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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At the RAN1 AH 1901, significant progress was achieved on DL positioning, with some important agreements:
	Agreement:
· NR should support timing (DL-TDOA) based DL-only positioning techniques in FR1 and FR2
· NR should support angle (DL-AoD) based DL-only positioning techniques with at least beam sweeping at least at the gNB in FR1 and FR2
Agreement:
NR DL PRS design for FR1 and FR2 supports:
Configurable NR DL PRS signal bandwidth
· FFS granularity of configuration, relationship with BWPs, whether the configuration is cell and/or UE specific
Configurable NR DL PRS signal numerology (SCS)
· FFS configurability of CP for NR DL PRS
Configurable NR DL PRS frequency and time allocation
Use of DL beam sweeping / alignment
· i.e. beam alignment of gNB DL PRS transmission and UE reception of DL PRS
Localized in time NR DL PRS transmissions with periodic and/or on-demand resource allocation
· FFS signaling details
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
Agreement:
For NR DL PRS resource design:
One antenna port is supported.

Agreement:
NR DL PRS resource is defined as a set of resource elements used for NR DL PRS transmission that can span multiple PRBs within N (1 or more) consecutive symbol(s) within a slot, where N is FFS.
· In any OFDM symbol, PRS resource occupies consecutive PRBs




In this contribution, we discuss the remaining issues on DL positioning. Other issues dedicated for UL and DL & UL positioning are discussed in our companion contributions [2] and [3].

[bookmark: _Ref129681832]Design considerations for PRS 
New DL-RS for positioning
It was agreed in RAN1 AH 1901 that either extensions to current reference signals or new reference signals (NR-PRS) should be introduced to meet performance requirements. Two options could be considered:
· Option 1: a new NR-PRS is introduced
· Option 2: an NR-PRS is created by configuring several CSI-RS signals and indicating the QCL information between these signals.
Option 1 appears better than option 2:
· Each 1-port CSI-RS resource can only occupy one symbol per slot. For PRS, however, it was agreed that NR DL PRS can span multiple PRBs within 1 or more consecutive symbol(s) within a slot. Thus, a lot of CSI-RS resources would have to be configured to generate an NR-PRS
· If a multi-symbol PRS resource pattern is constructed with existing CSI-RS configuration, multiple one-symbol CSI-RS resources as a CSI-RS resource set should be introduced so that the UE may assume that the CSI-RS resources within the resource set share a common antenna port (transmitted by a common analog TX beam of a given TP/cell). However, there are serious issues to follow this configuration. For beam sweeping purpose in FR2, there might be tens of resource sets with hundreds of resources configured to the UE for each TP/cell. Configuring each set individually is highly inefficient, and is unnecessary overhead.
· The NR-PRS is configured by the LMF via the NRPP protocol, while existing RSs, including CSI-RS, are configured by RRC in the serving cell. 
Based on above reasons, it is beneficial and more convenient to introduce a new RS dedicated for NR DL positioning.
Proposal 1: A new DL-RS dedicated for positioning is introduced at least for TDOA.

PRS ID and sequence ID 
LTE introduced 4096 PRS IDs for sequence initialization, and up to 3 PRSs can be configured per cell. For NR, it was agreed in RAN1 AH 1901 that the PRS will be transmitted in beam sweeping manner and that a PRS resource should have a PRS resource ID and a PRS sequence ID. Hence it is expected that more PRS resources would need to be allocated to a cell. The PRS resource set should be designed in such a way to enable convenient configuration of PRS resources. For example, a PRS resource set can consist of multiple resources belonging to a same cell or TP, where each PRS resource can be transmitted using a given beam. More than one resource set can be configured for each TP/cell to support multiple numerologies. The UE needs to report the measured RSTD/RSRP for PRS resources in PRS resource set(s). The reported RSTD can be labeled by PRS resource ID+ PRS resource set ID. Note that the NR-PRS ID can be a local ID within a PRS resource set, and a resource set ID can be a local ID for a given UE, which may reduce the reporting complexity of the UE. For PRS sequence ID, however, it should have a wide configurable range (e.g. 0~4095 or more) to improve interference randomization and sequence orthogonality. It is also beneficial to the deployment planning if each resource of each cell/TP within an area has its own unique sequence ID. In LTE, the PRS sequence is generated based on the PRS symbol index within a radio frame, and the configurable PRS ID. A similar approach is adopted for NR CSI-RS. We propose to reuse the same principles, with a PRS sequence for NR having the following structure:
· The PRS is based on a Gold sequence.
· The sequence initializer for PRS symbol is based on:
· PRS symbol index within a radio frame of the cell/TP transmitting PRS
· A configurable sequence ID associated with a PRS resource, which could be different from the PRS resource ID
Proposal 2: A PRS resource set consists of beam-sweeping PRS resources transmitted by a TP/cell.
Proposal 3: PRS sequence is based on a Gold sequence, where the sequence initializer is based on:
· The PRS symbol index within a radio frame of the cell
· A configuration sequence ID associated with a PRS resource

