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Introduction
Work item on NR Positioning support was approved in [1]. The WID has objective to define (if necessary) physical layer procedures to support UE / gNB measurements:
	If necessary, define physical-layer procedures to support UE/gNB measurements for NR positioning [RAN1]


According to the agreement made at the last meeting the potential physical layer procedures to support UE/gNB measurements for NR positioning may include:
UE procedures for receiving DL PRS
	UE procedures for transmitting UL PRS
gNB procedures to support NR positioning measurements
In this document, we discuss procedures for NR Positioning. Our views on other NR Positioning aspects are provided in our companion contribution [2]-[4].
UE Procedures for DL PRS Reception
Relationship w/ DL PRS BWPs
At the previous RAN1 WG meeting, the following agreements were made with respect to configured DL BWPs and UE behavior in terms of DL PRS processing. The main discussion point here is whether UE is expected to process DL PRS signals outside of the BW of the configured DL BWPs in case of intra-frequency measurements.
	The DL PRS configuration provided to the UE is independent of the configured DL BWPs of the UE
For intra-frequency measurements:
· The UE is expected to measure the DL PRS resource outside the active DL BWP or with a numerology different from the numerology of the active DL BWP if the measurement is made during a configured measurement gap.
· Select from one of the following options for the measurement bandwidth
· Option 1: The UE measurement is within the DL BWP configuration
· Option 2: The UE can measure outside the DL BWP configuration
· FFS: Scenarios when measurements gaps would need to be configured. 
· When not configured with a measurement gap, the UE is only required to measure DL PRS within the active DL BWP and with the same numerology as the active DL BWP.


In our view, for intra-frequency case there is no motivation to process DL PRS signal outside of the BW of configured DL PRS BWPs. We assume that UE (interested in NR DL Positioning) will be configured with at least one DL BWP which is expected to be aligned with the configured DL PRS allocation in frequency and UE DL PRS processing BW capability (e.g. will be configured to the min(DL PRS BW, UE DL PRS processing BW capability)). In our view, mandating UE to process DL PRS outside of the configured DL BWPs will have larger impact on specification w/o clear advantages in terms of NR Positioning performance. One of the configured DL BWPs (e.g. associated with DL PRS) can be always aligned with NR DL PRS configuration parameters. If UE DL PRS processing bandwidth is less than the bandwidth of the configured DL PRS, gNB can configure the “positioning” DL BWP according to the UE processing capabilities.

Proposal 1: 
· For intra-frequency operation select Option 1: “The UE measurement is within the DL BWP configuration”
· For DL PRS processing, one of the configured DL BWPs is associated with DL PRS allocation
· UE processes NR DL PRS within DL BWP, associated with NR DL PRS

In order to process DL PRS, a UE (interested in positioning) may need to switch from active DL BWP to “positioning” DL BWP and back. The UE does not need to switch, if “positioning” DL BWP is allocated within active DL BWP.

Proposal 2: 
Assumptions of DL BWP switching are reused for DL PRS processing

In order to process DL PRS signals, UE is expected to be configured with measurement gap. UE is not expected to receive other DL channel / signals when it performs measurements of DL PRS signals.

Proposal 3: 
A UE is expected to be configured with measurement gap to process DL PRS
UE is not expected to receive other DL channel / signals when it performs measurements of DL PRS signals

Support of UE RX Beamforming
Under proper configuration of DL PRS Resources and DL PRS Resource Sets, a UE may train Rx beams and apply it for DL PRS reception, if it is capable, otherwise UE may use fixed RX beam. Subject to DL PRS Resource Set / Resource configuration, UE may select RX beam for each DL PRS Resource. In order to assist RX beam selection by UE, the following options were identified by RAN1 WG:
	For positioning purposes, to assist UE to perform Rx beamforming, consider one or more of the following options:
· Option 1: The DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving or neighboring cell.
· Discuss further which DL reference signal can be used (e.g., SSB, CSI-RS, DL-PRS).
· Option 2: The UE may perform a Rx beam sweeping on DL PRS resources which are transmitted with the same downlink spatial domain transmission filter.
· Option 3: The UE may use a fixed Rx beam to receive DL PRS resources which are transmitted with different downlink spatial domain transmission filter. 
· FFS: Whether this option can be achieved by Option 1
· FFS on specification impacts.


