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Introduction
A study on NR positioning enhancement for Rel-17 was approved and the objective of this study related to RAN1 perspective is captured from [1] as follows: 
	
1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
a. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]
b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	
c. Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.
Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]
NOTE 1:	Sidelink is not part of this objective.
NOTE 2:	Involve RAN4 for validating assumptions for the systems evaluations where appropriate.
NOTE 3:	The commercial use cases and requirements are applicable to a limited geographic area.


This contribution discusses potential enhancements for NR positioning to achieve quite challenging positioning accuracy than Rel-16 with consideration of network efficiency and device efficiency.

Potential enhancements for general UEs
Enhancements for positioning accuracy
General Enhancement
For the improvement of positioning accuracy, timing measurement accuracy would still be considered as an important issue for NR positioning techniques such as DL-TDOA (Time Difference Of Arrival), UL-TODA, and Multi-RTT (Round Trip Time). The timing measurement accuracy is related to several factors, but the frequency bandwidth is the most dominant factor. In Rel-17, we might need to discuss more how to effectively utilize more frequency resource considering CA, and SUL (supplementary uplink), where those issues were not sufficiently discussed due to the limited time.
Also, discussions on TX/RX beam optimization for timing measurement would be beneficial. It is obvious that the current beam management framework was designed for the purpose of the effective data communications rather than support for the effective positioning. For example, UEs are indicated to perform signal strength measurements such as RSRP of SSBs and/or CSI-RS resources and report RSRP with their index/ID. Then, gNB gets to know which beam direction is the best for the UEs for data communications, based on the reported RSRP, but it does not guarantee the best beam for positioning.
Proposal 1:
· Rel-17 NR positioning needs a study on TX/RX beam optimization for the timing measurements for the improvement of positioning accuracy.

In Rel-16, NR positioning introduced transmission beam configuration of SRS resource for a target neighbor cell/TRP and power control considering a neighbor cell/TRP was specified, so that UE can send an SRS resource intended to a target cell/TRP. However, TA (Timing Advance) of SRS transmission is still based on the serving cell. The serving cell-based TA may cause an interference problem at a neighbor cell since the distance to the neighbor cell is farther than the serving cell, so Rel-17 NR positioning needs to consider cell/TRP-specific TA.
Proposal 2:
· Rel-17 NR positioning needs to study on cell/TRP-specific TA considering interference problem at a neighbour cell.

In Rel-16, power control parameters such as path-loss reference are configured for each SRS resource set for positioning, but the transmission beam is configured for each SRS resource. In consideration of the currently supported procedure, it might restrict the gNB configuration since the gNB would need to configure the same target neighbor cell for the spatial relation and path-loss reference, so multiple path-loss reference RSs per SRS resource set need to be considered.

TDOA and Multi-RTT
For high accuracy positioning in horizontal plane, it is necessary to consider height difference between the gNB/TRP and the UE. In particular, for InF scenario, the height of TRPs/gNBs would not be quite different, and this leads to positioning accuracy degradation for the three-dimensional TDOA, so two-dimensional DL-TDOA is highly demanded. We describe this issue by taking a simple example based on Figure 1 in below. Let us assume that location server wants to find the UE’s location by using NR positioning technique based on timing measurement, so the UE is indicated to obtain timing measurements for the three TRPs and report them. In Figure 1, two-dimensional distances between the UE and TRPs are respectively denoted as  and .
The propagated distances through which the signals are actually transmitted from TRPs corresponding to three-dimensional paths denoted as  and  in this figure, and the UE actually estimates timing measurement for those signal paths, but the UE’s location in horizontal plane should be actually estimated based on  and . For example, depending on “the height difference between TRP1 and the UE” and “the distance between TRP1 and the UE”, the difference between and  could be high so that it can cause to exceed the horizontal positioning accuracy requirement.
In Rel-17, the accuracy requirement is quite challenging, so potential enhancement need to consider the horizontal accuracy degradation according to the height difference between UEs and TRPs. In addition, it might be beneficial to study on multiple references for DL-TDOA technique to improve the accuracy performance with consideration of UE antenna panels.
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[bookmark: _Ref40370915]Figure 1. An illustrative example of the height difference between the UE and the TRP

Proposal 3:
· For DL-TDOA and Multi-RTT, the performance impact according to the height difference between a UE and a TRP needs to be studied at least for InF scenarios.

