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[bookmark: _Ref129681832]In RAN1#95 [1], the following candidate techniques were agreed for the study of downlink positioning. 
	Agreement:
The following candidate techniques are considered for study of DL positioning:
· Timing based techniques 
· Timing of arrival path(s)
· Phase difference based techniques
· Note: feasibility needs to be further assessed
· Angle-based techniques
· Downlink angle(s) of departure 
· Downlink angle(s) of arrival 
· Carrier-phase based techniques
· Note: feasibility needs to be further assessed
· Received reference signal power based techniques
· Cell ID and TRP related information (e.g. RS resource and/or resource set ID)



In addition, the following reference signal were identified for study to support downlink positioning.
	Agreement:
The following candidate reference signals were identified for DL positioning evaluation and are to be further studied
· NR CSI-RS (including TRS configuration)
· NR Synchronization Signals (SSBs)
· New DL positioning reference signals (DL PRS)



In this contribution, we provide details about OTDOA and downlink AOD, including needed measurements, reference signals, and beamforming constraints.
OTDOA
Principle of OTDOA
The principle of OTDOA is tri-lateration or multi-lateration. Additional details can be found in our contribution to RAN1#94b in [2]. 
One reference TRP is selected, and the time difference of arrival (TDOA) of other TRPs with respect to the reference TRP is used to derive the UE location. Usually, OTDOA requires  TRPs to solve the non-linear equations, where  is the number of dimension considered for the UE location (two or three). When more TRPs are involved in the location determination, the 2WLS algorithm [3], Taylor expansion [4], or particle swarm optimization (PSO) [5] can be used.  
Measurements to support OTDOA
In order to support OTDOA, a “time difference” measurement needs to be defined. Such a measurement already exists for LTE, and is specified in [6], Reference signal time difference (RSTD). This measurement can be reused with minor modifications as follows:
	Definition
	The relative timing difference between the neighbour cell j and the reference cell i, defined as TSubframeRxj – TSubframeRxi, where TSubframeRxj is the time when the UE receives the start of one subframe from cell j, TSubframeRxi is the time when the UE receives the corresponding start of one subframe from cell i that is closest in time to the subframe received from cell j.
For NR frequency range 1 or E-UTRA, the reference point for the RSTD shall be the antenna connector of the UE. For NR frequency range 2, RSTD shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. 

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency
RRC_CONNECTED inter-RAT



Proposal 1: Support RSTD measurement for OTDOA and update the definition as
	Definition
	The relative timing difference between the neighbour cell j and the reference cell i, defined as TSubframeRxj – TSubframeRxi, where TSubframeRxj is the time when the UE receives the start of one subframe from cell j, TSubframeRxi is the time when the UE receives the corresponding start of one subframe from cell i that is closest in time to the subframe received from cell j.
For NR frequency range 1 or E-UTRA, the reference point for the RSTD shall be the antenna connector of the UE. For NR frequency range 2, RSTD shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. 

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency
RRC_CONNECTED inter-RAT



For reporting, the following quantities specified in [7] should be reused:
· RSTD reference cell
· Reference signal quality
· Additional path information relative to the path timing used to determine the RSTD
· RSTD neighbour cell
· RSTD
· RSTD quality
· Additional path information relative to the path timing used to determine the RSTD
Proposal 2: Reuse the following reporting quantities for OTDOA
· RSTD reference cell
· Reference signal quality
· Additional path information relative to the path timing used to determine the RSTD
· RSTD neighbour cell
· RSTD
· RSTD quality
· Additional path information relative to the path timing used to determine the RSTD
If multiple reference signals for positioning are configured within a cell, e.g., for beam sweeping, UE may also need to report the ID of the reference signal for each one of the RSTD reference cell and RSTD neighbour cell, which is like PRS ID in [7]. However, since PRS or PRS ID for NR is not specified yet, the ID of the reference signal for positioning may be different from the current PRS ID. 
Proposal 3: Study PRS ID related reporting quantity in case multiple reference signals for positioning are configured for a cell.

