[bookmark: _Ref452454252]3GPP TSG RAN WG2 Meeting #116-e                	R2-2110361
Online meeting, 1 -12 November 2021
Agenda Item: 	8.11.4 
Source:		Sony 
[bookmark: Title]Title:			Considerations on positioning PRS On-demand
[bookmark: DocumentFor]Document for:	Discussion & Decision
1 Introduction

At RAN plenary #91, the following revised WID was agreed [2], with new objectives based on mainly the conclusion of the RAN2 part of the positioning study item [1]. 

	
· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1, RAN2, RAN3, RAN4]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions

· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1, RAN2, RAN3]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.

· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· [bookmark: _Hlk67643864]Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]

· [bookmark: _Hlk67643273]Specify methods, measurements, signalling and procedures to support positioning for UEs in RRC_ INACTIVE state, for UE-based and UE-assisted positioning solutions, including [RAN2, RAN1, RAN3,RAN4]:
· DL NR positioning methods and RAT-independent positioning methods 
· Support of UE positioning measurements for UEs in RRC_INACTIVE state
· Reporting of positioning measurement or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE state
Note: this work will be coordinated with the SDT WI. 
· As 2nd priority:
· UL and DL+UL NR positioning methods
· Support of gNB positioning measurements for UEs in RRC_INACTIVE state
· Specify on-demand transmission and reception of DL PRS for DL and DL+UL positioning for UE-based and UE-assisted positioning solutions, including: [RAN2, RAN1, RAN3]
· UE-initiated request of on-demand DL PRS transmission; 
· LMF (network)-initiated request of on-demand DL PRS transmission; 

· Specify the signalling, and procedures to support GNSS positioning integrity determination, including [RAN2, RAN3]:
· The assistance information that will be used to support integrity determination
· The information that will be used to provide the positioning integrity KPIs and integrity results
· Support of integrity for UE-based and UE-assisted A-GNSS positioning.
[bookmark: _Hlk67595233]Note: This objective is applicable to NR and E-UTRA.

· Support the following enhancements of A-GNSS positioning  [RAN2, RAN3, RAN4]
· Specify support for BDS B2a signal
· Specify support for BDS B3I signal
· Specify support for NavIC to NR
Note: This objective is applicable to NR and E-UTRA.

· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]

· Discuss and specify new as well as the impact on the existing RAN4 requirements for positioning and other RRM measurements and corresponding procedures [RAN4]

· Define extensions of signalling, protocol and procedure for NR positioning enhancement, as needed [RAN3] 






At RAN2#113bis e meeting [3], the following agreements were made related to On-demand PRS;


Agreements:
UE-initiated on-demand PRS request is enabled by enhancing LPP RequestAssistanceData.  FFS how much control the network has over the UE request.
The UE-initiated mechanism is enabled by the UE request triggering a request from the LMF, and the actual PRS changes are requested by the LMF irrespective of whether the procedure is UE- or LMF-initiated.
Put the stage 2 description for UE-initiated and LMF-initiated PRS request under the same framework.


At RAN2#114-e-meeting [4], the following agreements were made related to On-demand PRS.

	On demand PRS
· The network can signal predefined PRS configurations to the UE and the UE can select one to request.  FFS if the UE can request a configuration with different parameters and exactly which parameters are flexible.
· Define a new LPP assistance data IE which can contain a set of possible on-demand DL-PRS configurations, where each on-demand DL-PRS configuration has an associated identifier. 
· The new LPP assistance data IE from Proposal 2 can be included in an LPP Provide Assistance Data message and/or a new posSIB.
· The procedure(s) for on-demand DL-PRS should support at least the following functionality (up to RAN3 what is in NRPPa vs. OAM, etc.):
· Providing the requested on-demand DL-PRS configuration information from an LMF to the gNB (e.g., explicit parameter or identifier of a predefined DL-PRS configuration), and confirmation of the request by the gNB
· Provision of (possible/allowed) on-demand DL-PRS configurations that the gNB can support from a gNB to an LMF
· TRP capability transfer (e.g., whether the RAN node supports the reconfiguration of DL-PRS, etc.)
· [Post114-e][608][POS] LS to RAN3 on on-demand PRS (Ericsson)
· [Post114-e][609][POS] LS to RAN1 on parameters for on-demand PRS (Intel)
· Post114-e][603][POS] Procedures and signalling for on-demand PRS (Ericsson)




At RAN2#115e meeting [5], the following agreements were made, 

Agreements:
Before providing available DL-PRS configuration to the UE, the LMF may obtain configuration information on what DL-PRS can be supported from one or more TRPs via NRPPa.
Capture the steps provided above as a baseline, along with a note indicating it remains FFS if the UE can send the MO-LR to request on-demand PRS.
FFS if we indicate to SA2 that MO-LR can be used to trigger on-demand PRS procedure.
It is up to Network (LMF) implementation on the steps to follow (accept/reject/ignore) on receiving request from UE for changing the DL-PRS configurations.

In this contribution, we discuss our views on introduction of the support for On-demand PRS transmissions.

2 Discussions on On-demand PRS
In the following section we discuss, On-demand PRS transmission in respect to transmission, reception and triggering related to service level.