Regarding quasi-collocation, we think it is beneficial to indicate it to UE. These aspects are discussed in more details in the next sub-section of this contribution.

Proposal 4: 
Confirm Option 1 – The DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving or neighbouring cell

Regarding Option 2, we assume that at least for periodic DL PRS Resources, a UE should be allowed to switch RX beam over different transmission periods. Therefore Option 2 should be also supported. We assume the main open question here is whether it should be possible to configure UE with DL PRS Resource Sets, where DL PRS Resources are multiplexed in time and transmitted with the same downlink spatial domain transmission filter antenna port. This aspect is discussed in more details in our companion contribution [2].
Regarding Option 3, as well as overall UE RX beam sweeping behavior in our view many details of the UE RX beam sweeping can be left up to UE implementation including all procedures on whether and how to select UE RX beam.

Proposal 5: 
UE RX beam-sweeping procedures during DL PRS reception are left up to UE implementation
i.e. procedures whether and how to select UE RX beam for DL PRS reception are not specified
RAN1 assumes that for each DL PRS Resource, a UE may select different RX beam and establish association between DL PRS Resources and UE RX beams
	i.e. association of DL PRS Resources with UE RX beams is up to UE implementation including the case when single RX beam is associated with multiple DL PRS Resources

DL PRS Quasi-Collocation Aspects
DL PRS can be associated by means of quasi-collocation with other reference signals (e.g. NR Rel.15/16). For that purpose, quasi-collocation signaling can be used. In terms of quasi-collocation signaling the following can be proposed for operation in FR1 and FR2:
Table 1: DL PRS QCL for FR1
	Target RS
	DL RS – 1
	QCL type – 1

	DL PRS
	SSB
	QCL type C

	
	CSI-RS for Tracking
	QCL type A

	
	DL PRS
	QCL type A


Note: QCL type A: Doppler shift, Doppler spread, average delay, delay spread; QCL type B: Doppler shift, Doppler spread; 
QCL type C: Average delay, Doppler shift.
Table 2: DL PRS QCL for FR2
	Target RS
	DL RS – 1
	QCL type – 1
	DL RS – 2
	QCL type – 2

	DL PRS
	SSB
	QCL type C
	SSB
	QCL type D

	
	
	
	CSI-RS for BM
	QCL type D

	
	CSI-RS for Tracking
	QCL type A
	CSI-RS for Tracking
	QCL type D

	
	DL PRS
	QCL type A
	
	


Note: QCL type A: Doppler shift, Doppler spread, average delay, delay spread; QCL type B: Doppler shift, Doppler spread; 
QCL type C: Average delay, Doppler shift; QCL type D: Spatial Rx parameters.
Based on analysis for tables above, we have following proposal:
Proposal 6: 
· DL PRS Resource(s) within DL PRS Resource Set can be configured as quasi-collocated with each other using QCL Type-A, if applicable
· DL PRS Resource(s) within DL PRS Resource Set can be configured as quasi-collocated with CSI-RS for tracking (TRS) using QCL Type-A and/or QCL Type-D, if applicable
· DL PRS Resource(s) within DL PRS Resource Set can be configured as quasi-collocated with CSI-RS for beam management (BM) using QCL Type-D, if applicable
· DL PRS Resource(s) within DL PRS Resource Set can be configured as quasi-collocated with SSB (SSB index) using QCL Type-C and/or QCL Type-D, if applicable