PRS QCL indication
QCL indicates the co-location assumption the UE can make between a target DL RS and reference DL RS. There are four types of QCL relationship defined:
[bookmark: _Hlk500800106][bookmark: _Hlk500784100]-	'QCL-TypeA': {Doppler shift, Doppler spread, average delay, delay spread}
-	'QCL-TypeB': {Doppler shift, Doppler spread}
-	'QCL-TypeC': {Doppler shift, average delay}
-	'QCL-TypeD': {Spatial Rx parameter}
Before a positioning procedure is initialized, a UE may be configured to measure a neighbor cell SSB or CSI-RS and the UE therefore maintains the coarse timing and RX beam to receive these signals. It is beneficial to introduce QCL indication for NR-PRS so that the UE knows the coarse timing and beam information can be derived based on other signals. In particular, if the NR-PRS is transmitted with exactly the same beam of SSB/CSI-RS, it makes sense to QCL the NR-PRS with SSB, CSI-RS for mobility or TRS w.r.t. spatial RX parameters (type D) and timing parameters (type A or type C). In addition, the QCL-ed RS can also be utilized for beam tracking. In order to limit overhead, the system should be able to configure the NR-PRS with a large periodicity.  In such a case, the UE can then use the information obtained from an RS sent with small periodicity to perform the beam training and tracking for NR-PRS. 
Proposal 4: Support QCL indication for PRS. Candidate RS can are SSB and CSI-RS.

PRS configuration
In RAN1 AH 1901, some companies proposed BWP-specific configuration of NR-PRS so that the UE can measure the associated PRS after it switches its active BWP. In our opinion, however, this will cause unnecessary signaling overhead. The NR-PRS configurations are provided by each cell to the LMF, which delivers the PRS configuration to the UE, including that of the serving cell and non-serving cells. The UE’s BWP configuration, however, is configured by the serving cell, and different UEs may have different BWP configurations. To enable BWP-specific configuration of NR-PRS, there are two possible options:
· Each cell provides its cell-specific PRS to the LMF. The serving cell uploads the BWP configuration of the UE to the LMF, and the LMF configures the PRS to the UE according to its BWP configuration. Since the neighboring cells’ PRS are provided without knowledge of the UE’s BWP, the PRS resources can be located outside the UE’s active BWP. In this case, UE may still have nothing to measure after switching to certain BWPs.
· The serving cell delivers the BWP configuration of the UE to neighboring cells (e.g. via LMF or Xn interface), the neighboring cells provide the BWP-specific PRS configuration for this UE to the LMF, and the LMF configures the PRS for the UE. This enables the configuration of real BWP-specific PRS. However, the gNB needs to provide UE-specific PRS configuration for each UE in the neighboring cells. This increases overall overhead, as opposed to simply signaling a cell-specific PRS using common signaling.
In order to solve the measurement inconsistency caused by BWP switching, there are some solutions which are more easy to implement than introducing BWP-specific PRS. For the mobility measurement, a measurement gap is configured when the UE has to switch its numerology. If the measurement gap is not configured, the UE is not expected to measure the RS resource(s) outside of the active DL BWP. The same principle can be applied for positioning measurements. For each cell, the UE can be provided with multiple PRS resources with different numerologies. If a measurement gap is not configured, the UE is only expected to receive the PRS whose numerology is the same as the active DL BWP within the BW of the active DL BWP.
Proposal 5: PRS resources are configured in a per-cell basis.
· BWP-specific PRS is not supported
Proposal 6: PRS configuration for a cell can include multiple PRS resources with different numerologies
· If a measurement gap is not configured, the UE is only expected to receive the PRS with the same numerology as the active DL BWP within the active DL BWP bandwidth.

PRS with 2 ports
It was agreed to support one-port PRS at the last meeting, whereas configuring multiple antenna ports is for further study. Since cross-polarization antennas are frequently used by the gNB, it is natural to support at least two-port PRS, which can be transmitted by gNB with a pair of cross-polarized antenna ports. The UE can then coherently combine the received signal of the two PRS antenna ports to improve the measurement performance.
Proposal 7: support two-port PRS.

