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Introduction
For the purpose of Rel-17 NR positioning enhancements, RAN1 centric objectives were agreed as follows [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]
· 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]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
Note: RAN1 will discuss the candidate solutions and provide updates for this objective, with status to be reviewed in RAN#91e.


The current WID mostly focuses on the accuracy performance improvement for the various positioning solutions, but latency and UE/network efficiency improvement also deserves to be discussed. Thus, this contribution discusses on potential enhancement issues on latency and efficiency improvements.

Positioning support of UEs in RRC-inactive state
In the RAN2 previous meetings [2][3], followings were agreed:
	Agreements [2]
· RAN2 to study positioning in idle/inactive mode, on-demand PRS and latency analysis in the study phase.
Agreements [3]:
· Positioning measurement reporting (including location estimates for UE-based) should be supported in RRC_INACTIVE; involvement of SDT is FFS.  Reporting of specific measurements is pending RAN1 decision.


By supporting positioning in RRC idle/inactive state, the power consumption and latency would be reduced since UEs do not need to enter RRC connected state for positioning measurement. However, there are potential areas that need to be enhanced because the LPP connection between UE and LMF is disconnected in RRC idle/inactive state. In this document, we will introduce the problems when UE tries to positioning measurement in RRC idle/inactive state and we also suggest solutions to resolve them.
DL method in RRC idle/inactive state
For R-16, there are two ways to give UEs an information related with DL positioning method, i.e. through LPP PDUs (i.e. NAS) or positioning system information. In case of assistance data, UEs in RRC idle/inactive state can obtain the information via system information even though UEs cannot received the information through LPP PDUs. In the result, UE may estimate the position based on PRS measurement regardless of positioning methods (e.g. UE-based, UE-assist). However, In case of UE-assist method, since the resources that are needed for measurement report are not configured, we need to consider how to report DL-PRS measurement result to LMF. In addition, there might be some deployment scenarios where only minimum SIB is accessible and the minimum SIB does not contain posSIB. And then, if dedicated PRS configuration is possible, resources can be used efficiently and more accurate location estimation can be acquired. 
Observation 1:
· To support DL positioning measurement in idle/inactive states, followings are observed:
· For both UE-assist and UE-based method,
· Regardless of positioning methods (e.g. UE-based, UE-assist), UE may perform positioning measurement based on information that is transmitted through system information.
· There might be some deployment scenarios where only minimum SIB is accessible and the minimum SIB does not contain posSIB.
· If dedicated PRS configuration is possible, resources can be used efficiently and more accurate location estimation can be acquired. 
· For UE-assist method, 
· UEs cannot transmit measurement reports unless the resources for measurement report is configured.

To resolve this problem, dedicated signalling should be considered without having to transition to RRC connected state. Since there are some procedures such as paging and RACH before transition to RRC connected state, paging and/or msg2 and/or msg4 and/or msgB can be used for it. Likewise, msg 1 and/or msg 3 and/or msg A can be used for UL data (e.g. measurement gap request, measurement report) transmission. In addition, if signalling is needed for simple purpose such as triggering of positioning measurement, WUS (Wake-up signal) also can be considered. 
UL method in RRC idle/inactive state
In case of SRS, the SRS configuration is only provided by serving gNB in RRC connected mode and the configuration granularity of SRS for positioning is per BWP. From this perspective, we also need to consider how to provide UEs with SRS configuration in RRC idle/inactive state. For this, some channels and signal as described above can be used to deliver the information such as SRS configuration, LCS request, etc.
Proposal 1:
· To support DL/UL positioning method in RRC idle/inactive state, followings should be considered: 
· gNB  UE: assistance data(PRS/SRS configuration), measurement report configuration, measurement gap configuration, LCS request)
· Paging (DCI and/or PDSCH)
· Msg 2 and/or msg4 (in four-step RACH), msgB (in two-step RACH) 
· WUS (if signalling is needed for simple purpose such as triggering of positioning measurement)
· UE  gNB: measurement gap request, measurement report
· Msg1 and/or msg3 (in four-step RACH), msgA (in two-step RACH)

