side” to “reception of report at gNB side”, it can be depicted as shown in Fig. 1.
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<Figure 1: Physical layer aspect of positioning measurement procedure>

To determine a reasonable target requirement, it is necessary to analyse the minimum latency at first. For this, it is assumed that the time for adjusting synchronous (e.g. timing alignment) is zero and the smallest configurable value is applied.
The minimum elapsed time for each step is as follows: 
· Measurement gap request: 1ms (based on URLLC latency in TR 38.824)  
· Measurement gap configuration: 10ms (based on TS 38.331 table 12.1-1)
· PRS reception: 3ms for FR1 / 1.5ms for FR2 (in case of 15kHz)
· Assuming PRSs are transmitted within measurement gap
· Assuming gap offset and MGTA(Measurement Gap Timing Advance) are equal to zero, MGL: 3ms for FR1, 1.5ms for FR2 
· Scheduling request: ≈0.68ms (in case of 15kHz)
· Assuming the number of PUCCH is 1 OS and starting symbol is equal to zero
· UL grant: ≈ 2.68ms (in case of 15kHz)
· L2L1 processing delay at gNB: 2 slot [3]
i. LTE-compatible value and MAC scheduler at gNB works on slot-basis
· Duration of PDCCH : 1 OS
· Reporting measurement result: ≈1.21ms (in case of 15kHz)
· PUSCH preparation procedure time [4]: 0.43ms (in case of 15kHz)
i. Assuming UE processing capability 2 (for minimum value) 
· Duration of PUSCH: 1 OS 
· Decoding latency at gNB: 0.1ms

The above analysis is summarized in the table 1: 
[bookmark: _Ref40191117]Table 1: minimum elapsed time of grant based positioning measurement report
	Procedure
	Latency

	Measurement gap request
	1ms

	Measurement gap configuration
	10ms 

	PRS reception
	3ms for FR1 / 1.5ms for FR2

	Scheduling request
	0.68ms

	UL grant
	2.68ms

	Reporting measurement result
	1.21ms

	Total latency
	18.57ms for FR1 / 17.07 for FR2


According to the above analysis, minimum elapsed time is approximately 18.57ms and it exceeds the target delay [10] ms.

Observation 2:
· In perspective of physical layer, minimum latency for grant based positioning measurement exceeds the target delay [10] ms according to Table 1.
 Although the timing alignment delay is zero and the smallest configurable value is assumed, the total minimum elapsed time for grant based positioning measurement exceeds target delay [10]ms as shown above. So, we need further discussion on the latency enhancement for PRS measurement and reporting. For the enhancement of physical layer latency, we need study on both PRS measurement latency and PRS reporting latency.

Proposal 1:
· Rel-17 NR positioning SI needs to study PRS measurement latency and PRS reporting latency at least for the physical layer latency enhancement.

For example, in physical layer procedure of Rel-16 NR positioning, the following approach depicted in Figure 2 could be considered to reduce latency for measurement reporting. In this example, the gNB transmits grant after the waiting time for computation in UE without scheduling request.
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<Figure 2: An illustrative example of example of method to reduce latency for grant based positioning measurement>

3 Conclusion
In this contribution, we have discussed latency for positioning measurement. As a conclusion of the discussion, we summarize our views as follows:
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Observation 1:
· In perspective of end-to-end latency, there are 3 types of location service procedure such as NI-LR / MT-LR / MO-LR and more than one scenarios are included in each type. 
· LPP(a) message and the signalling which is exchanged between UE and/or gNB and/or server and/or functions(application/network) can be different depending on the scenario.

Observation 2:
· In perspective of physical layer, minimum latency for grant based positioning measurement exceeds the target delay [10] ms according the following table.
	Procedure
	Latency

	Measurement gap request
	1ms

	Measurement gap configuration
	10ms 

	PRS reception
	3ms for FR1 / 1.5ms for FR2

	Scheduling request
	0.68ms

	UL grant
	2.68ms

	Reporting measurement result
	1.21ms

	Total minimum elapsed time
	18.57ms for FR1 / 17.07 for FR2



Proposal 1:
· Rel-17 NR positioning SI needs to study PRS measurement latency and PRS reporting latency at least for the physical layer latency enhancement.
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