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1. Introduction
A new work item on "NR Positioning Support" has been agreed at RAN#83 [1]. The objectives include:
RAN1 centric objectives
1. Specify NR DL and UL reference signals to facilitate support of NR positioning techniques (DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID) [RAN1]
0. Support E-CID downlink measurements based on at least RRM measurements defined in NR Rel. 15
0. Identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques
0. Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT
0. Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA
1. Define UE measurements based on DL reference signals applicable for NR positioning. The following UE measurements are specified for serving, reference, and neighboring cells [RAN1]
1. DL RSTD (reference signal time difference) measurements for NR positioning
1. DL RSRP (reference signal received power) measurements for NR positioning
1. UE RX-TX time difference measurements for NR positioning
1. Define gNB measurements based on UL reference signals applicable for NR positioning. The following gNB measurements are specified [RAN1]:
2. UL RTOA (relative time of arrival) measurements for NR positioning
2. UL Angle of Arrival (AoA) measurements (including Azimuth and Zenith Angles) for NR positioning
2. UL RSRP (reference signal received power) measurements for NR positioning
2. gNB RX-TX time difference measurements for NR positioning
1. If necessary, define physical-layer procedures to support UE/gNB measurements for NR positioning [RAN1]
2. [bookmark: _Hlk534972245]Procedures related to DL Beam Management
2.1 Definition of PRS resource set and PRS resource setting 
Beam management/training/alignment has been extensively discussed in NR Rel-15 in both MIMO and Mobilitiy (RLM/RRM) sessions. For L1-RSRP measurement in NR Rel-15, we find the following main design aspects:
· A CSI-RS resource spans one symbol and contains 1 port with a comb-12 or comb-4 pattern
· Each CSI-RS resource set contains up to 64 CSI-RS resources
· A CSI-RS resource setting contains up to 16 CSI-RS resource sets
· The total number of different CSI-RS resources over all resource sets is no more than 128. 
· A CSI-RS is BWP-specific, and the UE measures only onside the active BWP
· A CSI-RS resource set can be tagged as “Repetition = ON” which defines whether UE can assume that the CSI-RS resources within the NZP CSI-RS Resource Set are transmitted with the same downlink spatial domain transmission filter or not.
For L3-RSRP measurement in NR Rel-15, we find the following main design aspects:
· A CSI-RS resource for RRM spans one symbol and contains 1 port with a comb-12 or comb-4 pattern
· Each CSI-RS for RRM is associated with a cell-ID
· An SSB ID from the cell transmitting the CSI-RS can be configured as a QCL reference for each CSI-RS for RRM measurements
· Up to 96 CSI-RS resources for RRM can be configured to a UE
· The CSI-RS resources for RRM measurements are not BWP-specific. Measurement gaps can be configured if the UE is expected to measure CSI-RS resources outside the active DL BWP.

We observe that there exist two main differences in the above 2 approaches: 
· Relation to BWP: For L1-RSRP, which is a measurement related to the quality of the beams towards the serving BS, the CSI-RS for L1-RSRP measurement is BWP-specific, whereas for L3-RSRP, which is measurement related to non-serving BS, the CSI-RS for RRM is defined outside the active BWP. A DL PRS, similar to a CSI-RS for RRM, is expected to be used to measure both serving and neighboring cells and therefore, it should be configured outside the BWP. 
· Rx Beam sweeping: For L3-RSRP measurement, the CSI-RS for RRM can be configured to be QCLed with an SSB from the neighboring cell, and in this case, the UE is expected to use the same Rx beam as that used for the SSB. On the other hand, for L1-RSRP measurement, the CSI-RS resource set can be configured with multiple CSI-RS resources with “Repetition = ON” to perform Rx beam sweeping as needed. Note that the UE is required to perform relatively fine Rx beam tuning since it is required to identify the earliest path, and not just the strongest path. To do so, the reference signal used for Rx beam tuning/alignment/pairing should have good hearability and this is what the DL PRS is expected to be designed for. For this reason, a more robust and effective PRS design would be to introduce the concept of “Repetition = ON” across PRS resources belonging on the same PRS resource set (similar to legacy NR Rel-15 CSI-RS for L1-RSRP measurements). 
Based on the above we make the following proposals:
Proposal 1: The new DL positioning reference signals (DL PRS) should be configurable independently from the BWPs (similar to NR Rel-15 CSI-RS for L3-RSRP). 
[bookmark: _Ref1129449][bookmark: _Hlk4766352]Proposal 2: We make the following proposals in relation to beam management procedure for the new PRS: 
· Define a PRS resource set as a collection of one or multiple PRS resources transmitted from the same transmission point. 
· Define a PRS resource setting as a collection of one or multiple PRS resource sets with PRS resources transmitted from the same transmission point. The UE may be configured with multiple PRS resource settings from the same transmission point.
· Carry-over the concept of Repetition “ON” and “OFF” from the CSI-RS for L1-RSRP of NR Rel-15 to signal for which PRS resource sets the UE may assume that the same downlink transmission filter is used across the configured PRS resources. 
· Study further the minimum and maximum resources per set, sets per setting, and total number of PRS resources per UE considering the fact that PRS resources can be from serving and neighboring cells.  
[bookmark: _Hlk4765648]Introducing multiple PRS resource settings, i.e. collection of PRS resource sets transmitted from the same transmission point, could be beneficial considering the need of having supporting an acquisition positioning mode (where high number of transmit repetitions may be configured for the UE to support receive beam sweeping) and a tracking positioning mode (e.g., no repetitions without receive beam sweeping) to  reduce the overall PRS overhead. Specifically, having at least 2 PRS resource setting, could allow having one for an acquisition stage where a large number of Tx/Rx beam-pairs are measured, and then there is a second one with a fewer number of PRS resources whenever the UE is in a tracking mode. 

