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Introduction
[bookmark: _Hlk510705081]Work on the current study item on positioning support in NR [1] continued at RAN1#1901-AH and identified solutions to support in NR. The focus of the work has been on RAT-dependent solutions. DL, UL, and DL+UL based solutions were listed and agreed to be supported for RAT-dependent positioning solutions in NR. This contribution focuses on the DL based solutions. See our companion contributions [2] and [3] for Nokia’s view on the UL and DL+UL based solutions respectively. At RAN1#1901-AH the following agreements were made with regard to DL solutions on NR positioning studies taken from [4]:
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
· Note: This does not necessarily need different reference signals from the timing based DL-only positioning techniques
Discussion
OTDOA
The learnings from the LTE OTDOA design should be used when defining the NR OTDOA solutions. The majority of the RAN1 effort moving forward should go into designing the RS framework that at least meets the LTE RSTD detection and accuracy performance under all conditions, and in as many aspects as possible improves over them. There is not yet a specific RS for positioning in NR as there was in LTE. In the following discussion the term Positioning Reference Signal (PRS) shall include both the extension of an existing DL RS and a possible new DL RS. At RAN1#1901-AH the following agreements was made with regard to configurability of PRS taken from [4]. 
	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
· FFS interference randomization techniques across PRS signals
FFS shared in time/frequency NR DL PRS resources with other transmissions including data/control
· FFS which physical channel/signals can share resources with NR DL PRS
· FFS interference randomization techniques for PRS transmission with other signals
· 



The overall achievable positioning accuracy performance does not rely on PRS only because several different techniques can be combined, including those discussed in [2] and [3]. However, the PRS design should consider the option to deploy cell-independent PRS-only transmission points to improve the positioning performance in areas where UEs typically can measure PRS only from very few gNBs. PRS-only transmission points then increase the number of RSTD measurements. They may have impact on the configuration of PRS transmissions from gNBs, at least with respect to subcarrier spacing, resource mapping, bandwidth, beam sweeping, and multiplexing with other channels and signals.
Proposal 1: PRS design and configuration options shall consider the deployment of cell-independent PRS-only transmission points.
The number of hearable PRS transmission points has strong impact on the positioning performance. Hearability of a signal corresponds to signal reception at the UE with a SINR higher than a certain SINR threshold, e.g., -6dB. In order to enable RSTD measurements from distant transmission points, there should the possibility to minimize the received signal strength from a near transmission point that utilizes the same time-frequency resources at least in a part of the bandwidth and at least during a part of the transmission time. PRS transmission with a well coordinated beam sweeping scheme may not be enough to achieve the SINR threshold in some cases. The application of a PRS muting scheme in at least a part of the PRS transmission bandwidth should be considered as enabler to increase the number of hearable PRS transmission points.
Proposal 2: Consider a PRS muting scheme on at least a part of the PRS bandwidth as means to reduce the average interference on PRS resources.

Regarding RSTD measurements the following agreements were made [4]
	Agreement:
NR supports RSTD measurements for NR DL PRS
· FFS: RSTD b/w different configured PRS resources, beams, TRPs, cells, etc.
NR supports RSRP measurement for NR DL PRS
FFS if NR supports RSTD measurement quality metric for NR DL PRS
FFS other measurements



One single erroneous RSTD measurement may confound the positioning algorithm even if the RSTD measurements corresponding to other PRS transmission points are accurate. In case the UE reports RSTD from many different PRS transmission points the positioning performance can be increased by sorting out less reliable measurements and determine the position estimate only with the remaining more reliable measurements. For that a RSTD measurement quality metric within the report is necessary. The quality metric may comprise information on the
· Received PRS signal strength
· Number of detected propagation paths of the PRS
· Dominance of the first detected path towards other paths
· Peak-to-average power ratio of the PRS auto-correlation function

Proposal 3: NR shall support at least received PRS signal strength as RSTD measurement quality metric. FFS other quality metrics.
DL angle based techniques
2.2.1 DL-AoD
It is agreed in RAN1 AH201901 to support DL-AoD based DL-only positioning techniques with beam sweeping at the gNB in FR1 and FR2. In this section, we discuss remaining details (i.e., procedure; reference signals; measurements) for DL-AoD.
