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[bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Toc528341253]Introduction
One of the objectives of the SI described in [1] is to propose potential solutions for positioning based on the identified requirements and evaluation scenarios. The solutions should include at least NR-based RAT dependent positioning to operate in both FR1 and FR2 whereas other positioning technologies are not precluded.
This contribution proposes how to enable the necessary measurements on reference signals used for positioning that are transmitted (or received) within highly directional beams from (or at) different locations.

[bookmark: _Toc528341257][bookmark: _Toc473106403][bookmark: _Toc473290988][bookmark: _Toc474311529][bookmark: _Toc479008693][bookmark: _Toc479870188][bookmark: _Toc493767378]NR beam management to support multi-gNB-measurements for positioning
Most positioning schemes rely on measurements involving locally distributed infrastructure, i.e. multiple gNBs or multiple TRPs. This is for example the case for OTDOA and UTDOA relying on hyperbolic mulitlateration and in general for all positioning schemes (RTT-based multilateration, AoA-/AoD-based cross bearing, etc.) that are not single site (single gNB) solutions.
In NR, all signals including reference signals are being transmitted within complex beamforming schemes. This contribution discusses potential schemes how to combine UE-specific positioning reference signal transmission from multiple locations in both downlink and uplink directions by smart beam management. The strategy is to offer an extension of the current 3GPP Release-15 beam reporting scheme (see [2]) to facilitate DL and UL beam reporting in combination with positioning-related parameter reporting over multiple cells. The intention is to introduce minimum add-on to the existing framework in order to support the new multi-site coordination feature.
Observation 1: 	Positioning relies on coordinated and locally distributed RS transmissions and their measurements. In NR, solutions for coordinated multi-site beam management need to be considered as an enabler for positioning schemes involving different locations.

Figure 1 gives a basic overview showing multiple sites involved in the proposed beamformed positioning scheme. One positioning target UE is shown. The proposal is that the UE shall receive and evaluate SSB beams received from neighboring sites and deliver beam reports to a central instance (e.g. the serving g-NB or the LMF). Based on that, the central instance configures beams containing RS for positioning (containing CSI-RS or any new PRS to be designed for NR). The UE is configured accordingly to receive these beams. As a result, it is able to perform positioning measurements on received RS. The UE then reports these measurements to the LMF for position calculation (UE-assisted positioning architecture) or uses them on its own to determine its own position (UE-based mode).
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Figure 1 – Basic multi-site layout for positioning



Stepped approach supporting multi-TRP-downlink measurements
The following steps as summarized in Figure 2 suggest how the scheme for beam adjustment over multiple gNBs (TRPs) is organized to enable downlink positioning measurements (downlink TDOA and others) over multiple cells.
Proposal 1: 	Consider the scheme presented in Figure 2 as a solution  to establish beam coordination between locally distributed sites for the support of NR positioning measurements.

Note that, in principle, this scheme is general. Thus, it is also applicable to the case of performing positioning measurements in the uplink (UTDOA). Nevertheless, this section explains the procedure out of the DL perspective, while Section 4 explains modifications for measurements in the UL.
For the discussion, CSI-RS is considered to be suitable to serve as a positioning reference signal and is used as an example in the following explanations. Note that the proposed scheme is not restricted to CSI-RS, and instead CSI-RS can also be replaced by any other suitable reference signal such as a newly defined positioning reference signal for NR.
In the following description, the UE is assumed to be in RRC connected mode and the beam management procedure with the serving gNB (s-gNB) is accomplished (initial beam acquisition and beam refinement). 


Figure 2 – Procedure to enable beamformed positioning measurements over multiple cells

Signaling of SS/PBCH block resource settings of neighboring cells
Each SSB resource is transmitted by each neighboring n-gNB using a beamforming operation to achieve certain spatial coverage and is therefore associated with a downlink (DL) SSB transmission beam.
The s-gNB configures the UE via higher layer (RRC) with the SSB resource settings associated with neighboring gNBs (n-gNBs). This is shown in step 1 in Figure 2. Each configuration contains information on the time and frequency behavior of the SSB resources associated with the n-gNB. By configuring the UE with the SSB resource settings of the n-gNBs, the UE does not need to blindly detect the SS/PBCH block resources of the n-gNBs and the multi-site SSB detection complexity is reduced and the detection performance is improved.
Then, the s-gNB configures the UE with reporting settings to provide instructions to the UE on when and how to report measurement information on the configured SSB beams associated with the n-gNBs. The list of quantities the UE has to report follows the ReportQuantity as a part of the ReportConfig in [2]. In addition to the Rel. 15 definition, the UE would have to associate the report with an index of the gNB it is reporting about. It can also be considered to report either RSRP or SINR per SSB beam which is currently an active discussion in Rel. 16 (Enhancements on MIMO for NR).

