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Introduction

One of the study item objectives is to identify and evaluate positioning techniques, DL/UL positioning reference signals, signaling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency [1]. Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case.

At RAN2#111e [3], the following agreements were made related to positioning

RAN2 to study positioning in idle/inactive mode, on-demand PRS and latency analysis in the study phase.

As well as the following email discussion on positioning end-to-end latency, 

[bookmark: _GoBack][Post111-e][625][POS] End-to-end latency analysis (Intel) [4]. With the scope to discuss which nodes and which procedures are involved in a positioning latency analysis, and capture expected latency values where possible.

In this contribution, we discuss our views on potential techniques which are basically the enhancements to Rel-16 positioning techniques in order to meet NR positioning commercial (including Industrial IoT) requirements in Rel-17.

Discussions
During NR-Rel16, the following RAT dependent positioning techniques were identified:
 
· Downlink Time Difference of Arrival (DL-TDOA), 
· Uplink Time Difference of Arrival (UL-TDOA), 
· Multi-Cell Round Trip Time (Multi-RTT), 
· Downlink Angle of Departure (DL-AoD), 
· Uplink Angle of Arrival (UL-AoA), and 
· Enhanced Cell ID (E-CID).

We consider potential positioning techniques that are targeting to fulfil NR positioning commercial requirement in Rel-17 shall be based on the aforementioned techniques. The motivation is to minimize any potential hardware impacts on both gNB and UE and also to minimize the signalling between UE to gNB or Location Server (LS). The following are some of the potential techniques.



Enhancements of NR Positioning Procedures and Signalling
Positioning RRC Idle/Inactive

Positioning in RRC idle/inactive is one of the potential positioning techniques in Rel-17. In RAN1 102e meeting, a number of agreements were made [2]:
· NR positioning for UEs in RRC_IDLE state and UEs in RRC_INACTIVE state will be investigated in Rel-17, including the benefits on latency, network/UE efficiency and UE power consumption
· FFS: which positioning methods to be supported, e.g., DL positioning, UL positioning, DL+UL positioning and/or Multi-RTT
· FFS: the details of how to enable the UE positioning in RRC_IDLE state and RRC_INACTIVE state
· Reference signals (e.g., based on DL PRS signals, UL SRS signals, both of them, etc.)
· Signaling and procedures (e.g., based on PRACH procedure, paging triggered UL SRS transmission, etc.)

In NR supporting DL-TDOA, the UE can expect the legacy DL PRS is always available regardless of the UE states (connected, idle, inactive). While the UE is in idle mode, in practice, the UE would still be able to perform downlink measurement based on the received DL PRS. The positioning measurement report can be transmitted in a form of small data or preconfigured uplink resource (PUR) which are currently still under discussion in separate work item. PUR has also been used in LTE MTC/NB-IoT. Once, small data transmission feature is approved, it can be utilized for positioning purpose.

Observation 1: Idle mode small data uplink transmission and/or PUR can be used for positioning measurement reporting.

As for the uplink positioning, the transmission of UL SRS while the UE is in idle mode should be studied to support positioning purpose. This could reduce latency and UE power consumption as the UE is only required to transmit UL SRS. The remaining positioning measurement is performed at the gNB.

In both techniques above, the UE can receive positioning request via paging message or downlink message during RACH procedure. Alternatively, the UE can be configured (while in connected mode) to perform positioning in certain time with certain periodicity while the UE in idle/inactive mode. 

Proposal 1: Support both DL-TDOA and UL-TDOA Positioning in RRC idle/inactive 

On demand PRS

The operation of on-demand DL PRS is expected to reduce the positioning latency and improve device efficiency (e.g., reducing the resource usage and power consumption). In RAN1#102e meeting, we made the following agreements [2]:

· Semi-persistent and a-periodic transmission and reception of DL PRS will be investigated in Rel-17.
· FFS: the details on when and how to enable semi-persistent and a-periodic DL PRS
· FFS: to be supported for which positioning methods, e.g.,
· UE-assisted and/or UE-based positioning
· DL positioning and/or Multi-RTT
· On-demand transmission and reception of DL PRS will be investigated in Rel-17.
· FFS: the details on when and how to enable on-demand DL PRS
· FFS: to be supported for which positioning methods, e.g.,
· UE-assisted and/or UE-based positioning
· DL positioning and/or Multi-RTT
· Notes: 
· Semi-persistent means MAC-CE triggered
· Aperiodic would correspond to DCI-triggered.
· On-demand corresponds to the UE-initiated or network-initiated request of PRS and/or SRS. So, it is NOT the same as whether PRS is DCI-triggered or MAC-CE triggered. It is about UE or LMF request/suggesting/recommending specific PRS pattern, ON/OFF, periodicity, BW, etc.

