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1. Introduction
In RAN1#102-e meeting, very good progress on additional scenarios for evaluation for NR positioning enhancement has been made.  The following agreements were reached:
	Agreement:
Physical Layer Latency Start and End times are defined as follows:
	Method
	Start
	End

	UE assisted DL-only & DL-ECID & Multi-RTT
	Transmission of the PDSCH from the gNB carrying the LPP Request Location Information message
	Successful decoding of the PUSCH carrying the LPP Provide Location Information message 

	UL-only method & UL ECID & Multi-RTT
	Reception by the gNB of the NRPPa measurement request message
	The transmission by the gNB of the NRPPa measurement response message

	UE-based
	Transmission of the PDSCH from the gNB carrying the LPP Request Location Information if applicable, otherwise,
· Alt. 1: transmission of the PUSCH carrying the MG Request from the UE.
· Alt. 2: Transmission of the PDSCH from the gNB carrying the LPP message containing the assistance data
· Alt. 3: Start of the Reception of DL PRS
Note: Suggest to downselect this at the next meeting.
Note: The high layers latency components may be subject to adjustment for different alternatives.
	Successful decoding of the PUSCH at gNB carrying the LPP Provide Location Information message if applicable, otherwise Calculation of Location Estimate at the UE
 




Conclusion:
RAN1 will not define additional optional values for UE and gNB antenna heights for evaluations.

Conclusion:
RAN1 will not define additional details for the optional UE antenna configuration of 4 UE panels for evaluations.

Conclusion:
For power consumption evaluation, it is up to each company to detail their methodology (including power model) for evaluation.

Agreement:
Apply the timing errors as follows: 
· For each UE drop, 
· For each panel (in case of multiple panels)
· Draw a random sample for the Tx error according to [-2*Y,2*Y] and another random sample for the Rx error according to the same [-2*Y,2*Y] distribution. 
· For each gNB 
· For each panel (in case of multiple panels)
· Draw a random sample for the Tx error according to [-2*X,2*X] and another random sample for the Rx error according to the same [-2*X,2*X] distribution. 
· Any additional Time varying aspects of the timing errors, if simulated, can be left up to each company to report.
· For UE evaluation assumptions in FR2, it is assumed that the UE can receive or transmit at most from one panel at a time with a panel activation delay of 0ms.

Conclusion:
For UE mobility, the details of the optional mobility model are left to companies.

Agreement:
PRS/SRS resource utilization is the metric used to evaluate network efficiency
· FFS: what is included in resource utilization, e.g. PRS/SRS/MG configurations, beam sweeping assumptions

Agreement:
For the absolute time of arrival modelling in IOO, UMa, Umi, companies may provide the details of their model, if any


In this contribution, we present our views on a few remaining issues on evaluation methodology for NR positioning enhancement. 
2. Discussions
Considering Physical Layer Latency
In RAN1#102-e meeting, the start time and end time for determining physical layer latency of UE-assisted DL method and UL-method were decided. However, the start time and end time for calculating physical layer latency of UE-based method are still undecided yet. From last meeting, we have the following alternatives for start time when the PDSCH carrying LPP request location information is not applicable:
· Alt. 1: transmission of the PUSCH carrying the MG Request from the UE.
· Alt. 2: Transmission of the PDSCH from the gNB carrying the LPP message containing the assistance data
· Alt. 3: Start of the Reception of DL PRS
As agreed in last meeting, it is suggested to down-select one in RAN1#103-e meeting. A procedure of UE-based positioning method is illustrated in Figure 1. 
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Figure 1: procedure for UE-based positioning
As shown in Figure 1, the procedure is generally:
1) If the UE does not have DL PRS configuration information, the UE first sends LPP request assist data message to request the configuration information of DL PRS.
2) The system provides the configuration information of DL PRS through LPP provide assist data message to the UE. 
3) Since the UE can only receives DL PRS within measurement gap, the UE sends RRC location measurement indication message to request measurement gap.
4) The gNB then configures measurement gap through RRC. The periodicity of measurement gap can be 20, 40 80 or 160 ms. And the length of measurement gap can be 1.5, 3, 3.5, 4, 5.5 or 6 ms.  
5) Then during one measurement gap, the UE can receive and measure the DL PRS resources.
6) Finally, the UE calculates the location based on the measurement of DL PRS resources.
The request and transmission of Location assist data shall not be considered in the physical latency calculation. They are LPP messages and they shall be considered as part of higher layer latency. Furthermore, the UE does not necessarily request LPP assist data whenever it needs location service. The UE can request the configuration of DL PRS resources once and then use the same configuration as long as it is in the same serving cell. Regarding Alt3, in our view, it is not proper to use the start of reception of DL PRS as the start time for calculating physical layer latency. If the UE is expected to measure DL PRS resource outside the active BWP or with a numerology different from that of the active BWP, the UE needs a measurement gap. As specified in rel16, the UE only measures DL PRS resources when measurement gap is configured. Therefore, we propose to adopt Alt1 as the start time for physical layer latency.
Proposal 1:   For physical layer latency of UE-based method, select Alt1 as the start time when PDSCH carrying LPP request location is not appliable.  