DL-AoD
DL-AoD (Angle of Departure) positioning technique has been introduced in Rel-16 NR positioning. In the current DL-AoD technique, the UE’s location is estimated through multiple RSRP measurements corresponding to the multiple transmission beam directions. However, sometimes a transmission beam direction maximizing RSRP could be different from a transmission beam direction for LoS signal path between the TRP and the UE. As shown in Figure 2, there may be obstacle(s) between the UE and TRP where the obstacle causes high penetration loss for the transmission signals from TRP. For example, as shown in Figure 2, location server would estimate the UE’s location in the transmission beam direction corresponding to RSRP maximization, which could results in non-negligible positioning accuracy error for either or both of the horizontal and vertical plane. As a potential enhancement of Rel-17 NR positioning, timing measurement based DL-AoD technique needs to be considered.
Proposal 4:
· As a potential enhancement of Rel-17 NR positioning, timing measurement based DL-AoD technique needs to be considered.
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[bookmark: _Ref40382314]Figure 2. An illustrative example of the transmission beam directions for AoD based positioning.

In Rel-16 NR positioning, it was introduced that the UEs report reception beam index used to obtain RSRP measurement for a specific PRS resource.
	Agreement:
· When the UE reports DL PRS-RSRP measurement on DL PRS resources from one DL PRS resource set, the UE may report the nr-DL-PRS-RxBeamIndex to associate with each of the RSRP measurement in the report if for each nr-DL-PRS-RxBeamIndex reported there are at least 2 RSRP measurements associated with it within the DL PRS resource set.
· The DL PRS-RSRP measurements for a TRP reported with the same nr-DL-PRS-RxBeamIndex have been received using the same Rx beam.
· Note: In the current LPP spec, nr-DL-PRS-RxbeamIndex is only reported for DL-AoD measurement.s


In the current phase, it is unclear how the location server utilizes the RX beam index to find UE’s location since the location server cannot know the RX beam direction at the UE corresponding to the RX beam index, even if the UE reports the RX beam index. Besides, there is another issue on how to interpret the same RX beam index reported in two different reporting instances. Although the UE reports the same RX beam index at two different reporting time instances, the same RX beam index does not guarantee the same beam direction due to the variation of UE’s position and/or orientation. In Rel-17 NR positioning, we need to study how to effectively use the RX beam information for positioning. Also, the effective signalling method would be required for the RX beam direction associated with the RX beam index. For example, signalling for RX beam angle or RS related information could be a candidate solution.
Proposal 5:
· Rel-17 NR positioning SI needs to study how to use the UE’s RX beam index reporting for positioning.

UL-TDOA
In UL-TDOA technique, gNB/TRP estimates and reports RTOA (Relative Time Of Arrival) for the SRS resources transmitted from the UE. For the enhancement of UL-TDOA, we need to study the impact of variation of the SRS transmission timing at the UE. As an example, let us consider a SRS resource for positioning which is periodically transmitted, and then the gNB/TRP would periodically estimate RTOA for the SRS resource. If the UE changes uplink transmission time between SRS transmission occasions/periods according to change of downlink reception time, then the RTOA measurement value for a single SRS resource could be different. Even if how to decide RTOA measurement value for reporting is up to the gNB, it might be worthwhile to study the performance degradation according to the transmission timing change and identify necessary enhancements.