We consider the DL-PRS of on-demand positioning can be transmitted in relation to the legacy / periodic PRS transmission. The on-demand positioning is characteristically used to provide high accuracy positioning and/or low latency positioning. Allocating frequent high number of DL-PRS may not be efficient in term of overall network resources. High accurate positioning is also not always needed or needed by some UEs only. One example is the on-demand PRS is FDMed with the periodic PRS. Hence, large aggregated PRS can be available in certain time and duration for DL-PRS measurement purpose. Another example is the on-demand PRS is TDMed with the periodic PRS. Hence, the on-demand PRS may have a specific spatial filtering and/or numerology.

Proposal 2: On-demand PRS can be transmitted in relation with the legacy / periodic PRS transmission. Both on-demand and periodic PRS can be multiplexed in FDM and TDM.

We also consider that on-demand PRS can be facilitated by supporting aperiodic and semi-persistent DL PRS transmission.

Proposal 3: Support semi-persistent and a-periodic transmission and reception of DL PRS that can be used for DL-TDOA and Multi-RTT.

Furthermore, we also consider that on-demand PRA can be triggered to meet certain positioning service level. For example, in the first positioning estimation, an LS can expect a rough positioning estimate and in the second step where on-demand PRS is triggered to meet positioning service level with tighter requirement. The positioning service level is described in section 2.1.3.

Proposal 4: On demand PRS (or SRS) can be triggered to meet the required positioning service level.

On-demand PRS requires configuration and RAN2 level specifications.

Proposal 5: On-demand PRS functionality needs to be specified also in RAN2.

Providing Positioning Service level

The positioning requirements (accuracy and latency) in Rel-17 is expected to be more stringent than the requirements in Rel-16. The positioning accuracy can be 20 cm and this is relatively much smaller than the commercial requirement in Rel-16. Furthermore, the positioning latency can also be in the order of 10s milli-seconds. In some cases, a UE requires higher positioning accuracy but does not require low latency. In some other cases, a UE may require high positioning accuracy and low latency depending on the use-cases. In RAN1 #102e, it was discussed to introduce positioning service level. Each level represents certain positioning accuracy and latency requirement.
We are supportive to introduce service level in positioning requirements in which each level represent both positioning accuracy and latency. The accuracy range can be from 0.2m to 3m. Note: Horizontal accuracy with 3 m is as used in NR Rel-16). The details of service level positioning requirements can be further discussed in RAN2.

Proposal 6: Support different service level in which each level represents both positioning accuracy and latency. 
Positioning Latency Reduction
Low latency positioning is one of the KPI in NR positioning enhancement study in Rel-17. Based on the discussions in the previous meeting, the latency of the legacy NR positioning is still relatively high (e.g. more than 1000 ms) in comparison to the expected positioning latency target in Rel-17 (10s of ms). In RAN1#102e meeting, a number of agreements were made [3]: 
· For reducing NR positioning latency, more efficient signaling & procedures will be investigated to enable a device to request and report positioning information, which may include, but not limited to, the following aspects:
· DL PRS/UL SRS configuration, activation or triggering.
· The request for positioning information (the assistance data, etc.).
· The report of positioning information (the measurement report, etc.).
· Note: It is not within RAN1 scope to analyze positioning architecture enhancements to enable such more efficient signaling & procedures. 
· Note: RAN1 does not make any assumptions on whether the LCS architecture specified in TS 23.273 is enhanced or not.
End to end latency:
In our companion contribution in RAN1 [5], we discussed the best achievable physical layer latency of DL-TDoA in Rel-16. We observed, it is still far higher than 10 ms as the expected physical layer latency in Rel-17. In our view, RAN1 shall focus on reduction of physical layer latency. This covers at least related to the triggering aspect, reference signal transmission, processing (e.g. measurement), and reporting of the positioning measurements. In case of downlink-based positioning, physical layer latency Start and End times are defined as follows [3]:

	Method
	Start
	End

	UE assisted DL-only & DL-ECID & Multi-RTT
	Transmission of the PDSCH from the gNB carrying the LPP Request Location Information message
	Successful decoding of the PUSCH carrying the LPP Provide Location Information message 



In case of DL-PRS transmission with low latency support, we can consider it can be triggered by L1-procedure. Hence, a DCI carries information of DL-PRS allocation is needed. This can significantly shorten the measurement gap, especially if the gNB has been configured with long PRS periodicity.

Positioning latency requirements includes both end-to-end positioning latency and physical layer positioning latency. On end-to-end latency, RAN1 has sent an LS to RAN2 for analysis of latency of NR positioning protocols defined in Rel.16 including any potential enhancements, since end-to-end latency may involve higher layer protocol and signaling to core-network. Furthermore end to end latency also has core network aspects.