Considerations on reference signal design
The PRS configurations agreed in LTE include multiple parameters such as EARFCN, PRS bandwidth, PRS configuration index, PRS ID, PRS muting information, number of consecutive DL subframes, number of CRS antenna ports, PRS occasion group, PRS hopping configuration. The PRS pattern within one subframe is fixed and shifted by PRS ID. 
For positioning, the RS should be a cell-level RS instead of a BWP-level RS so that the LMF does not have to be aware of the UE’s BWP specific parameters and that the neighbour cell transmitting the RS is transparent to any BWP change of the UE in the serving cell.
Proposal 4: Support PRS configuration on a per-cell basis. FFS a per-BWP basis.
In addition, since the PRS is at least configured by LMF via LPP/NRPP, the differentiation to the configuration of existing CSI-RS, which is by the serving gNB, does not support directly reusing the existing CSI-RS configurations. In this sense, a new DL RS for positioning is preferred. Meanwhile, the LMF can also configure SS/PBCH block as an alternative or assisting RS (as CRS in LTE) to the new DL RS.
Proposal 5: Support a new DL RS for positioning, and study the configuration method.
· Note: This does not preclude configuring SS/PBCH block for positioning as an alternative or assisting RS.
Given the diversity of scenarios where positioning is useful, and the wide range of frequencies where NR could be deployed, the PRS pattern within one slot should be configurable. The configured parameters should include bandwidth, frequency location, frequency domain density, time domain location, number of antenna ports, etc. The existing hierarchical structure as resource-setting, resource-set, and resource in the CSI framework is less efficient, while CSI-RS for mobility only supports single-symbol CSI-RS, and thus cannot fulfill the functionality of positioning. Therefore, we propose to consider a new configuration method to support the new RS for DL positioning. 
Proposal 6: Support flexible configuration of NR PRS for at least the following parameters:
· Bandwidth
· Frequency location
· Frequency domain density
· Time domain location
· Number of antenna ports

Impact on UE beamforming 
In FR2, the UE usually uses an analog beam to receive the DL signal to overcome the severe path loss. For positioning, the UE has to receive reference signals transmitted by neighbour gNBs to meet the accuracy and availability requirement. Thus, beamforming needs to be taken into account when designing OTDOA solutions. 
There are two aspects that need to be treated in the design of downlink positioning procedure. The first aspect is UE-gNB beam alignment. Unlike typical data transmission scenario where the UE maintains its RX beam with a serving gNB’s TX beam. For positioning, the UE needs to align its RX beam with a neighbour gNB’s TX beam. Beam-sweeping induces significant overhead and latency. 
The second aspect to consider is the limited number of simultaneous UE RX beams. For OTDOA positioning, RSTD is calculated by the UE after measuring the time difference of arrival of multiple RSs from multiple cells, which may be arriving in different directions. Considering the limitation in UE beamforming capability, the detailed RX beam information w.r.t each TRP should be reported to LMF so that LMF can accurately schedule each TRP’s transmission beam and time occasion.
In addition to the two aspects above, the positioning may also take advantages of the UE side multi panel measurements. More specially, UEs working in FR2 may have more than one panels, each panel has its own RF chain. Due to the difference in panel orientation, propagation channel and hardware implementation (e.g. panel-wise timing drifting), different panels may have different estimated TOA values corresponding to the same RS.  It would be beneficial for a UE to report the measurements in a panel-wise manner so that the LMF can use these additional information to enhance robustness and performance (e.g. to identify false alarm and missed detection, or identify NLOS scenario). 
Proposal 7: RAN to standardize a procedure to perform beamforming with neighboring gNBs.
Proposal 8: The impact of UE beamforming should be considered, including
· beam alignment
· UE beamforming capability
· panel-wise measurement reporting

2.5 Considerations on phase-based techniques
In RAN1#95, phase based techniques were discussed in [LGE R1-1812595] and [CATT R1-1812615], and both phase difference based techniques and carrier-phase based techniques were considered for further study.
In [LGE R1-1812595], the phase difference based technique exploits the phase difference of the channel frequency response (CFR) to provide a refined granularity for RSTD estimate compared to the level of the sampling period. To support phase difference calculation, regular PRS can be reused, and the calculation of RSTD based on phase difference is up to UE implementation and can be supported by an optional UE capability. Also the impact from multi-path should be evaluated even in case of LOS.
Frequency
Phase of CFR


In [8], the carrier-phase based technique exploits the difference within a wavelength of the carriers, while maintaining the integer ambiguity, i.e., ambiguity in terms of multiple wavelengths. Once the integer-ambiguity is resolved, the carrier-phase based techniques can provide an RSTD accuracy to support cm-level positioning, and the phase can be tracked based on multiple reports even if UE is in motion. To support carrier-phase based techniques, the UE has to implement additional PLL.
Both phase-based technique can provide a RSTD with high accuracy than the traditional OTDOA. However, under the current network synchronization requirement, which is assumed to be 50ns, the gain from the RSTD refinement is marginal. So we suggest to address the network synchronization issue before carrying out the discussion on phase-based techniques.
Observation 1: The gain from phase-based techniques would be compromised by the network synchronization error.
Proposal 9: Consider the network synchronization issue before discussing phase-based techniques.