Proposal 6:
· Need a study to find solution(s) to minimize accuracy degradation according to the transmission timing change between SRS transmission occasions especially for UL-TDOA technique.
Enhancement of Latency and device efficiency
In consideration of UE’s mobility, low latency requirement is closely related to the positioning accuracy since a valid time duration of an estimated UE’s location is highly limited. Latency enhancement is one of the crucial topics in Rel-17 NR positioning enhancements [1], and the study on both the higher layer positioning latency and physical layer latency were agreed [2], but we suggest that RAN1 discusses the physical-layer latency with higher priority since it is difficult to touch higher layer latency in RAN1. In addition, device efficiency such as computational complexity is also one of the important issue in Rel-17 NR positioning.
SFN PRS with Cyclic shift
In our view, it is essential to reduce the latency while ensuring accuracy performance above a certain level. The UE needs to obtain PRS measurement transmitted from many TRPs in one symbol. However, the UE’s DL PRS processing capability is limited, so it should also be considered.
SFN PRS with cyclic shift would be a good approach especially for the InF scenarios, since the propagation delay is about 1 us even in a huge industrial hall of length 30 m. A common PRS sequence applied with intentional time-domain delays can be used to detect TOA(s) from multiple gNBs/TPs, which is beneficial to the UE complexity since it only requires a single cross-correlation computation. Furthermore, by this approach, the orthogonal transmission of more than 12 TRPs is possible in a single symbol, so the UE can attain measurements for a lot of TRPs with low latency and low complexity.
More specifically, if multiple gNBs/TPs transmit a common PRS sequence with different delays and those delay information is known to the UE(s), the UE(s) can detect the ToA(s) for the PRS transmitted from each gNB/TP. We can consider the cyclic shifted version of a common sequence based on the current sequence and orthogonal sequence.
Proposal 7:
· NR should consider cyclic shift based SFN transmission of PRS.
· Need to study on benefit of the simultaneous transmission of a common PRS sequence with different intentional cyclic time-domain delays.

In consideration of the physical layer latency, 1-symbol PRS resource needs to be introduced in Rel-17 NR positioning, and the coverage and hearability of 1-symbol PRS resource could be enough for the InF scenarios since the distance between a TRP and a UE is not far. For example, the size of small hall is 120m x 60m, and ISD is 20 m.
Proposal 8:
· Support 1-symbol PRS resource for Rel-17 NR positioning.

In addition, the UE is not expected to process DL PRS without configuration of measurement gap in the current Rel-16 NR positioning, so latency for the request and configuration of the measurement gap is unavoidable. In Rel-17, DL PRS processing should be supported without configuration of measurement gap. 

Reporting Latency Reduction
The physical layer latency is largely composed of the latency required to obtain PRS measurement and the latency for PRS measurement reporting. The proposal in section 2.2.1 would be beneficial to reduce the latency for PRS measurement. 
In terms of the latency and accuracy performance, it would be best that the UE reports all PRS measurements at once to the gNB, and the timely configured PUSCH for the measurement reporting might be important for the low latency reporting. However, even if the UL grant is timely configured for PRS measurement reporting, if the reporting information exceeds the data container for reporting, the UE needs scheduling request to report the remaining measurement information, which results in additional reporting latency. Thus, in Rel-17, RAN1 needs a study on the reporting latency reduction considering the physical layer procedure of scheduling request, and needs a study on the performance impact when the additional latency is required to report the remaining measurements.

Proposal 9:
· In Rel-17, RAN1 needs a study on the reporting latency reduction considering the physical layer procedure for scheduling request and positioning performance impact if additional latency is required when the measurement reporting is not available at once.