DL-AoD procedure
For a single base station, the Tx beam sweeping is applied to transmit reference signals for positioning purpose. And, the direction of each beam is associated with a geographical direction. The target UE shall perform received power measurement for each Tx beam and report the best Tx beam(s) to the gNB. Then, the gNB obtains the DL-AoD information.
A multi-lateration algorithm can be further applied, when multiple DL-AoD information from multiple gNBs is obtained.
Reference signals for DL-AoD
For serving cell, the AoD estimation can be done in a beam determination/maintenance procedure, e.g., by measurement report of SSB and CSI-RS signaling. However, the beam maintenance procedure is not expected for neighbor cell in a NR system. One potential solution is reusing and extending NR RRM framework for positioning purpose. NR introduces the concept of Synchronization Signal Block (SSB) based RRM measurement timing configuration (SMTC) for SSB-based measurements. The SMTC is a timing configuration where the UE is configured to perform SSB-based RRM measurements. From RAN1 perspective, a UE could measure the swept SSBs from a neighbor cell and then obtain the RSRPs of received SSBs. The DL-AoD can be estimated by comparing RSRP values from SSBs transmitted by different beam directions.
If decent positioning performance cannot be achieved by DL-AoD based on SSB measurement, other exsiting reference signals (including CSI-RS and DL RS for OTDOA) could be considered to support DL-AoD.
Proposal 4: Use SS as the reference signal to support DL-AoD as the starting point.
Measurements and reports for DL-AoD
To support DL-AoD, a UE could measure RSRP on DL-AoD reference signal transmitted from different beams. Then, the UE reports the RSRP based on a certain criterion, e.g., maximum RSRP(s) among received beams. Rel-15 NR supports RSRP measurement based on SS, CSI-RS for the purpose of beam management and mobility. If DL-AoD estimation is based on SS, SS-RSRP measurement and report can be directly re-used as a starting point. Potential enhancement, e.g., report criteria, report accuracy, can be further studied.
Proposal 5: SS-RSRP measurement and report are used to support DL-AoD as the starting point. FFS potential enhancement (including report criteria; report accuracy, etc.).
2.2.2 DL-AoA
The other potential DL angle based solution is AoA estimation at the user equipment. In NR, a small antenna array (e.g., with four receiving antenna elements) can be expected at the UE side. A UE can perform AoA estimation based on a DL reference signal. By using super-resolution AoA algorithms (e.g., MUSIC, Matrix Pencil, etc.), limited number of antenna elements can still achieve high AoA estimation accuracy. However, the AoA estimation operation will increase the computational complexity and power consumption at the UE. And, it is also a challenge for low-cost end users.
Observation 1: Whether to support DL AoA estimation should take UE’s complexity and power consumption into account.
2.2.3 Bottlenecks on angle based solution
One major challenge involved with angle based positioning solutions is that NLOS signals are very problematic for angle based techniques. In angle based solutions, NLOS may be harder to overcome than in the time of arrival (TOA) based techniques. In TOA estimation NLOS paths are often modelled by a positive bias random variable. Techniques to estimate this bias have been studied for some time and while issues still exist in the TOA case there have been some promising results. However, in the AOA estimate case the bias variable is often modelled as a uniform random variable across the angular domain. This makes it difficult to compensate for in positioning schemes. 
Observation 2: NLOS conditions may be more difficult for angle based positioning solutions to overcome compared with timing based positioning solutions. 
Proposal 6: Angle based positioning techniques (e.g., DL-AoD) should be evaluated and compared in both NLOS heavy (e.g. dense urban) and LOS heavy (e.g. suburban, rural) deployment scenarios in order to fully understand their capabilities.
Idle and Inactive Mode Positioning
At RAN1#1901-AH it was agreed to further study if NR based positioning for UEs in RRC idle and/or inactive mode was beneficial to support. If a UE not in RRC connected mode wants to perform DL positioning it may need to first come into connected mode through signalling with its serving gNB. If this is the case it will need to do this prior to making RSTD measurements in the DL for OTDOA, for example. This could be very costly from a UE power consumption point of view. It may also cause additional latency as the UE needs to wait to enter RRC connected mode prior to starting the DL positioning process. Requiring an RRC connection can also cause overhead concerns. 