UE measurements and actual reporting on received SSB beams over multiple gNBs
The UE performs the actual measurements on the DL SSB beams transmitted by the n-gNB, and the s-gNB. After the beam measurements, the UE provides a single or multiple beam report(s) to the s-gNB or to the location measurement function (LMF). The beam report contains a gNB identifier, a beam-identifier and a measure of the signal quality corresponding to the received DL beam associated with the configured SSB resource. As said above, the strength/quality measure may be the either RSRP or a SINR (as configured in step 2).
Proposal 2: 		Consider to measure and to report not only the SSB beams of the serving gNB, but also from neighboring gNBs that can be received by the UE and to use this information for further multi-site beam coordination.
Proposal 3: 	To enable SSB beam reporting over multiple cells, the report should contain information of the received SSB beams and the indices of the gNBs the SSB resources are associated with. The report quantity should be RSRP. It is subject to further study if SINR is useful in this context.

Coordination of CSI-RS over multiple cells
[bookmark: _GoBack]The LMF collects the information reported from UE beam report via the s-gNB. The s-gNB exchanges the information on the reported SSB beams from the UE with the surrounding n-gNBs via a Xn- interface assuming that the s-gNB and the n-gNBs are interconnected with each other or the LMF provides these information over the NRPPa protocol (between the location server/function and the gNBs).
In this way, the LMF or the s-gNB coordinates the CSI-RS resource configuration setting for the s-gNB and the n-gNBs (Step 4 in Figure 2 with option 1 and 2 according to two possibilities).
Each CSI-RS resource setting is then used at the s-gNB and the n-gNBs to generate a set of DL CSI-RS beams.
Proposal 4: 		Establish either the serving gNB or the LMF as a central instance that evaluates the beam report. The central instance finally decides on coordinated beams used for positioning RS transmission (e.g. CSI-RS or a new to be defined NR PRS) from the various cells.
Observation 2: 	Necessary amendments to protocols may need to be studied in RAN2.

Configuration of UE: CSI-RS configuration with respect to neighboring cells, UE Report Config
The s-gNB configures the UE with the one or multiple CSI-RS resource set configurations (step 5 in Figure 2).
The s-gNB configures one or several higher-layer CSI reporting settings to provide instructions to the UE on when to perform beam measurements and measurements on time-of-arrival (TOA), Reference Signal Time Difference (RSTD), or RTT of the configured CSI-RS resources and how to report these parameters. 
The configured reporting quantity contains the parameters related to positioning-based measurements such as TOA, or RSTD or RTT as well as RSRP and/or SINR. The exact parameter to be configured depends on the applied positioning method (like OTDOA or RTT). The UE may also report the set of TOA values relative to the first or strongest TOA value.
In addition to the above mentioned reporting quantities, the UE may also be configured to report the directional sector-of-arrival (SoA) a TOA estimate or a set of ToA estimates is associated with. The information about the SoAs may help to distinguish between ToAs received under Line-of-Sight (LOS) conditions and ToAs received under Non-Line-of-Sight (NLOS) conditions at the UE. Such a distinction may help the LMF to improve the position estimation. The SoAs may be distributed over a sphere and a correspondence of each SoA to a specific angular (azimuth and elevation) range in a local coordinate system of the UE may be assumed.
The SoAs may correspond to the angular coverage areas of the UE panels. For example, when the UE is equipped with 2 panels and the antenna array pattern of each panel covers a half-sphere (upper and lower half-sphere), the first SoA is associated with the upper half-sphere and the second SoA is associated with the lower half-sphere. Figure 2 shows exemplary the case of 2 SoAs which are projected to a plane.
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	Figure 2: A UE equipped with two panels, where the antenna array pattern of each panel covers a half-sphere.



The SoAs may also correspond to the angular coverage areas of the UE received (Rx) beams.
Proposal 5: 		In order to better distinguish between LOS and NLOS states for each TOA, feedback on SoA should be studied further.

UE measurement reporting
As step 7 of Figure 2, the UE performs positioning measurements (e.g. TOA, RSTD), on the received DL RS beams and provides a beam report according to the configuration of step 6 to the s-gNB. The beam report contains values of the beam-IDs along with the measurements.
For example, the beam report related to the configured CSI-RS resources may contain N sets for N beams using the CSI resource indicator (CRI) as beam indicator. Each set many contain several TOA values. The first TOA estimate may be associated with the strongest path component of the DL beam. The second TOA value may be associated with the second strongest path component of the DL beam and so on. 
If SoA is configured, the beam report may contain additional information on the received SoAs for each ToA estimate.

Calculation of UE position using TOA and angular information
The LMF uses the beam report provided by the UE to estimate the UE’s location (final step in Figure 2). For the location estimation, the LMF may use all the available measurement values like one or more TOA estimates associated with a single beam, the TOA estimates associated with multiple DL beams of each n-gNB, and in addition, the direction of departure (DoD) information (if available) about the beam direction of the transmitted CSI-RS (PRS) provided by each n-gNB.
Proposal 6: 		After established positioning beam coordination from multiple sites, the UE performs measurements and reports obtained results to the LMF. (Note: In case of an UE-based positioning architecture, it can process the measurement results on its own while being provided with necessary additional assistance data.)

