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1 Introduction
In RAN1 #102-e [1], the following agreements were reached with regards to the evaluation scenarios for positioning. In this paper, we provide our views with regards to a main remaining point with regards to the evaluation of DL/UL PRS frequency domain stitching: 
	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


2 “Start Time” in PHY-layer latency evaluation for UE-Based methods 
There were 3 alternatives written in the previous agreement with regards to the start time of the PHY-layer latency evaluation for UE-based methods. We make the following observations:
· For a  UE in RRC connected state and UE-based initiated by an internal client, the UE needs to request MGs in NR Rel-16. Such request should be considered as part of the PHY-layer latency discussions because it includes request towards the serving cell which can be optimized in several ways with solutions that can be, at least partially, within RAN1 scope (e.g., DCI or MAC-CE MG request vs. RRC-based MG request, or PRS processing without MG). 
· Therefore, for such scenario Alt. 1 makes sense
· For a UE in RRC Idle/Inactive and UE-based imitated by an internal client, there is no need of MGs in NR Rel-16. Also the assistance data will be received through the already specified feature of broadcast of assistance data.
· Therefore, for such scenario Alt. 3 makes more sense
Proposal 1: With regards to the “start time” of the PHY-layer latency for UE-based method initiated by an internal client, 
· For a UE in RRC connected state, Alt 1 should be considered as the start time
· For a UE in RRC Idle/inactive state, Alt. 3 should be considered as the start time
3 Phase Offset/Ramp Modelling for Frequency Domain stitching 
The following agreement was made with regards to the study of frequency domain stitching in DL or UL: 
	Agreement:
· Aggregating multiple DL positioning frequency layers of the same or different bands for improving positioning performance for both intra-band and inter-band scenarios will be investigated in Rel-17, which may take into account at least the following
· The scenarios and performance benefits of aggregating multiple DL positioning frequency layers
· The impact of channel spacing, timing offset, phase offset, frequency error, and power imbalance among CCs to the positioning performance for intra-band contiguous/ non-contiguous and inter-band scenarios
· UE complexity considerations
· Note: What is captured in the TR will be discussed separately.

Agreement:
Simultaneous transmission by the UE and reception by the gNB of the SRS for positioning across multiple CCs and multiple slots can be investigated in Rel-17, which may consider 
· The scenarios and performance benefits of the enhancement
· The impact of channel spacing, TA and timing offset, phase offset, frequency error, and power imbalance across slots or CCs to the positioning performance for intra-band contiguous/ non-contiguous and inter-band scenarios 


With regards to the modelling of RF-related effects resulting from timing offset, or phase offset or frequency error, we make the following assumptions. 
· Phase Offset can exist at the transmitter side or the receiver side between the positioning frequency layers (PFLs) that are being coherently concatenated. This could happen for example because the 2 PFLs may be transmitted from a different PA.  It is generally expected that different gNBs may have different transmitter phase offsets between the PFLs that they are transmitting, whereas at the receiver side, depending on the time-domain overlap of the PFLs, there may be a common phase offset applied.  For the purpose of determining a first-order sensitivity to the phase offset between the concatenated PFLs, we use the following simplified modelling to identify the sensitivity to the phase offset between the multiple PFLs:
· For each link and each additional PFL, introduce a random phase offset drawn from a uniform distribution  with respect to a 1st PFL in the corresponding scenario.
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· If there is no gap between the aggregated layers, concatenate the multiple Channel Frequency Responses (CFRs) before the IFFT operation. If there is a non-trivial gap between the frequency layers, different algorithms were employed:
· Put zeros in the frequency domain gap before the FFT operation and perform a large IFFT operation using the concatenated CFR, or 
· Perform a first TOA Estimation using a non-coherent averaged version of the CERs, derive a first TOA estimate and then use that estimate to reduce the search window of the coherently aggregated CFR. 
Proposal 2: At least of the purpose of modelling the effect of phase offset between two PFLs, consider a uniformly distributed phase offset being added in the 2nd PFL with respect to the 1st PFL.
With regards to the channel spacing gap between the aggregated PFLs, we suggest to leave it up to each company to describe an algorithm being used to handle any negative effects of the gap to the position estimation performance.
Proposal 3: At least of the purpose of modelling the effect of channel spacing between two PFLs, 
· consider simulating a range of gaps starting from ~1 MHz, to even up to tenths of MHz. It is up to each company to provide the values of gaps being considered. 
· No need to have an agreed/common algorithm on how to process the scenarios of PFL aggregation with frequency-domain gaps; companies are encouraged to provide a description of the algorithm used. 
For scenarios of unknown time-drift between the aggregated PFLs (e.g. inter-band scenarios, or PFLs that are not close in time), again, one can consider such errors to be happening at both the gNBs and the UEs. In the example below we show a case that the 2nd PFL (yellow) is actually later in time compared to the 1st one (blue). Due to the time-domain distance between the PFLs, the time-drift existing in both the gNBs and the UE would result into a variable phase between applied to each subcarrier which can be modeled with a “phase slope” parameter (“R”), which attempts to capture the relative clock drift between the gNB and the UE: 
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Proposal 4: At least for the purpose of modelling the effect of time drifts between two PFLs, consider defining a phase slope parameter that controls the amount of phase ramp being added in the subcarriers of the 2nd PFL with respect to the 1st PFL.
4 PRS/SRS resource utilization 
The following agreement was reached previous meeting with regards to PRS/SRS resource utilization. 
	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



With regards to PRS processing in NR Rel-16, the UE in RRC connected state is expected to request a MG in order to process the PRS resources. A PRS instance may span smaller set of resources than the agreed measurement gap patterns, so at least for the purpose of PRS processing for UEs in RRC connected state, one should include the effect of MG length to determine the PRS utilization. 
Proposal 5: With regards to PRS resource utilization, for PRS processing with MG, the overhead caused by the chosen MG configuration should be considered, e.g. for a given PRS configuration, define the PRS usage as the smallest supported MG length which contains all the PRS resources of an instance. 
5 Conclusions
We make the following Proposals:
Proposal 1: With regards to the “start time” of the PHY-layer latency for UE-based method initiated by an internal client, 
· For a UE in RRC connected state, Alt 1 should be considered as the start time
· For a UE in RRC Idle/inactive state, Alt. 3 should be considered as the start time

Proposal 2: At least of the purpose of modelling the effect of phase offset between two PFLs, consider a uniformly distributed phase offset being added in the 2nd PFL with respect to the 1st PFL.\

Proposal 3: At least of the purpose of modelling the effect of channel spacing between two PFLs, 
· Consider simulating a range of gaps starting from ~1 MHz, to even up to tenths of MHz. It is up to each company to provide the values of gaps being considered. 
· [bookmark: _GoBack]No need to have an agreed/common algorithm on how to process the scenarios of PFL aggregation with frequency-domain gaps; companies are encouraged to provide a description of the algorithm used. 

Proposal 4: At least for the purpose of modelling the effect of time drifts between two PFLs, consider defining a phase slope parameter that controls the amount of phase ramp being added in the subcarriers of the 2nd PFL with respect to the 1st PFL.

Proposal 5: With regards to PRS resource utilization, for PRS processing with MG, the overhead caused by the chosen MG configuration should be considered, e.g. for a given PRS configuration, define the PRS usage as the smallest supported MG length which contains all the PRS resources of an instance. 
6 [bookmark: _Ref450583331]References
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