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Introduction
At the RAN#81 WG meeting, the final version of study item description document for NR Positioning was approved [1]. One of the objectives of the study item is to define evaluation methodology for NR Positioning studies. The major details of evaluation methodology were agreed at RAN1#94bis meeting.
In this contribution, we provide overview of remaining opens based on submitted contributions [[2], [13]] and provide tentative proposals for offline discussion.
Overview of Proposals on NR Positioning Evaluation Methodology
Baseline Reference Signals
Several companies discussed baseline reference signals to be used for NR positioning evaluations. The following alternatives are on the table:
Alternative 1:
· For DL
· FR1: LTE PRS
· FR2: TRS
· Note: Baseline PRS is assumed to be configured to each subcarrier within one RB to avoid large side correlation peaks
Alternative 2:
· For DL, use CSI-RS(TRS) in Table 1
· For UL, use SRS parameters in Table 2

Table 1: Description of baseline DL RS configurations (CSI-RS for tracking - TRS)
Option 1:
	Frequency Range
	FR1
	FR2

	TRS bandwidths
	System Bandwidth
	System Bandwidth.

	Comb factor
	4
	4

	Subcarrier offset
	0,1,2 or 3.
	0,1,2 or 3.

	Symbol positions in a burst of the CSI-RS for tracking
	(4,8), (5,9) or (6,10)
	Four different symbol positions.

	Slot offset
	Alt. 1. Same in all cells
Alt.2, Different in all cells (corresponding to ideal muting in LTE PRS simulations)
	Alternative 1: three different slot offsets {Allowing 12 beams + reuse 4 in combination with subcarrier offset and symbol positions}
Alternative 2: six different slot offsets {Allowing 12 beams + reuse 8 in combination with subcarrier offset and symbol positions}
Alternative 3: twelve different slot offsets {Allowing 12 beams + reuse 12 in combination with subcarrier offset and symbol positions}
Alternative 4: Different in all cells (corresponding to ideal muting in LTE PRS simulation)

	Number of CSI-RS for tracking configured in each cell (i.e. number of beams).
	1
	12

	Periodicity
	Flexible in the set {20, 40, 80, 160} ms
	Flexible in the set {20, 40, 80, 160} ms

	Burst length
	Two slots
	One slot

	Sequence
	Gold sequence according to NR specification for CSI-RS
	Gold sequence according to NR specification for CSI-RS

	Power boosting of TRS REs
	6 dB
	6 dB



Option 2:
	Parameter 
	Description

	PRS Sequence Generation
	NR PRS sequences are generated the same way as NR CSI-RS with the length-31 Gold sequence.

Note: Other approaches for NR PRS sequences are not precluded.

	PRS Transmission Pattern in a slot
	Adopt LTE PRS transmission pattern or modified LTE PRS transmission pattern as discussed in [3] as the baseline transmission pattern for NR PRS.

Note: The number of PRS REs per PRS RB is fixed to 2 in LTE PRS mapping pattern. For NR OTDOA simulation, other numbers of PRS REs per PRS RB is not precluded.

	PRS Beam Sweeping Pattern
	Whether and how to consider the PRS beam sweeping pattern should be discussed and defined in simulation assumptions, e.g., the transmission pattern of NR SSB defined for the corresponding subcarrier spacing is used.


	Number of consecutive PRS slots in one occasion
	Consider defining the PRS durations as baseline simulation parameters, which may be PRS bandwidths dependent, e.g., 1 slot (e.g., for bandwidth > 5 MHz) and 6 slots (e.g., for bandwidth = 5MHz) 

	Number of PRS antenna ports
	1 port (baseline)
2 ports (optional)

Notes: 
LTE PRS is transmitted on a single antenna port only. NR PSS/SSS/PBCH DM-RS are also transmitted with a single antenna port

	PRS Transmission Periodicity
	[80 or 160]ms

	Cell Planning 
	Allow PCI planning for macro and small cells, which minimizes the overlapping of the PRS transmission between the neighboring cells.

	PRS Power Boosting
	PRS is transmitted with the maximum BS transmission power evenly distributed in all PRS REs in a PRS symbol. 


	PRS muting 
	(Optional) If PRS muting pattern is used, it should be indicated.


	Duplex Modes
	FDD

	Cyclic Prefix
	Normal

	DRX
	OFF

	Number of UE receive antennas
	2

	PRS transmission and measurement bandwidth
	Full system bandwidth

	PDSCH transmission
	There is no transmission of other DL channels, except the PRS, in PRS OFDM symbols.


	RSTD report quantization
	Not specified (e.g., no need to follow RSTD report quantization requirement defined for LTE).



Table 2: Description of baseline UL RS configurations (SRS in FR1 and FR2)
Option 1:
	Bandwidth
	Maximum Bandwidth

	Comb factor
	4

	Frequency Hopping pattern
	No hopping

	Numerology
	All

	No. of symbols
	1, 2, 4

	Slot periodicity
	all possible values

	Slot offset
	all possible values

	SRS ports
	1


Option 2:
	Parameter
	Description

	
	FR1
	FR2

	Number of SRS RBs
	48RBs (288 sequence length)
	N*48 RBs (N*288 sequence length); N=[5]

	SRS TX periodicity
	10 slots
	10 slots

	Number of SRS transmission per UL-RTOA measurements
	100
	25

	Number of SRS OFDM symbols per SRS TX
	1
	4

	Group or sequence hopping
	Neither
	Neither

	Frequency hopping
	No
	No

	SRS power control
	FFS
	FFS

	UL loading and interference 
	FFS
	FFS

	UL RTOA Quantization error 
	Not defined (e.g., no need to follow UL RTOA report quantization requirement defined for LTE).
	Not defined (e.g., no need to follow UL RTOA report quantization requirement defined for LTE).