RRC Idle and Inactive mode
In consideration of device efficiency and latency, positioning support for the UEs in RRC inactive and idle modes is beneficial and this is one of the important issues. In Rel-16, Pos-sib was introduced, so positioning support for RRC inactive/idle UEs is only possible for UE-based DL-TDOA technique. In Rel-17, it also needs to be extended to support UE-assisted positioning technique, since the UEs in RRC idle and inactive mode need extra latency and/or power consumption to be RRC-connected if the positioning measurement reporting is requested by network. 
For this purpose, reuse of the current two-step RACH and/or four-step RACH procedures would be a possible way. For example, the UE in RRC idle and inactive modes is able to perform PRS or SSB measurements, so the UE can calculate timing measurements. Then, MsgA PUSCH of a two-step RACH procedure can be used by the UE to report the timing measurement. In addition, gNB also can transmit MsgB of the two-step RACH that contains gNB RX-TX time difference measurement, which could be used at the UE to compute RTT measurement.

Proposal 10:
· RAN1 needs a study for positioning support of UEs in the RRC idle and inactive modes at least for RA-dependent positioning techniques from the perspective of latency and device efficiency.

Network efficiency
RS overhead could be considered as one of the potential issues in terms of network efficiency. In Rel-16 NR positioning, SSB from serving and neighbouring cells can be used for various purposes such as ECID (Enhanced Cell ID) positioning technique, QCL configuration for DL PRS resources, spatial relation information configuration for SRS resources, and reference RS configuration for path-loss compensation. In order for this, the information on SSB is shared between gNB, location server, and UE(s).
In addition to ECID technique, SSB could be discussed as a possible candidate used for other techniques in NR positioning, which is transmitted in a burst form with periodicity from 5 ms to 160 ms, so the UE could obtain measurements continuously. In addition to SS-RSRP measurement, timing measurements from the SSB could be also appropriate for the OTDOA and/or multi-cell RTT technique(s), even though the bandwidth size is limited, 20 RBs signals would be useful to rough or initial estimation of the UE’s location. For some UEs which require relatively low positioning accuracy requirement, SSB could be used without PRS configuration, which resultantly could be helpful for PRS overhead reduction when the number of UEs is large enough.
As another perspective of network efficiency, on-demand PRS might be helpful. It was agreed in Rel-16 NR positioning but there was no specific discussion. A study might be needed to figure out how useful it is in terms of network efficiency, and identify the potential impacts from the perspective of RAN1.

Proposal 11: 
· In Rel-17, RAN1 needs a study on RS overhead reduction by introducing the SSB for timing measurement and the on-demand type PRS. 

Conclusion
In this contribution, we have discussed potential enhancements for Rel-17 NR positioning, and our proposals are summarized below. 

Proposal 1:
· Rel-17 NR positioning needs a study on TX/RX beam optimization for the timing measurements for the improvement of positioning accuracy.

Proposal 2:
· Rel-17 NR positioning needs to study on cell/TRP-specific TA considering interference problem at a neighbour cell.

Proposal 3:
· For DL-TDOA and Multi-RTT, the performance impact according to the height difference between a UE and a TRP needs to be studied at least for InF scenarios.

Proposal 4:
· As a potential enhancement of Rel-17 NR positioning, timing measurement based DL-AoD technique needs to be considered.

Proposal 5:
· Rel-17 NR positioning SI needs to study how to use the UE’s RX beam index reporting for positioning.

Proposal 6:
· Need a study to find solution(s) to minimize accuracy degradation according to the transmission timing change between SRS transmission occasions especially for UL-TDOA technique.


Proposal 7:
· NR should consider cyclic shift based SFN transmission of PRS.
· Need to study on benefit of the simultaneous transmission of a common PRS sequence with different intentional cyclic time-domain delays.

Proposal 8:
· Support 1-symbol PRS resource for Rel-17 NR positioning.

Proposal 9:
· In Rel-17, RAN1 needs a study on the reporting latency reduction considering the physical layer procedure for scheduling request and positioning performance impact if additional latency is required when the measurement reporting is not available at once.

Proposal 10:
· RAN1 needs a study for positioning support of UEs in the RRC idle and inactive modes at least for RA-dependent positioning techniques from the perspective of latency and device efficiency.

Proposal 11: 
· In Rel-17, RAN1 needs a study on RS overhead reduction by introducing the SSB for timing measurement and the on-demand type PRS. 
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