DL PRS Configuration (UE- and Cell-Centric Resource Allocation)
For NR positioning (especially for operation in FR2), two types of DL PRS resource allocation may be desirable depending on use case and scenario.
Cell-Centric DL PRS Resource Allocation
The cell-centric DL PRS Resource Allocation targets support of all UEs interested in positioning services and is not optimized in terms of DL signaling and PRS allocation towards specific UE. Oppositely it targets to serve all UEs in the cell and is supposed to have all DL PRS Resources configured comparing to UE-Centric. For Cell-Centric DL PRS Resource Allocation UE is supposed to process at least subset of configured DL PRS Resources and provide feedback report aiming to construct UE-Centric DL PRS Resource Allocation.
UE-Centric DL PRS Resource Allocation
The UE-Centric DL PRS Resource Allocation assumes that UE has provided feedback to network based on processing of Cell-Centric DL PRS Resources or Rel.15 legacy signals such as SSB or CSI-RS for BM. The UE feedback may be used to construct UE-Centric DL PRS Resource configuration. This type of operation may be beneficial to reduce UE processing complexity and measurement delay given that only subset of Resources may be configured and monitored by the UE.
UE-Centric DL PRS Measurement Report
In case of Cell-Centric DL PRS Resource Allocation, the UE-Centric operation in terms of measurements and reporting can be controlled through configuration of UE-Centric DL PRS Measurement Report that will request UE to do measurements on subset of Cell-Centric DL PRS Resources.
If there is no Cell-Centric DL PRS Resource Allocation provided by network, UE can be configured with UE-Centric DL PRS Resource Allocation. The main benefit of this approach is to reduce overhead of DL PRS Resource allocation aiming to provide service to specific target UEs.

Proposal 7: 
NR Positioning supports configuration of Cell-Centric DL PRS Resource Sets and Resources
NR Positioning supports configuration of UE-Centric DL PRS Resource Sets and Resources
NR Positioning supports UE-Centric DL PRS Measurement Report to request measurements on subset of Cell-Centric DL PRS Resources or UE-Centric DL PRS Resources

UE Assistance Information for UE-Centric Resources or Measurement Report Configuration
For Construction of UE-Centric DL PRS Resource Allocation or DL PRS Measurement Report (DPMR) UE may provide the following information to network / location server:
Cell ID
SSB index (e.g. corresponding to max SS-RSRP value)
CSI-RS Resource ID (e.g. corresponding to max L1-RSRP value)
UE location information (e.g. if UE has a-priori knowledge of it coordinates)
UE TX-RX Measurement based on Rel.15 reference signals 
Recommended DL PRS Resources (Resource IDs) based on processing of Cell Centric DL PRS Resources

Proposal 8: 
For construction of UE-Centric DL PRS Resource Sets (or configuration of UE-Centric DL PRS Measurement Report), UE may be requested to provide at least the following assistance information
Cell ID
SSB index (e.g. corresponding to max SS-RSRP value)
CSI-RS Resource ID (e.g. corresponding to max L1-RSRP value)
UE location information (e.g. if UE has a-priori knowledge of it coordinates)
UE Tx-Rx time difference based on Rel.15 reference signals
Recommended list of DL PRS Resources (IDs) based on processing of Cell-Centric DL PRS Resources

DL PRS Measurement Reporting
The time and frequency resources that can be used by the UE to report measurements are controlled by the gNB. The UE is expected to be configured with DL PRS Measurement Report that will instruct UE to perform measurements on indicated DL PRS Resources. More discussion on details of UE measurements is provided in our companion contribution [4].

DL PRS Multiplexing with Other DL Signals/Channels
During the study item phase on NR positioning, RAN1 made the following agreement with respect to DL PRS Resource allocation: 
	Dedicated NR DL PRS resources - time-frequency grid at resource block level 
· PRS transmitted in one cell may or may not collide with PRS transmissions in other cell
· e.g. frequency vShift/comb-offset is the same or different for two different PRSs in the same RB
· There is no data/control transmission in time-frequency grid of dedicated NR-DL PRS resources
· FDM multiplexing with other signals at RE level inside of PRS time-frequency grid is precluded


Our understanding of the agreement above, is that DL PRS resources are allocated from system perspective and there is no other transmissions in dedicated DL PRS resources other than DL PRS transmissions.

CORESET and SIB1 Considerations
UE shall not expect to be configured with DL PRS over the symbols during which the UE is also configured to monitor the CORESET. The UE is not expected to receive DL PRS and message in the overlapping PRBs in the OFDM symbols where SIB1 is transmitted.