[image: ]
 Based on the proposed structure, the gNB could configure a PRS resource setting with several Tx beams (i.e., PRS resource sets), and for each Tx beam, it could notify the UE whether a set contains PRS resources with the same Tx filter (or not), so that the UE would have the opportunity to perform TOA and RSRP measurements as needed. Then, the UE could process these measurements and feedback to the gNB the required measurements (e.g., RSTD, RSRP, UE Rx-Tx).  
Since the UE may perform several measurements to derive one report (e.g., measures multiple Tx/Rx beam pairs to it estimate which one results to the earliest path), it may be helpful to include in the report additional information indicating which beam was used. In such a scenario, joint timing & Angle-based methods can be employed (as/if needed) by the location server. Furthermore, such a report from the UE could help the gNB with on-demand PRS transmission on the most appropriate beam, and reduction of PRS overhead. 
[bookmark: _Hlk4766366]Proposal 3: NR supports including additional information indicating which beam was used for the reported positioning measurements. 
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3. Procedures related to UL Beam Management
UL PRS may be transmitted through a quasi-omni-directional antenna on the UE side, but a UE could also apply beam-sweeping on narrower beams for increased EIRP.  UL PRS may also be received on a wide beam at a gNB, but a gNB may also use a sweep of more narrow beams for improved received signal quality.  While either UE TX beam sweeps or gNB RX beam sweeps could be performed independently, there could be an option to utilize both features for UEs which do not have beam correspondence.  Unlike regular camping operations, such beam-pairing would be done between each UE and a set of gNBs. However, for UEs with beam correspondence, which is already a mandatory UE feature with capability signaling for NR Rel-15, UL beam would be QCLed with a downlink signal, and therefore there will not be a need for any UL Tx beam sweeping for UL PRS.
[bookmark: _Hlk534967829][bookmark: _Hlk4766373]Proposal 4:	The spatial Relation info of an SRS resource can be a configured to be a DL Reference Signal (e.g., PRS resource, CSI-RS resource, SSB) from the serving or a neighboring BS.
3.1 UL SRS activation/deactivation
With the expected much larger number of UEs compared to the number of gNBs in NR, always-on UL PRS would be challenging from hearability, overhead and power consumption considerations.  Instead, UL PRS could be activated only for UEs that need navigation or positioning and only for times when such is required.  One option to consider would aperiodic operations where each UL PRS occasion would need an explicit grant and the grant would be implicitly revoked thereafter.  A different option would be to grant the UE UL PRS transmission for a pre-determined number of occasions, after which the grant would be implicitly revoked.  Yet another option would be semi-presistent operation where a grant would be given to start UL PRS transmission (activation), and UL PRS transmission would continue until the grant was explicitly revoked (deactivation).  Some of the options may also contain information about the periodicity of UL PRS transmissions.
[bookmark: _Ref1134982][bookmark: _Ref534964676][bookmark: _Hlk534967858][bookmark: _Hlk4766379]Proposal 5:	The legacy NR Rel-15 time-domain behaviors of SRS resources, i.e., periodic, semi-persistent, aperiodic, can be used as UL PRS. 
4. Measured Quality Report for UE or gNB Timing measurements
The OTDOA measurement report in LPP includes also a quality of the RSTD measurements, which provides the target device's best estimate of the uncertainty of the OTDOA (or TOA) measurement (IE OTDOA‑MeasQuality in LPP). 
OTDOA-MeasQuality ::=SEQUENCE {
	error-Resolution		BIT STRING (SIZE (2)),
	error-Value				BIT STRING (SIZE (5)),
	error-NumSamples		BIT STRING (SIZE (3))				OPTIONAL,
	...
}
-- ASN1STOP
	OTDOA-MeasQuality field descriptions

	error-Resolution
This field specifies the resolution R used in error-Value field. The encoding on two bits is as follows:
	′00′			5 meters
	′01′			10 meters
	′10′			20 meters
	′11′			30 meters.