Considering RRC measurement gap request as the start time, the physical layer latency for UE-based positioning is analyzed as in the following table:
	Component
	Description
	Value range

	1
	Start trigger: UE sends RRC Location measurement indication
	10ms RRC processing delay

	2
	gNB sends RRC measurement gap configuration
	10ms: RRC reconfiguration delay

	3
	DL PRS reception and measurement
	Minimum value is 20ms + 1ms
DL PRS periodicity can be 4, 5, 8, 10, 16, 20, 32, 40, 64, 80,160, 320,640, 1280, 2560, 5120 or 10240ms. However, the measurement gap periodicity can be 20, 40, 80 or 160ms
Processing time depends on the UE capability. Assume extra 1ms is needed for the UE to finish measurement


	4
	UE completes location calculation
	3 ms

	Total latency:
	44ms 


Positioning Accuracy and Latency Requirement
Regarding the requirement of positioning accuracy and latency, we reached the following agreement in RAN1#101-e meeting:
	[bookmark: _Hlk53088966]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])


There was extensive discussion on that issue to resolve those values in bracket in RAN1#102-e. However, unfortunately, we did not reach a conclusion. For both commercial uses cases and IIoT use cases, we prefer to select 90% of UEs as performance target.  
In RAN1#101-e, we agreed to use InF-SH and InF-DH with modified cluster parameter as the baseline scenario for performance evaluation in Rel17 positioning.  According to the evaluation, in InF-SH scenario, horizontal accuracy of 90% UE can be close to 0.2m but the in InF-DH scenarios, the achievable horizontal accuracy is much larger than 1m of 90% UEs even with modified cluster parameters.  We prefer to choose a non-over-optimistic value for the horizontal accuracy and thus 0.2m is preferred. Regarding vertical positioning accuracy, 1m is preferred.
Regarding the end-to-end latency for positioning estimation, first of all, we think it is better for RAN2 to decide it because it will involve more about the higher layer signaling. Furthermore, among those values in bracket, 100ms is preferred since physical layer latency could be ~50ms according to our analysis. 
Regarding the physical layer procedure, the major latency is contributed by RRC processing of measurement gap and the periodicity of measurement gap. According to 38.311, the RRC processing latency is 10ms. The shortest periodicity of measurement gap is 20ms. There seems not much room left for us to further reduce those latency.  Therefore, we shall select a relatively loose/realistic target requirement for physical layer latency and 25ms is preferred.  
Therefore, we propose the positioning performance requirement for IIOT use cases is horizontal positioning accuracy <0.5m for 90 UEs which can be achieved in InF-SH scenario but not in InF-DH scenario.
Proposal 2: Propose to adopt the following performance requirement for Rel-17 positioning: 
	· 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 (< 3 m) for 90% of UEs
· End-to-end latency for position estimation of UE (< 100 ms)
· Physical layer latency for position estimation of UE (< 25 ms)
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy (< 0.5 m) for 90% of UEs
· Vertical position accuracy (< 1 m) for 90% of UEs
· End-to-end latency for position estimation of UE (<100ms)
· FFS: Physical layer latency for position estimation of UE (< 25ms)