Proposal 9:  
UE is not configured with DL PRS over the symbols during which the UE is also configured to monitor the CORESET
UE is not configured to receive DL PRS and SIB1 message in the overlapping PRBs in the OFDM symbols where SIB1 is transmitted
DL PRS Resource / Resource Set configuration does not affect UE rate matching behaviour for DL PRS reception which is indicated separately

UE Procedures for UL SRS Transmission
UL SRS (PRS) Transmission
Two UE behaviours in terms of UL SRS (PRS) transmission can be considered in uplink:
Behavior 1: UL SRS(PRS) beam sweeping, including transmission with the fixed beam
· This mode of operation does not require any DL PRS transmission
Behavior 2: UL SRS(PRS) transmission with the TX beam based on association with DL PRS Resources (SSB or CSI-RS)
· This mode of operation assumes that UE has already processed preconfigured DL PRS Resource Sets. Given that this mode requires DL and UL processing it is discussed in the next (DL+UL) section.
The Mode-1 can be used to support UL-TDOA NR Positioning technique. This mode does not assume any UE pre-processing step to initiate UL SRS (PRS) transmission. In this mode, UE is expected to be configured with the UL SRS (PRS) Resource Set and follow pre-configuration settings for uplink transmission.

Proposal 10:  
NR supports UE beam-sweeping for UL SRS (PRS) transmission across different UL SRS(PRS) Resources
NR supports gNBs UL RX beam sweeping to establish association between UL SRS Resources (UL TX beams) and DL RX beams that can be further associated with DL PRS Resources
NR supports association of UL SRS (PRS) Resources and DL PRS Resources for UL-TDOA support
i.e. UL SRS (PRS) Resources are associated with DL PRS Resources

Timing Advance for UL SRS (PRS)
The UE TA behavior for UL-TDOA and RTT is one of the open items for discussion. There are different options to be considered as it was agreed at the previous meeting:
	For positioning purposes, with regard to the UL SRS transmission timing, at least the following options have been identified:
· Option 1: No adjustment is made to the configured TA. That is, support only a TA configuration which is based only on the serving cell (i.e., the TA value applied to the corresponding UL symbol is the same as the latest TA for regular UL symbols).
· Option 2: The configured TA can be adjusted for the purpose of transmitting UL SRS intended to a neighboring cell. The adjustment value can be provided by the UE to the network upon request.
· Note: The adjustment value is not needed to be known at the measuring cell for the purpose of UL-AoA measurement
· Option 3: The configured TA can be adjusted for the purpose of transmitting UL SRS intended to a neighboring cell. The adjustment value is provided by the network to the UE.



In our view, Option 1 is the simplest option and should be supported for NR positioning. It will simplify timing estimation procedure and have similarity with communication framework so that no additional UE behavior is needed. In our view, other options introduce unnecessary complexity at UE side without clear benefit in terms of positioning performance.

Proposal 11: 
Adopt Option 1 as UE timing advance behaviour for UL SRS(PRS) transmission, where the same timing advance value based on serving cell is applied for transmission

Power Control for UL SRS
The UE PC for UL PRS to support UL-TDOA and RTT is one of the open items for discussion. There are different options to be considered as it was agreed at the previous meeting:
	For positioning purposes, with regards to the UL SRS transmission power, at least the following options have been identified:
· Option 1: The UL SRS Tx power is constant (i.e., no power control is supported). 
· FFS: The value of the constant Tx power and how it is determined
· Option 2: The UL SRS Tx power is based on the existing power control procedure.
· Option 3: The UL SRS Tx power is determined by modifying the existing power control procedure, for example:
· Support configuring a DL reference signal of a neighboring cell to be used for SRS path loss estimation. 
· FFS: Which reference signals can be used (e.g. a CSI-RS, or a SSB, or DL PRS).
· FFS: which power control modes are supported (e.g., open loop only, or open loop and closed loop).


It is well known that the main drawback of UL based positioning techniques is a link budget. In order to maximize link budget UE is expected to transmit on maximum power. It should be noted that UL SRS Resource Set configuration contains reference to DL RS to be used for pathloss estimation and finally OL PC settings controlled by P0 and α power control parameters which values are configurable.
Considering that operation at high TX power is likely to be required in typical cases and that existing UL SRS power control parameters can be used to set any TX power level, we do not see the need for additional specification changes given that parameter α can be set to 0 in practical scenarios and value of P0 can be properly adjusted.