	error-Value
This field specifies the target device′s best estimate of the uncertainty of the OTDOA (or TOA) measurement.
The encoding on five bits is as follows:
	′00000′	0		to	(R*1-1) meters
	′00001′	R*1	to	(R*2-1) meters
	′00010′	R*2	to	(R*3-1) meters
	…
	′11111′	R*31	meters or more;
where R is the resolution defined by error-Resolution field.
E.g., R=20 m corresponds to 0-19 m, 20-39 m,…,620+ m. 

	error-NumSamples
If the error-Value field provides the sample uncertainty of the OTDOA (or TOA) measurement, this field specifies how many measurements have been used by the target device to determine this (i.e., sample size). Following 3 bit encoding is used:
	′000′		Not the baseline metric
	′001′		5-9
	′010′		10-14
	′011′		15-24
	′100′		25-34
	′101′		35-44
	′110′		45-54
	′111′		55 or more.
In case of the value ′000′, the error-Value field contains the target device′s best estimate of the uncertainty of the OTDOA (or TOA) measurement not based on the baseline metric. E.g., other measurements such as signal-to-noise-ratio or signal strength can be utilized to estimate the error-Value.
If this field is absent, the value of this field is ′000′.


[bookmark: _Hlk4490312][bookmark: _Ref534377004][bookmark: _Ref534978915][bookmark: _Ref1129423]
The IE OTDOA‑MeasQuality provides estimated uncertainty of the reference TOA measurement and the uncertainty of the reported RSTDs in units of metres. This IE can be reused for NR RSTD measurements as well. Whether e.g. a different/finer resolution of the quality is desired can be determined once the measurements and accuracy requirements have been defined in the work item phase.

[bookmark: _Hlk4581957][bookmark: _Hlk4766385]Proposal 6:	Quality measurement for all timing measurements (RSTD, RTOA, UE Rx-Tx, gNB Rx-Tx) shall be defined in a NR using the LTE Quality measurement as a starting point.
· Discuss further details on the error resolution, error values, and Number of samples reported. 
5. Granularity of the Report for UE or gNB Timing measurements
According to the commercial requirements, NR Rel-16 positioning should be able to support an accuracy of 3m, which effectively results to a TOA accuracy of the order fo 10 nsec. To ensure that the reporting granularity is not the bottleneck of the NR Rel-16 positioning, the entity performing the timing measurements (either the gNB or the UE) would need to be able to report them to the location server at a precision level significantly better than the 10 nsec. 
In LTE, the UE Rx-Tx is measured using 12 bits, with a varying resolution of 2Ts for a difference less 4096Ts and of 8Ts for a difference more than 4096Ts. Note that Ts = 32.5 nsec, and therefore, in the best case, the reporting quality is 63 nsec which would result to an uncertainty which will would not be able to meet the commercial requirements.
Observation 1: To meet commercial requirements, the reporting granularity of any timing measurement (RSTD, RTOA, UE Rx-Tx, gNB Rx-Tx) should have a step size which is significantly smaller than 10 nsec.  
[bookmark: _Hlk4766392]Proposal 7: Discuss further reporting granularity details of the timing measurements, including the quantization step size. 
6. Conclusion 
In this contribution, we make the following observation:
Observation 1: To meet commercial requirements, the reporting granularity of any timing measurement (RSTD, RTOA, UE Rx-Tx, gNB Rx-Tx) should have a step size which is significantly smaller than 10 nsec.  
In this contribution, we make the following proposals:
Proposal 1: The new DL positioning reference signals (DL PRS) should be configurable independently from the BWPs (similar to NR Rel-15 CSI-RS for L3-RSRP).

Proposal 2: We make the following proposals in relation to beam management procedure for PRS: 
· Define a PRS resource set as a collection of one or multiple PRS resources transmitted from the same transmission point. 
· Define a PRS resource setting as a collection of one or multiple PRS resource sets with PRS resources transmitted from the same transmission point. The UE may be configured with multiple PRS resource settings from the same transmission point.
· Carry-over the concept of Repetition “ON” and “OFF” from the CSI-RS for L1-RSRP of NR Rel-15 to signal for which PRS resource sets the UE may assume that the same downlink transmission filter is used across the configured PRS resources. 
· Study further the minimum and maximum resources per set, sets per setting, and total number of PRS resources per UE considering the fact that PRS resources can be from serving and neighboring cells.  

Proposal 3: NR supports including information indicating which beam was used for the reported positioning measurements. 
Proposal 4:	The spatial Relation info of an SRS resource can be a configured to be a DL Reference Signal (e.g., PRS resource, CSI-RS resource, SSB) from the serving or a neighboring BS.
Proposal 5:	The legacy NR Rel-15 time-domain behaviors of SRS resources, i.e., periodic, semi-persistent, aperiodic, can be used as UL PRS. 
Proposal 6:	Quality measurement for all timing measurements (RSTD, RTOA, UE Rx-Tx, gNB Rx-Tx) shall be defined in a NR using the LTE Quality measurement as a starting point.
· Discuss further details on the error resolution, error values, and Number of samples reported. 

Proposal 7: Discuss further reporting granularity details of the timing measurements, including the quantization step size. 
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