Latency improvement
Reporting Latency Reduction
In the previous meeting [4], regarding physical and end-to-end latency, it was agreed as below:
	Agreement:
· In Rel-17 target positioning requirements for commercial use cases are defined as follows:
· Horizontal position accuracy (< 1 m) for 90% of UEs
· Vertical position accuracy (< 3 m) for 90% of UEs
· End-to-end latency for position estimation of UE (< 100 ms)
· Physical layer latency for position estimation of UE (< 10 ms)
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy (< 0.2 m) for 90% of UEs 
· Vertical position accuracy (< 1 m) for 90% of UEs 
· End-to-end latency for position estimation of UE (< 100ms, in the order of 10 ms is desired)
· Physical layer latency for position estimation of UE (<10ms)
· Note 1: Target positioning requirements may not necessarily be reached for all scenarios and deployments
· Note 2: For some scenarios the requirement for Horizontal position accuracy can be relaxed to < 0.5 m in IIoT use cases.
· Note 3: All positioning techniques may not achieve the target positioning requirements over all scenarios


In addition, both physical layer latency and end-to-end latency for Rel.16 positioning method were analysed and the analysis shows that grant based positioning measurement exceeds target delay 10ms in terms of physical layer. Here, we will introduce some solution to reduce latency. 
Figure 1 shows the grant based positioning measurement procedure from physical layer point of view. 
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[bookmark: _Ref61642943]Figure 1 Physical layer aspect of positioning measurement procedure
According to previous meeting [4], measurement report delay is one of the major components in physical layer perspective. The simplest way to reduce latency is reducing the procedure related with measurement report scheduling request and/or UL grant. For example, when gNB configure measurement gap configuration, if the measurement gap configuration is accompanied by UL grant information, the latency can be reduced. Here, since allocating resources in advance may be inefficient in terms of resource usage, gNB transmits grant after the waiting time for computation in UE without scheduling request as shown Figure 2
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[bookmark: _Ref61642996]Figure 2 An illustrative example of example of method to reduce latency for grant based positioning measurement
Likewise, if measurement gap request includes scheduling request for measurement report, the latency also can be reduced. Another example of reducing procedure is using predefined resource configuration and UE transmit measurement report through it. Like these, latency can be effectively reduced by reducing procedure. RAN1 should consider some mechanisms to reduce latency, thereby reducing procedure.
Observation 2:
· In case of grant based positioning measurement, since the target latency cannot be met, some mechanisms should be considered.
· The simplest way to reduce latency is reducing the procedure related with measurement report scheduling request and/or UL grant.

In addition, 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 buffer size (e.g. padding BSR), the UE needs scheduling request to report the remaining measurement information, which results in additional reporting latency. Thus, RAN1 also needs a study on the retransmission caused by buffer state. An example is that BSR is conveyed in prior channel such as measurement gap request. 
Observation 3:
· The total latency might increase when measurement reports are sent multiple times due to padding BSR

Proposal 2:
· For grant based positioning measurement, followings can be considered for reducing physical layer latency:
· Transmission of measurement gap request including scheduling request and/or BSR
· Transmission of measurement gap configuration accompanied by UL grant
· Pre-configured resources for measurement report
· UL grant transmission without scheduling request in accordance with predefined rule

AP/on-demand PRS
In Rel-17 NR positioning SI, necessity of the on-demand PRS has been discussed. In Rel-16, the assistance data of DL PRS is provided as a positioning system information, which is one of the common information to many UEs. By this configuration, it seems that the DL PRS is “always on” signals since the UEs may always expect PRS transmission through the configured RPS resources, which may lead to unnecessary network overhead. For example, in a certain area, turning on/off the PRS transmission depending on the UE’s positioning request could be helpful for the improvements of resource efficiency. 
For the support of on-demand Multi-RTT, both of the on-demand request of DL PRS and SRS should be supported together. There were discussions on the UE’s on-demand request information such as specific PRS pattern, periodicity, BW, On/Off, etc. Considering that the DL PRS is broadcasted from multiple TRPs/cells to multiple UEs, the network would be difficult to provide each UE with the DL PRS as requested by the UE such as PRS pattern, BW, and so forth, and can lead to increase overhead. In consideration of this, support of on-demand request of the on/off behaviour of the PRS/SRS would be enough to improve network efficiency and PUCCH is be a reasonable way with low latency.
Proposal 3:
· For the purpose of improvements of efficiency and latency performance, support of the on-demand request of the on/off behaviour of the PRS/SRS by PUCCH. 