2.1 On demand PRS

The operation of on-demand DL PRS is expected to reduce positioning latency and improve positioning accuracy. Positioning latency can be reduced by allowing on-demand PRS transmission. For example, it can be the PRS transmission between the interval of periodic PRS transmission. Positioning accuracy can also be improved by allowing on-demand PRS so that more PRS resources can be available (e.g. wider PRS transmission). More PRS resources can improve the positioning measurement. Hence, the positioning estimation can also be improved. PRS transmission is transmitted by gNB/TRP. However, in term of initiation of PRS transmission, it can be UE-initiated or LMF-initiated.

At the RAN2#113bis meeting, it was agreed to support both UE initiated and LMF initiated on-demand PRS.

Further at RAN2#114e is was agreed to support provision of either pre-defined DL PRS configuration or explicit parameters for DL PRS configuration.

Besides on how configuration can be provisioned, 
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 1: 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. This can be facilitated by providing additional signalling from LMF to gNB. For example, an indication for the gNB to transmit PRS at a given time using certain PRS resources.

Proposal 2: 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 PRS can be triggered to meet certain positioning service level. For example, in case of UE-initiated positioning, the UE may request on-demand PRS. We expect the UE would also know the required positioning accuracy and/or latency prior to the positioning measurement / estimation operation. It would be beneficial if the UE also inform the required positioning accuracy and/or latency preferences together with the request for on-demand PRS. By knowing the required positioning accuracy and/or latency, the on-demand PRS can be provided accordingly. For example, if the UE requires high accuracy positioning, the LMF can provide PRS configuration with a large number of PRS resources. The required positioning accuracy and/or latency can be in a form of positioning requirements or positioning service level. 

Proposal 3: Support the indication of positioning requirement / service level in the on-demand PRS operation.

2.2 On-Demand PRS for two-stage beam sweeping
On-Demand PRS for two-stage beam sweeping has been discussed in RAN1, in which it can also be discussed in RAN2. We consider two-stage beam sweeping is beneficial to improve positioning accuracy, especially with the operation of on-demand PRS. In our view, beam sweeping can be divided into two stages. In the first stage, gNB preforms normal beam sweeping covering the full range (0~ in FR2 and 0~180º in FR1).  This is performed in the first resource set. In the second stage, gNB performs beam sweeping in a smaller range in the second resource set. Due to the greater beam density than the first stage, UE can obtain an estimated angular domain with a higher granularity in the second stage. Hence, the accuracy can be improved. 
To illustrate the enhancement by increasing beam density, we provide following simulation results. It should be noted that the beam density here is defined as the number of beams swept in a unit of degree. The simulation is performed in INF-SH scenario and FR2 frequency range. It is assumed that the beam sweeping range is 0~120º. In the first case, we used only 4 Tx sweeping beams. In the following four cases, we increased the number of beams in each case by 4 gradually. 
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Figure 1: DL-AoD positioning performance evaluated by using different Tx beam density (number of beam / sweeping range).
From the figure, we can observe that the horizontal error becomes smaller as the beam density increases. Besides that, one can also find that the performance gain is less significant as the beam density increases. At 16beams/120º, the gain by further increasing the beam density is negligible. This limitation could be due to the beam width. 
This observation also proves that if the two-stage beam sweeping can increase the beam density in the second stage, it will improve the positioning accuracy. Furthermore, if the gNB can configure a smaller sweeping range (e.g. smaller than 120º), less beams would be needed to achieve the optimal density. From the resource usage perspective, it is more efficient. 
Observation 1: DL-AoD positioning accuracy can be improved by increasing beam density (number of beam / sweeping range). Simulation also shows that the improvement becomes insignificant when the beam density reaches a certain value (e.g., 16beams/120º in InF-SH, FR2). 
In order to facilitate two-stage beam sweeping operation, we consider LMF to assists the gNB in operating the beam sweeping for PRS transmission. After the first stage of beam sweeping, UE reports the beams that covers the whole range to LMF. LMF estimates a UE location and the corresponding uncertainty. These can also be transferred to an expected AoD range. Based on the expected AoD range, LMF can configure certain PRS resources by on-demand PRS. As an alternative, LMF can also choose to inform the gNB of the expected AoD range via assistance information. gNB can configure the sweeping beam by itself.
Proposal 4: Support LMF to assist gNBs  to facilitate the two-stage beam sweeping operation. It can be performed such as LMF configures sweeping beam directly by on-demand PRS, or LMF sent assistance information to gNB (e.g., the expected AoD range, beam width). 
As two-stage beam sweeping is basically based on PRS transmission. We consider two-stage beam sweeping can be applied to DL-based positioning method, such as DL-AOD and DL-TDOA.
Proposal 5: Support two-stage beam sweeping for DL-AOD and DL-TDOA positioning

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

Proposal 1: 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 2: Support semi-persistent and a-periodic transmission and reception of DL PRS that can be used for DL-TDOA and Multi-RTT.

Proposal 3: Support the indication of positioning requirement / service level in the on-demand PRS operation.

Observation 1: DL-AoD positioning accuracy can be improved by increasing beam density (number of beam / sweeping range). Simulation also shows that the improvement becomes insignificant when the beam density reaches a certain value (e.g., 16beams/120º in InF-SH, FR2). 

Proposal 4: Support LMF to assist gNBs  to facilitate the two-stage beam sweeping operation. It can be performed such as LMF configures sweeping beam directly by on-demand PRS, or LMF sent assistance information to gNB (e.g., the expected AoD range, beam width).

Proposal 5: Support two-stage beam sweeping for DL-AOD and DL-TDOA positioning
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