Extension: Resource sharing of multiple UEs with similar SSB reporting
We assume that certain UEs in an area are configured following the above description. If other UEs report similar findings on DL-SSB beams in step 3, the LMF can identify which of the resource configurations and settings (already allocated DL-RSs for existing UEs) can be assigned to new arriving UEs as well. The UE reports the RSRP or SINR and quality of the selected beams and the LMF decides based on the report and required accuracy level if a set of the allocated resources can be used.
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Figure 2 – DL-RS similar reporting: UE1 had performed beam acquisition and refinement procedure, UE2 had a similar SSB report and the CSI-RS report with the other gNB match, UE3 reports that a subset of the CSI-RS can be used.

The beam management procedure can be performed by the following steps:
1. Steps (1-3)  are performed similar to the above procedure
2. The SSB Beam report for the target UE is correlates with another positioning UE or set of UEs who already have allocated positioning (CSI-RS) resources.
3. The LMF informs the target UE with the CSI-RS configuration for the n-gNBs allocated for a second UE
4. Based on the UE report and desired positioning accuracy the LMF can decide to commonly use a set of CSI-RS for multiple UEs
Observation 3: 	By taking into account reports on SSB beams from other UEs active in the same area, synergies are easily detected and exploited where UEs can share the same configured and coordinated beamformed positioning resources.

SRS configuration and beam report for UL positioning measurements
In addition to DL beam reporting, UL SRS beam sweeping may be used for uplink TOA (or RTT) estimation at the n-gNBs and the s-gNB. In order to facilitate UL SRS channel sounding, the s-gNB and n-gNB information (DL beam report based on UE measurements) may be used by the LMF (or by the s-gNB) for the UE’s SRS configuration. The SRS configuration may contain information on the number of SRS resources per each s-gNB and n-gNB as well as the time/frequency location and behavior of each SRS resource/SRS resource set. Each SRS resource of the SRS resource setting is associated either with the s-gNB or the n-gNB.
The s-gNB may configure the UE with a SRS resource setting containing one or more SRS resources used for generating UL SRS beam-based TDOA estimation. 
Each SRS resource to be transmitted by the UE may be configured with the higher-layer parameter spatialRelationInfo [2] that instructs the UE to reuse the spatial Rx filter used for the reception of a specific DL beam (indexed by CRI for a CSI-RS beam or SSB-ID for a SSB beam) for the association with a n-gNB for a corresponding uplink Tx beam transmission.
The parameter spatialRelationInfo of a SRS resource may also be configured with a beam-ID corresponding to a received DL beam from the s-gNB for a corresponding uplink Tx beam transmission with the s-gNB.
Based on the received UL SRS beams transmitted by the UE, each n-gNB may estimate a single or a set of TOAs which is/are associated with an UL SRS beam. The estimated TOA(s) along with the SRS beam-IDs and possibly an estimate of the direction-of-arrival (DoAs) of each path component associated to a TOA are reported to the s-gNB/LMF. The report is used at the LMF to estimate the UE’s position. 
Observation 4:	The above scheme can be used to establish multi-site beam coordination for both uplink- and downlink based positioning measurements (e.g. for DL- and UL-based TDOA and others).
[bookmark: _Toc528341272]Proposal 7: 		Performance aspects of the above scheme for multi-site beam coordination for positioning (e.g. link budget, resource usage, scalability) are FFS.

Conclusion
Observation 1: 	Positioning relies on coordinated and locally distributed RS transmissions and their measurements. In NR, solutions for coordinated multi-site beam management need to be considered as an enabler for positioning schemes involving different locations.
Proposal 1: 	Consider the scheme presented in Figure 2 as a solution to establish beam coordination between locally distributed sites for the support of NR positioning measurements.
Proposal 2: 		Consider to measure and to report not only the SSB beams of the serving gNB, but also from neighboring gNBs that can be received by the UE and to use this information for further multi-site beam coordination.
Proposal 3: 	To enable SSB beam reporting over multiple cells, the report should contain information of the received SSB beams and the indices of the gNBs the SSB resources are associated with. The report quantity should be RSRP. It is subject to further study if SINR is useful in this context.
Proposal 4: 		Establish either the serving gNB or the LMF as a central instance that evaluates the beam report. The central instance finally decides on coordinated beams used for positioning RS transmission (e.g. CSI-RS or a new to be defined NR PRS) from the various cells.
Observation 2: 	Necessary amendments to protocols may need to be studied in RAN2.
Proposal 5: 		In order to better distinguish between LOS and NLOS states for each TOA, feedback on SoA should be studied further.
Proposal 6: 		After established positioning beam coordination from multiple sites, the UE performs measurements and reports obtained results to the LMF. (Note: In case of an UE-based positioning architecture, it can process the measurement results on its own while being provided with necessary additional assistance data.)
Observation 3: 	By taking into account reports on SSB beams from other UEs active in the same area, synergies are easily detected and exploited where UEs can share the same configured and coordinated beamformed positioning resources.
Observation 4:	The above scheme can be used to establish multi-site beam coordination for both uplink- and downlink based positioning measurements (e.g. for DL- and UL-based TDOA and others).
Proposal 7: 		Performance aspects of the above scheme for multi-site beam coordination for positioning (e.g. link budget, resource usage, scalability) are FFS.
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