As a response of the on-demand request of PRS, support of the AP PRS is needed, and the AP PRS is helpful for the improvement of latency performance. In consideration of the area/region covered by multiple TRPs/cells, there might be multiple UEs which require positioning measurement and/or measurement reporting, so group common (GC) PDCCH based AP PRS also needs to be discussed in Rel-17 NR positioning enhancements. A single DCI needs to trigger the AP PRS transmitted from at least three TRPs/gNBs for DL-TDOA and Multi-RTT. RAN1 needs further discussion on how to trigger/support AP PRS considering hierarchical PRS structure. For example, if gNB triggers a specific PRS resource, then frequency layer(s), TRP(s), and PRS resource set need to be indicated since PRS is hierarchically configured with the frequency layer(s), TRP(s), PRS resource set(s), and PRS resource(s).
Proposal 4: 
· For the purpose of latency reduction, support DCI-triggered AP PRS. A single DCI needs to trigger the AP PRS transmitted from at least three TRPs/gNBs for DL-TDOA and Multi-RTT. 
· RAN1 needs discussion on how to trigger AP PRS considering hierarchical PRS structure composed of frequency layer, TRP, PRS resource set, and PRS resource. 

Proposal 5:
· AP PRS triggered by GC-PDCCH needs to be considered to support a group of UEs located in the similar area/region/cell.

In the previous meeting, investigation on AP/SP PRS was agreed. However, the benefits need to be further discussed. The support of AP/SP PRS would be beneficial for latency reduction, but it is questionable that the measurement accuracy/ quality of AP PRS could be guaranteed or not. In addition, for DL-TDOA and Multi-RTT techniques, PRSs transmitted from more than three TRPs should be triggered. To support AP PRS, several points need to be considered as follows.
· PRS configuration structure: PRS is hierarchically configured with the frequency layer(s), TRP(s), PRS resource set(s), and PRS resource(s). If the gNB triggers a specific PRS resource, the frequency layer, TRP, and PRS resource set need to be indicated.
· Triggering with reporting or PRS transmission: If the UE needs to report positioning measurements, AP PRS can be triggered with AP PRS reporting.
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. It can be considered that the cyclic shifted version of a common sequence based on the current sequence and orthogonal sequence.
Proposal 6:
· 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 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. 


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

Observation 1:
· To support DL positioning measurement in idle/inactive states, followings are observed:
· For both UE-assist and UE-based method,
· Regardless of positioning methods (e.g. UE-based, UE-assist), UE may perform positioning measurement based on information that is transmitted through system information.
· There might be some deployment scenarios where only minimum SIB is accessible and the minimum SIB does not contain posSIB.
· If dedicated PRS configuration is possible, resources can be used efficiently and more accurate location estimation can be acquired. 
· For UE-assist method, 
· UEs cannot transmit measurement reports unless the resources for measurement report is configured.

Observation 2:
· In case of grant based positioning measurement, since the target latency cannot be met, some mechanisms should be considered.
· The simplest way to reduce latency is reducing the procedure related with measurement report scheduling request and/or UL grant.

Observation 3:
· The total latency might increase when measurement reports are sent multiple times due to padding BSR

Proposal 1:
· To support DL/UL positioning method in RRC idle/inactive state, followings should be considered: 
· gNB  UE: assistance data(PRS/SRS configuration), measurement report configuration, measurement gap configuration, LCS request)
· Paging (DCI and/or PDSCH)
· Msg 2 and/or msg4 (in four-step RACH), msgB (in two-step RACH) 
· WUS (if signalling is needed for simple purpose such as triggering of positioning measurement)
· UE  gNB: measurement gap request, measurement report
· Msg1 and/or msg3 (in four-step RACH), msgA (in two-step RACH)

Proposal 2:
· For grant based positioning measurement, followings can be considered for reducing physical layer latency:
· Transmission of measurement gap request including scheduling request and/or BSR
· Transmission of measurement gap configuration accompanied by UL grant
· Pre-configured resources for measurement report
· UL grant transmission without scheduling request in accordance with predefined rule

Proposal 3:
· For the purpose of improvements of efficiency and latency performance, support of the on-demand request of the on/off behaviour of the PRS/SRS by PUCCH. 

Proposal 4: 
· For the purpose of latency reduction, support DCI-triggered AP PRS. A single DCI needs to trigger the AP PRS transmitted from at least three TRPs/gNBs for DL-TDOA and Multi-RTT. 
· RAN1 needs discussion on how to trigger AP PRS considering hierarchical PRS structure composed of frequency layer, TRP, PRS resource set, and PRS resource. 

Proposal 5:
· AP PRS triggered by GC-PDCCH needs to be considered to support a group of UEs located in the similar area/region/cell.

Proposal 6:
· 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.
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