Observation 3: UE traditionally needs to be in RRC connected mode to make positioning measurements and/or send positioning related signalling. 
Observation 4: Requiring a UE in RRC idle or RRC inactive mode positioning to enter RRC connected state prior to positioning may cause additional latency, increased overhead, and/or high power consumption. 
Proposal 7: NR positioning should support RRC idle and RRC inactive mode positioning without requiring the UE to always move to RRC connected mode. 
OTDOA was agreed to be supported in Rel-16 NR and involves broadcast DL signals which are often periodic. Likely these DL signals (e.g. PRS) will be “always on” in some sense. It is also likely that PRS (or another RS used for OTDOA) will be configured once for a long time frame and then repeated with some period. If this configuration does not change much over time perhaps UEs can take advantage of this fact. 
Observation 5: DL RS used for NR OTDOA are likely to have the same configuration for relatively long time frames and UEs may be able to take advantage of this fact.
Proposal 8: UEs in idle or inactive mode should support measurement of RSTD on the DL RS used for NR OTDOA based on a saved configuration of the DL RS. 
After a UE has measured the RSTD to multiple base stations OTDOA positioning requires the UE to make a measurement report and therefore transmit to a gNB (or through the gNB to the LMF). If the UE desires to remain in idle or inactive mode it still needs to be able to make the positioning measurement report to the gNB. In LTE Rel-15 Early Data Transmission (EDT) was introduced for the IoT use case in order to reduce power consumption and latency. In NR, if EDT is again introduced, RAN1 could consider using EDT as a means for idle or inactive mode UEs to make measurements reports for positioning (e.g. OTDOA report). 
Proposal 9: EDT and other idle or inactive mode data transmission schemes if supported in NR can be considered as candidates to allow idle and inactive mode UEs to make positioning measurement reports. 
Conclusion
Based on the abovementioned discussion we have the following observations and proposals.
Proposal 1: PRS design and configuration options shall consider the deployment of cell-independent PRS-only transmission points.
Proposal 2: Consider a PRS muting scheme on at least a part of the PRS bandwidth as means to reduce the average interference on PRS resources.
Proposal 3: NR shall support at least received PRS signal strength as RSTD measurement quality metric. FFS other quality metrics.
Proposal 4: Use SS as the reference signal to support DL-AoD as the starting point.
Proposal 5: SS-RSRP measurement and report are used to support DL-AoD as the starting point. FFS potential enhancement (including report criteria; report accuracy, etc.).
Observation 1: Whether to support DL AoA estimation should take UE’s complexity and power consumption into account.
Observation 2: NLOS conditions may be more difficult for angle based positioning solutions to overcome compared with timing based positioning solutions. 
Proposal 6: Angle based positioning techniques (e.g., DL-AoD) should be evaluated and compared in both NLOS heavy (e.g. dense urban) and LOS heavy (e.g. suburban, rural) deployment scenarios in order to fully understand their capabilities.
Observation 3: UE traditionally needs to be in RRC connected mode to make positioning measurements and/or send positioning related signalling. 
Observation 4: Requiring a UE in RRC idle or RRC inactive mode positioning to enter RRC connected state prior to positioning may cause additional latency, increased overhead, and/or high power consumption. 
Proposal 7: NR positioning should support RRC idle and RRC inactive mode positioning without requiring the UE to always move to RRC connected mode. 
Observation 5: DL RS used for NR OTDOA are likely to have the same configuration for relatively long time frames and UEs may be able to take advantage of this fact.
Proposal 8: UEs in idle or inactive mode should support measurement of RSTD on the DL RS used for NR OTDOA based on a saved configuration of the DL RS. 
Proposal 9: EDT and other idle or inactive mode data transmission schemes if supported in NR can be considered as candidates to allow idle and inactive mode UEs to make positioning measurement reports. 
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