Network Efficiency

For evaluating network efficiency, we agreed in RAN1#102-e meeting that PRS/SRS resource utilization is the metric but the details on how to define resource utilization is FFS.
	Agreement:
PRS/SRS resource utilization is the metric used to evaluate network efficiency
· FFS: what is included in resource utilization, e.g. PRS/SRS/MG configurations, beam sweeping assumptions


There are generally two alternative methods to evaluate the resource utilization of DL PRS:
· Alternative 1: the ratio of OFDM symbols where DL PRS resources are transmitted.
· Alternative 2: we consider the configuration of measurement gap and the resource overhead for PRS resource reception is calculated as the overhead of measurement gap.
In the first alternative, the symbols where DL PRS resources are transmitted are considered as the resource overhead for DL PRS resource. That is calculated as the ratio of OFDM symbols where DL PRS resources are transmitted. Assume the configuration of DL PRS in one frequency layer are:
·  TRPs
·  sets of DL PRS resources from each TRP.
· In each set, there are  DL PRS resources and each PRS resource occupies  symbols and is configured with  repetitions
· The comb value is . Assume PRS from  TRPs are multiplexed in the same symbols with different RE offset.
· The slot periodicity of DL PRS is 
Then the resource utilization of DL PRS can be calculated as:


In the second alternative, we consider the measurement gap as the resource overhead for DL PRS reception. The UE can measure DL PRS resource outside the active BWP or with a numerology different from that of the active BWP. Furthermore, as specified in rel16 UE feature, measurement gap is necessary for a UE to receive and process DL PRS resource.  During the measurement gap, the UE cannot receive and transmit the normal NR traffic. Thus we can consider all the radio resource within each measurement gap are ‘occupied’ by the NR positioning. The resource utilization can be calculated as:

Where  and  are the measurement gap repetition period and length of measurement gap respectively. As specified in rel16, the length of measurement gap can be : 1.5/3/3/5/4/5.5/6 ms and the periodicity of measurement gap can be 20/40/80/160 ms. Given that, the resource overhead for DL PRS reception are as follows: 
	measurement gap repetition period
	Overhead of resource for DL PRS: 1.5/3/3.5/4/5.5/6 ms length

	20ms
	7.5%   15%   17.5%   20%   27.5%   30%

	40ms
	3.75%    7.5%    8.75%   10%   13.75%   15%

	80ms
	1.875%    3.75%    4.375%    5%    6.8755    7.5%

	160ms
	0.9375%    1.875%    2.1875%    2.5%    3.4375%    3.75%



Considering the necessarity of measurement gap for a UE to receive DL PRS, the second alternative for calculating resource overhead of DL PRS is preferred.
Proposal 3: The resource overhead for DL PRS resource reception is calculated as the length of measurement gap / the repetition period of measurement gap.

To evaluate the resource utilization of SRS for positioning, the ratio of symbols used to transmit the SRS resource can be used as the metric.  Assume a UE is configured with the following SRS resource for positioning:
·  sets of SRS resource for positioning.
· In each set, there are  SRS resources and each PRS resource occupies  symbols. 
· Assume those SRS resources are allocated in different slots or different symbols. 
· The slot periodicity of SRS is 
Thus, the overhead of SRS resource for positioning is:

Proposal 4: The resource overhead for SRS resource positioning is calculated as the ratio of symbols used to transmit SRS resource for positioning.

3. Conclusion
In this contribution, we presented our views on a few remaining issues on evaluation methodology for NR positioning enhancement and the following proposals are provided:
Proposal 1:   For physical layer latency of UE-based method, select Alt1 as the start time when PDSCH carrying LPP request location is not appliable.  
Proposal 2: Propose to adopt the following performance requirement for Rel-17 positioning: 
	· 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 (< 3 m) for 90% of UEs
· End-to-end latency for position estimation of UE (< 100 ms)
· Physical layer latency for position estimation of UE (< 25 ms)
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy (< 0.5 m) for 90% of UEs
· Vertical position accuracy (< 1 m) for 90% of UEs
· End-to-end latency for position estimation of UE (<100ms)
· Physical layer latency for position estimation of UE (< 25ms)


Proposal 3: The resource overhead for DL PRS resource reception is calculated as the length of measurement gap / the repetition period of measurement gap.
Proposal 4: The resource overhead for SRS resource positioning is calculated as the ratio of symbols used to transmit SRS resource for positioning.
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