Proposal for discussion / consensus
Discuss the motivation to introduce baseline reference signals for NR positioning evaluations
If it is agreeable to define baseline reference signals, down-select options from Table 1 (DL) and Table 2 (UL) above


Offline consensus: Capture the following conclusion:
Continue discussion on reference signals as a part of design options. Reference signal parameters are to be provided by proponents.

Modifications Channel Models for System Level Evaluations
The following modifications were proposed to system level channel modeling: 
Enforce the first cluster of NLOS model to the LOS direction ϕLOS,AOA and θLOS,ZOA similar to procedure applied for LOS case in in TR38.901
Apply reduced K-factor for LOS model
Add appropriate NLOS error assumption for NR positioning evaluation.

Proposal for discussion / consensus
Discuss and decide on the following proposals
· For NLOS channel model, enforce the first cluster to the LOS direction ϕLOS,AOA and θLOS,ZOA similar to procedure applied for LOS case in in TR38.901
Beside (or alternatively to) the LOS channels as defined by TR38.901 at least a LOS channel with reduced K-factor (Proposal: KF_mu = [-3dB], KF_std = [3dB]) shall be evaluated.
· Add appropriate NLOS error assumption for NR positioning evaluation.

Offline Consensus - Capture the following conclusion:
RAN1 observes that there is a potential discrepancy in NLOS channel model given that the first ray corresponds to the propagation delay but does not correspond to LOS direction between transmitter and receiver. The following options were discussed to address this:
· Option 1: For NLOS channel model, enforce the first cluster to the LOS direction ϕLOS,AOA and θLOS,ZOA similar to procedure applied for LOS case in in TR38.901
· Option 2: Add additional delay for NLOS channel model
If there is no consensus to modify channel model using one/or both of the above options at the next meeting, the existing channel model description in TR 38.901 is to be used for NR positioning evaluation.

Modification Evaluation Scenario Parameters
The following additional modifications and clarifications were proposed to NR positioning evaluation scenarios.
Proposal for discussion / consensus
Discuss and decide on the following proposals
· Assume 1 TXRU per polarization per panel for all scenarios agreed in RAN1#94bis (UMi and Indoor for both FR1 and FR2, and UMa FR1).
· When UE has 2 panels, one of the panels is selected for each UE to gNB link. The selection is based on maximizing the average channel gain based on the long-term statistics of the channel. Multiple panels on a gNB can be treated as a single large panel with Tx power equal to the sum of the per panel Tx powers.
· Adopt ‘Ceiling-mount’ configuration of Table A.2.1-7 of TR38.802 for FR2 indoor office gNB antenna radiation pattern, with antenna panel facing downwards from the ceiling (i.e., orientation angle beta of TR38.901 is 90 degrees).
· Add ISD = 1732m to UMa evaluation scenario (i.e. Scenario 3)
Conclusion: No consensus.
Baseline Algorithms
Several companies discussed the possibility to introduce baseline algorithms for NR positioning evaluations including algorithms for estimation of signal location parameters and positioning algorithms.
Proposal for discussion / consensus
Discuss motivation to define baseline algorithms as a part of NR Positioning evaluation methodology
RAN1 to select between one of two options:
· Baseline algorithms are introduced / defined as a part of NR Positioning evaluation methodology at RAN1#95
· Baseline algorithms are not introduced / defined as a part of NR Positioning evaluation methodology
· Interested companies are encouraged to perform alignment of algorithms in offline work
Conclusion: No consensus.

Link Level Evaluation Assumptions
Several companies have expressed interest to define link level evaluation assumptions for NR positioning studies. In particular, the following channel modelling proposals are on the table for link level analysis: stochastic and CDL channel models based on the TR 38.901.

Proposal for discussion / consensus
Discuss whether to define link level evaluation assumptions
For link level evaluations, use omni-antenna element patterns at UE and gNB side
Down-select between the following two channel modeling options for link-level simulations
· Stochastic channel models in TR 38.901
· CDL channel models in TR 38.901 and parameters provided in Table 3

Table 3: CDL channel model for NR positioning link level evaluations
	Channel model
	Channel Model Type: 
CDL-A/B/C/D/E models
Possible DS values: {30, 100, 300} ns
ASA, ASD, ZSA, ZSD follow the values in sec 7.7.1 in TR 38.901 

Angles of TRP
AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, via applying uniform-distribution desired mean angle in subclause 7.7.5.1 in TR 38.901 accordingly.

Angles of UE
AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in subclause 7.7.5.1 in TR 38.901 accordingly.



Conclusion: No consensus. System level evaluation assumptions are considered sufficient.

Additional Link Level Performance Metrics
For NR positioning link level studies, the CDF of estimation error of signal location parameter (e.g. timing, AoA, AoD for elevation and azimuth, RSRP measurements, etc.) can be used. The CDF can be collected for given SNR point (or set of SNR points). The specific signal location parameter to choose is up to the proponent solution and should be indicated by proponent.
Proposal for discussion / consensus
The following link level performance metrics are used for NR positioning evaluations:
· CDF of signal location parameter estimation error for given SNR
· Mean/STD of signal location parameter estimation error vs SNR
· Note: Proponent to indicate signal location parameter and set of SNR points used for analysis

Conclusion: No consensus. System level evaluation assumptions are considered sufficient. Companies can provide CDF capturing the estimation error for parameters that are used for positioning evaluations.

Conclusions
In this contribution, we provided summary of submitted proposals on remaining aspects of NR positioning evaluation assumptions as well as the outcome of the offline discussion. We suggest RAN1 WG to review captured proposals with the reached offline consensus and make a decision.
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