One simplified example for legacy signalling sequence affecting the end to end latency for UE assisted DL-only (DL-TDoA) is elaborated here, and shown in  Figure 1. LS sends a positioning measurement request to the UE via LPP protocol (and transparent to gNB). The time when the UE receives this request is considered as the start of physical layer latency. The UE performs measurements of the PRS from multiple gNB´s within a measurement gap as the PRS may have different configuration with the existing UE active bandwidth part (BWP). Once the UE has obtained the positioning measurement data, the UE sends an uplink scheduling request (SR) to the serving gNB. The serving gNB sends the corresponding UL grant in downlink control channel (PDCCH). The UE then finally transmits the positioning measurement reports in uplink data channel (PUSCH) to the LS. The time when the gNB manages to decode PUSCH is known as end of physical layer positioning latency. There are multiple steps involved within the start and the end as described above. In the last meeting, it was proposed to define 10ms as physical layer latency for IIoT use-cases.

[bookmark: _Ref46932185]Figure 1: Signalling mechanism in DL-TDOA positioning technique
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Proposal 7: End-to-end positioning latency analysis requires involvement from the following WGs: RAN1, RAN2, RAN3 and SA2.

Measurement report:
Another component that can contribute to positioning latency reduction is the transmission of positioning measurement report. In the legacy NR positioning, once the UE obtains positioning measurement report the UE transmits scheduling request, requesting uplink allocation (PUSCH) with positioning measurement report as the payload. Then, the UE needs to wait for the reception of uplink grant in PDCCH prior to the PUSCH transmission. When the LS transmits positioning request to the UE, the LS can also make the serving gNB aware of the transmission of positioning request to one of the UE in that cell. To shorten this step, we consider to introduce a positioning measurement report, with configured grant (CG) mechanism. The gNB can allocate resources for the UE that has been requested to perform positioning procedure. The configured grant resources are used by the UE to transmit the positioning measurement results. Note: configured grant mechanism has been part of the NR URLLC. Hence, the specification impact can be kept minimum.
In case configured grant is not deployed, we can also consider the UE to skip scheduling request (SR) transmission. In addition, as the process in the legacy approach, it is not guaranteed that the gNB receives or immediately allocate the uplink resources (PUSCH). This will further increase the latency. A method to reduce the latency is to configure the UE to monitor downlink control channel (PDCCH) containing uplink grant after the measurement gap.

In RAN2, responsible to support the signalling between the UE and gNB or basically related to RAN procedures covering LPP signalling, RRC signalling, and MAC layer. Optimization in those aspect can facilitate L1 improvement, including measurement reporting.

Proposal 8: Positioning latency reduction is facilitated by RAN2 in the context of RAN procedures/protocol on LPP signalling, RRC signalling, and MAC layer. 

Interference Mitigation

Part of the effort to improve positioning accuracy is to deploy a densified network in which the network deploys many reference points (e.g. Transmission/Reception Point (TRP)) in a rather small area. The reference points, with known positions, transmit reference signals and the UE performs positioning measurements based on those reference signals. However, if not handled properly, the huge number of reference points that simultaneously transmit positioning reference signal (PRS) may create signal interference, which will degrade the received reference signal quality at the UE side.

PRS transmissions shall be coordinated and adapted according to the needs of IIoT applications. By controlling the PRS transmission in a dense network, the interference can be mitigated and hence one can improve the received reference signal quality at the UE side. The interference of PRS can be mitigated by introduction a new PRS resource pattern that is especially designed for dense network deployment. The usage of aperiodic PRS as proposed above can also be considered. Hence, only a few selected gNBs transmit PRS.

Proposal 9: Support coordinated PRS transmission to mitigate interference of PRS transmission. This may require modification of existing signalling between LS <-> gNB and/or gNB <-> gNB.

Summary
In this contribution, we have discussed our view on potential positioning enhancements in NR. Our observation and proposals are listed below:

Observation 1: Idle mode small data uplink transmission and/or PUR can be used for positioning measurement reporting.

Proposal 1: Support both DL-TDOA and UL-TDOA Positioning in RRC idle/inactive 

Proposal 2: On-demand PRS can be transmitted in relation with the legacy / periodic PRS transmission. Both on-demand and periodic PRS can be multiplexed in FDM and TDM

Proposal 3: Support semi-persistent and a-periodic transmission and reception of DL PRS that can be used for DL-TDOA and Multi-RTT.

Proposal 4: On demand PRS (or SRS) can be triggered to meet the required positioning service level.

Proposal 5: On-demand PRS functionality needs to be specified also in RAN2.

Proposal 6: Support different service level in which each level represents both positioning accuracy and latency. 

Proposal 7: End-to-end positioning latency analysis requires involvement from the following WGs: RAN1, RAN2, RAN3 and SA2.

Proposal 8: Positioning latency reduction is facilitated by RAN2 in the context of RAN procedures/protocol on LPP signalling, RRC signalling, and MAC layer. 

Proposal 9: Support coordinated PRS transmission to mitigate interference of PRS transmission. This may require modification of existing signalling between LS <-> gNB and/or gNB <-> gNB.
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