Proposal 12: 
Adopt Option 2 for UE UL SRS(PRS) power control behaviour

UL Beam Management/Alignment w/ Serving/Neighbouring TRPs
The following options were identified by RAN1 WG with respect to UL beam management / alignment considering operation with serving and neighboring cells/TRPs:
	For positioning purposes, with regard to UL Beam management/alignment towards serving and neighboring cells, consider one or more of at least the following options:
· Option 1: Support configuration of a spatial relation between a reference DL RS from serving or neighboring cells and the target SRS.
· FFS: Which Reference DL RS can be used (e.g., SSB/CSI-RS/DL-PRS).
· Option 2: Support UE Tx beam-sweeping on UL SRS transmissions across multiple UL SRS Resources.
· Option 3: The Tx beam is fixed for UL SRS transmissions across multiple UL SRS Resources, for both FR1 and FR2.
· FFS: How the fixed beam is selected


Below we analyze each option separately:
Option 1 assumes spatial relation information b/w DL PRS, CSI-RS, SSB and UL PRS. There are three key aspects that need to be discussed for Option 1:
Aspect 1. Benefits of Option 1 and its implication on system design.
Aspect 2. Support of spatial relation for serving and neighboring cells. It should be noted that spatial relation for serving cell is already in place and thus only extension to neighbor cells should be discussed.
Aspect 3. Which DL RS can be indicated as spatially related (SSB/CSI-RS/DL-PRS)
In application to UL PRS transmission, the support of beam alignment has certain technical challenges. It is quite difficult to ensure beam alignment in the environment of multiple UEs, multiple TRPs/cells, each supporting multiple TX and RX beams respectively. Even for the case of single UE, it is still problematic due to multiple reasons. First of all, each UL PRS resource (TX beam) can be beam aligned with one DL PRS Resource (RX beam) and there is no guarantee that the same TX beam is aligned w/ RX beam at another TRP/cell. This will require configuration of multiple SRS Resources Sets. The amount of required UL PRS Resources to ensure full beam alignment across all TRPs/cells is clearly very high (equal to amount of DL PRS Resource Sets). Needless to say that all UL PRS Resources should be multiplexed in time, otherwise full UL TX / DL RX beam alignment cannot be guaranteed. In order to reduce amount of UL PRS Resources single UL PRS resource should be spatially related to multiple DL PRS Resources (i.e. 1 : M mapping is needed) which is possible but there may be no guarantee of full beam alignment across all TRPs/beams. The support of full alignment in case of 1 : M mapping will require UE reporting and coordination at the network level to construct spatial relation configuration. If multiple UEs are considered, the problem of UL PRS beam management / alignment across multiple UEs and TRPs becomes even more complicated. If full alignment is not expected in case of 1 : M mapping then specification efforts will be needed to define spatial alignment signaling for neighbor cells. In addition, UE behavior may need to be specified to ensure that UE selects beam so that it is spatially aligned with one or subset of the configured DL PRS beams.
Option 2 enables UE TX beam-sweeping of UL PRS transmissions across UL SRS Resources. In our view, this option should be supported. The obvious scenario is UL-TDOA when there is no DL PRS transmission configured and UE does not have any beam-correspondence or spatial relation information. In addition, UE TX beam-sweeping may be needed to establish beam alignment at TRP/gNB RX side. However, support of the beam alignment at gNB side does not require any specification changes, except that gNB may need to report DL PRS Resource ID used for reception of UL SRS Resources.
Option 3 enables UE to transmit UL PRS across different UL PRS Resources using the same beam / port. This can be beneficial to further improve link budget of UL PRS transmission as well as facilitate gNB RX beam training in neighbor cells.
Based on discussion above we have following proposals:
Proposal 13: 
Support association of DL PRS and UL PRS Resources (i.e. spatial relation of DL PRS and UL PRS Resources) for serving cell. Further study benefits of supporting Option 1 for neighbour cells.
Support Option 2 that enables UE beam sweeping across UL SRS(PRS) Resources
Support Option 3 that enables UE to transmit UL PRS across different UL PRS Resources within UL PRS Resource Set using the same spatial filter and antenna port

Conclusion
In this contribution, we have provided initial views on radio-layer procedures to support NR positioning. In summary, we have following proposals:

Proposal 1: 
· For intra-frequency operation select Option 1: “The UE measurement is within the DL BWP configuration”
· For DL PRS processing, one of the configured DL BWPs is associated with DL PRS allocation
· UE processes NR DL PRS within DL BWP, associated with NR DL PRS
Proposal 2: 
Assumptions of DL BWP switching are reused for DL PRS processing
Proposal 3: 
A UE is expected to be configured with measurement gap to process DL PRS
UE is not expected to receive other DL channel / signals when it performs measurements of DL PRS signals
Proposal 4: 
Confirm Option 1 – The DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving or neighboring cell
Proposal 5: 
UE RX beam-sweeping procedures during DL PRS reception are left up to UE implementation
i.e. procedures whether and how to select UE RX beam for DL PRS reception are not specified
RAN1 assumes that for each DL PRS Resource, a UE may select different RX beam and establish association between DL PRS Resources and UE RX beams
	i.e. association of DL PRS Resources with UE RX beams is up to UE implementation including the case when single RX beam is associated with multiple DL PRS Resources
Proposal 6: 
· DL PRS Resource(s) within DL PRS Resource Set can be configured as quasi-collocated with each other using QCL Type-A, if applicable
· DL PRS Resource(s) within DL PRS Resource Set can be configured as quasi-collocated with CSI-RS for tracking (TRS) using QCL Type-A and/or QCL Type-D, if applicable
· DL PRS Resource(s) within DL PRS Resource Set can be configured as quasi-collocated with CSI-RS for beam management (BM) using QCL Type-D, if applicable
· DL PRS Resource(s) within DL PRS Resource Set can be configured as quasi-collocated with SSB (SSB index) using QCL Type-C and/or QCL Type-D, if applicable
Proposal 7: 
NR Positioning supports configuration of Cell-Centric DL PRS Resource Sets and Resources
NR Positioning supports configuration of UE-Centric DL PRS Resource Sets and Resources
NR Positioning supports UE-Centric DL PRS Measurement Report to request measurements on subset of Cell-Centric DL PRS Resources or UE-Centric DL PRS Resources
Proposal 8: 
For construction of UE-Centric DL PRS Resource Sets (or configuration of UE-Centric DL PRS Measurement Report), UE may be requested to provide at least the following assistance information
Cell ID
SSB index (e.g. corresponding to max SS-RSRP value)
CSI-RS Resource ID (e.g. corresponding to max L1-RSRP value)
UE location information (e.g. if UE has a-priori knowledge of it coordinates)
UE Tx-Rx time difference based on Rel.15 reference signals
Recommended list of DL PRS Resources (IDs) based on processing of Cell-Centric DL PRS Resources
Proposal 9: 
UE is not configured with DL PRS over the symbols during which the UE is also configured to monitor the CORESET
UE is not configured to receive DL PRS and SIB1 message in the overlapping PRBs in the OFDM symbols where SIB1 is transmitted
DL PRS Resource / Resource Set configuration does not affect UE rate matching behaviour for DL PRS reception which is indicated separately
Proposal 10: 
NR supports UE beam-sweeping for UL SRS (PRS) transmission across different UL SRS(PRS) Resources
NR supports gNBs UL RX beam sweeping to establish association between UL SRS Resources (UL TX beams) and DL RX beams that can be further associated with DL PRS Resources
NR supports association of UL SRS (PRS) Resources and DL PRS Resources for UL-TDOA support
i.e. UL SRS (PRS) Resources are associated with DL PRS Resources
Proposal 11: 
Adopt Option 1 as UE timing advance behaviour for UL SRS(PRS) transmission, where the same timing advance value based on serving cell is applied for transmission
Proposal 12: 
Adopt Option 2 for UE UL SRS(PRS) power control behaviour
Proposal 13: 
Support association of DL PRS and UL PRS Resources (i.e. spatial relation of DL PRS and UL PRS Resources) for serving cell. Further study benefits of supporting Option 1 for neighbour cells.
Support Option 2 that enables UE beam sweeping across UL SRS(PRS) Resources
Support Option 3 that enables UE to transmit UL PRS across different UL PRS Resources within UL PRS Resource Set using the same spatial filter and antenna port
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