OTDOA measurements and reporting
In order to support OTDOA, a “time difference” measurement needs to be defined. Such a measurement already exists for LTE, and is specified in [4], reference signal time difference (RSTD). 
It is possible that a NR UE may also use LTE PRS for OTDOA when LTE and NR cells are deployed in the same frequency layer or different frequency layers within a common coverage area. Thus, using both LTE and NR cells can provide more sources for the positioning signals, and can improve positioning accuracy. LTE-NR coexistence is already supported (e.g., NR-PDSCH rate matching around LTE-CRS), so it is natural to extend RSTD measurement of NR UE also to LTE-PRS. The LTE “time difference” 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 8: NR should support inter-RAT RSTD measurements
Proposal 9: RSTD measurement is defined 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



For reporting, the following quantities specified in [5] 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
In addition, since multiple reference signals for positioning could be 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 neighboring cell, which is like PRS ID in [5]. To exploit multi-beam diversity, NR should support at least more than one RSTD reported per cell, especially for FR2. For example, due to multipath or beam blockage, UE may measure different RSTD/TOA on different TX beams with same or different RX beams. It would be better UE report some redundant results (as additional RS information relative to the timing used to determine the RSTD ) to LMF so that LMF could have more information on the certainty, potential alternative timing of the measurements.
Proposal 10: For OTDOA reporting, support the following reporting quantities:
· RSTD reference cell
· PRS ID
· Reference signal quality
· Additional path information relative to the path timing used to determine the RSTD
· Additional RS information relative to the timing used to determine the RSTD
· RSTD neighbour cell
· PRS ID
· RSTD
· RSTD quality
· Additional path information relative to the path timing used to determine the RSTD
· Additional RS information relative to the timing used to determine the RSTD

Remaining issues on DAOD
For angle measurement, beamformed DL RS can be transmitted in a beam sweeping manner. The UE can measure the RSRP of those DL RSs and report the results to gNB or LMF (depending on RAN2 decision on the framework of DAOD). The UE uses 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/AOA 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 having the gNB measuring it 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 2 AOD/AOA estimation based on relative beam gain
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. The framework of TDOA measurement and DAOD measurement are analogous. When the PRS is transmitted in a beam sweeping manner, the RSRP measurement can be performed simultaneously while measuring the TDOA.
Potential modifications or adaptation, can be further considered. For example, for downlink estimation, i.e. AOD estimation based on UE feedback, to minimize the UE beamforming uncertainty the UE can report the beam quality measured with a fixed RX beam. 
Proposal 11: At least RSRP reports are reused to support DAOD. 
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 12: No DAOD-specific RS to be defined: CSI-RS, SS/PBCH, and the DL RS designed for OTDOA can all be used for DAOD.

RRC_IDLE/RRC_INACTIVE operation
Tracking UE’s location in RRC_IDLE or RRC_INACTIVE state has multiple benefits including facilitating a reduced reconnection time and providing location-dependent services in those states. In LTE, positioning for RRC_IDLE state UE is supported for NB-IoT UEs. The RRC_IDLE state UE can take measurements in RRC_IDLE state and report the results in RRC_CONNECTED state. 
However, there is no requirement or use case evaluated during the SI specifically targeting RRC_IDLE or RRC_INACTIVE state. As such, we propose the following:
Proposal 13: Consider positioning in RRC_IDLE and RRC_INACTIVE states in a later release. 

Conclusions
In this contribution, we present our views on the PRS design, OTDOA and DAOD. Based on the discussion, we have the following observations and proposals:
Proposal 1: A new DL-RS dedicated for positioning is introduced at least for TDOA.
Proposal 2: A PRS resource set consists of beam-sweeping PRS resources transmitted by a TP/cell.
Proposal 3: PRS sequence is based on a Gold sequence, where the sequence initializer is based on:
· The PRS symbol index within a radio frame of the cell 
· A configuration sequence ID associated with a PRS resource

Proposal 4: Support QCL indication for PRS. Candidate RS can are SSB and CSI-RS.
Proposal 5: PRS resources are configured in a per-cell basis.
· BWP-specific PRS is not supported
Proposal 6: PRS configuration for a cell can include multiple PRS resources with different numerologies
· If a measurement gap is not configured, the UE is only expected to receive the PRS with the same numerology as the active DL BWP within the active DL BWP bandwidth.
Proposal 7: support two-port PRS.
[bookmark: _GoBack]Proposal 8: NR should support inter-RAT RSTD measurement.
Proposal 9: RSTD measurement is defined 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 10: For OTDOA reporting, support the following reporting quantities:
· RSTD reference cell
· PRS ID
· Reference signal quality
· Additional path information relative to the path timing used to determine the RSTD
· Additional RS information relative to the timing used to determine the RSTD
· RSTD neighbour cell
· PRS ID
· RSTD
· RSTD quality
· Additional path information relative to the path timing used to determine the RSTD
· Additional RS information relative to the timing used to determine the RSTD
Proposal 11: At least RSRP reports are reused to support DAOD. 
Proposal 12: No DAOD-specific RS to be defined: CSI-RS, SS/PBCH, and the DL RS designed for OTDOA can all be used for DAOD.
Proposal 13: Consider positioning in RRC_IDLE and RRC_INACTIVE states in a later release. 
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