Downlink AOD (DAOD)
Principle of DAOD
DL angle-based positioning is based on the AOD/ZOD estimation from multiple TRPs. The solution is composed of two steps:
· Angle measurement and reporting, and 
· Positioning calculation.
For angle measurement, beamformed DL RS can be transmitted in a beam sweeping manner. The UE can use a single Rx beam to derive the RSRP of each DL RS resource. The RSRP vector can be regarded as the fingerprint of the estimated angle. By comparing the measured RSRP vector to the fingerprints of all pre-stored angles, a maximum likelihood (ML) algorithm can be used to estimate AOD/ZOD.
A simple way to estimate AOD/AOA in FR2 is to exploit the relative beam gain for a given AOD/AOA angle. As shown in Figure 1, for a given group of beams (beams with index #1, #2 and #3 in this example), the relative beam gain, or beam gain envelop, depends on the AOD/AOD of the transmitted/received signal.  In the left part of Figure 1, the signal is assumed to have an AOD/AOA of 30 degree, which leads to a gain of -11dB, -5.3dB and 9dB for beam #1, beam #2 and beam #3 respectively. After normalization (to eliminate the unknown path loss), the relative gains of these three beams are shown in the right part of Figure 1 , which can be interpreted as the relative gain envelop for AOD/AOA of 30 degree. Hence, for a signal with unknown AOD/AOA, if similar beam-based measurements are available to gNB either by gNB measuring or by UE feedback, the AOD/AOA can be estimated by selecting the angle that has the best matched RSRP envelop with the these measurements.
[image: ]
[bookmark: _Ref533757905]Figure 1 AOD/AOA estimation based on relative beam gain
For positioning calculation, UE location can be estimated based on the AOD/ZOD measurements from various TRPs.

Measurements to support DAOD
To support DAOD, UE needs to measure RSRP for each DL RS resource, and report the RSRP based on some criteria. The existing CSI/BM framework, which is based on L1-RSRP, or existing mobility procedure, which is based on L3-RSRP can be considered.
Potential modifications or adaptation, can be further studied. For example, for downlink estimation, i.e. AOD estimation based on UE feedback, to minimize the UE beamforming uncertainty, it is preferred that the UE reports the beam quality measured with a fixed RX beam. Some restrictions on UE capability for positioning measurement, such as the impact on maximum number of CSI-RS resources for serving cell or neighbour cell measuring, should be studied.
Proposal 10: At least RSRP report is reused to support DAOD. FFS potential modification or adaptation for positioning purpose.

Considerations of reference signal design
The reference signal for DAOD should meet the following two requirements:
· The DL RS is transmitted in a beam sweeping manner from each one of the cells
· A mechanism is provided to ensure UE to receive all DL RSs from a cell with a fixed Rx beam
Therefore, from the RS design perspective, CSI-RS, SS/PBCH block, or the new DL RS for OTDOA can all be used for DAOD, and no additional DAOD specific RS is needed to be explicitly specified.
Proposal 11: No DAOD-specific RS to be defined: CSI-RS, SS/PBCH, and the DL RS designed for OTDOA can all be used for DAOD.

Conclusion
In this contribution, we present our view on the OTDOA and DAOD. Based on the discussion, we have the following observations and proposals:
Observation 1: The gain from phase-based techniques would be compromised by the network synchronization error.
Proposal 1: Support RSTD measurement for OTDOA and update the definition as
	Definition
	The relative timing difference between the neighbour cell j and the reference cell i, defined as TSubframeRxj – TSubframeRxi, where TSubframeRxj is the time when the UE receives the start of one subframe from cell j, TSubframeRxi is the time when the UE receives the corresponding start of one subframe from cell i that is closest in time to the subframe received from cell j.
For NR frequency range 1 or E-UTRA, the reference point for the RSTD shall be the antenna connector of the UE. For NR frequency range 2, RSTD shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. 

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency
RRC_CONNECTED inter-RAT


Proposal 2: Reuse the following reporting quantities for OTDOA
· RSTD reference cell
· Reference signal quality
· Additional path information relative to the path timing used to determine the RSTD
· RSTD neighbour cell
· RSTD
· RSTD quality
· Additional path information relative to the path timing used to determine the RSTD
Proposal 3: Study PRS ID related reporting quantity in case multiple reference signals for positioning are configured for a cell.
Proposal 4: Support PRS configuration on a per-cell basis. FFS a per-BWP basis.
Proposal 5: Support a new DL RS for positioning, and study the configuration method.
· Note: This does not preclude configuring SS/PBCH block for positioning as an alternative or assisting RS.
Proposal 6: Support flexible configuration of NR PRS for at least the following parameters:
· Bandwidth
· Frequency location
· Frequency domain density
· Time domain location
· Number of antenna ports
Proposal 7: RAN to standardize a procedure to perform beamforming with neighboring gNBs.
Proposal 8: The impact of UE beamforming should be considered, including
· beam alignment
· UE beamforming capability
· panel-wise measurement reporting
Proposal 9: Consider the network synchronization issue before discussing phase-based techniques.
Proposal 10: At least RSRP report is reused to support DAOD. FFS potential modification or adaptation for positioning purpose.
Proposal 11: No DAOD-specific RS to be defined: CSI-RS, SS/PBCH, and the DL RS designed for OTDOA can all be used for DAOD.
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