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Introduction
During the RAN#86 meeting, new SID for R17 positioning has been agreed [1]. The following objectives are listed in the SID:
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]
2. Study solutions necessary to support integrity and reliability of assistance data and position information: [RAN2]
a. Identify positioning integrity KPIs and relevant use cases.
b. Identify the error sources, threat models, occurrence rates and failure modes requiring positioning integrity validation and reporting. 
c. Study methodologies for network-assisted and UE-assisted integrity.
It can be seen that two main aspects are included in the objective, i.e., the study for enhancement and the integrity support. The enhancement solutions are expected to address the issues including high accuracy, low latency, improved network efficiency, and device efficiency. The enhancements to Rel-16 positioning techniques will be prioritized to improve the accuracy and network efficiency. In order to improve the device efficiency, UE positioning power consumption will need to be reduced. An effective way to reduce the power consumption could be supporting the positioning for idle/inactive UE. The latency issues should also be addressed in Rel-17, for which the current positioning latency should be analyzed.
R16 positioning enhancement
Enhancement for positioning accuracy
1.1.1 Measurement enhancement
Multipath measurements
Multi-path measurement has already been adopted in Rel-16. Since only timing information was supported for multiple path in Rel-16, we suggest studying the potential benefit of reporting angle and power information associated with each path, so that a full utilization of multi-path measurement can be realized to improve the positioning accuracy.
NLOS/LOS identification
NLOS/LOS identification was discussed in Rel-16 positioning study item [2]. It is useful for improving the positioning accuracy by precluding the measurements corresponding to NLOS. Therefore, the measurements can be enhanced to be labeled with LOS or NLOS, which can be one of the potential techniques in Rel-17 to address the accuracy issue.
CSI measurements
Positioning in NLOS environment is extremely challenging. The current solution is provided by E-CID using RRM measurement based on RSRP/RSRQ finger-printing. A more refined measurement based on small scale parameters such as channel impulse response (CIR) or channel frequency response (CFR) can improve the positioning accuracy. Therefore, it is proposed to include the CSI measurements in to improve the positioning accuracy.
Rx/Tx diversity
In Rel-16, the measurement from Rx diversity was studied by RAN1 and was decided to be up to the UE implementation. The Rx diversity and Tx diversity should be further studied in Rel-17 as it is expected to be able to further enhance the positioning accuracy, especially for scenarios with diversity antennas. For example, the scale of distributed antennas for UE should be further considered for positioning accuracy as high as up to 0.2m. Then, the size of an automated guided vehicle (AGV) or a robotic arm with multiple tags should not be ignored when the positioning accuracy requirement is 0.2m.
Based on the above discussion, we propose the following for the enhancement on measurement for R17 positioning
RAN2 should study the following enhancement of measurement:
· Multi-path measurements associated with angle/power measurements
· NLOS/LOS identification
· CSI measurements
· Rx/Tx diversity based reporting
1.1.2 NR E-CID enhancement
NR E-CID does not support RTT measurements for the serving cell in Rel-16. This makes NR E-CID similar to a DL-based positioning technique solely based on RSRP finger-printing. Therefore, NR E-CID in Rel-16 may have a worse accuracy than LTE E-CID. In order to increase the accuracy of NR E-CID, it is proposed to incorporate the RTT measurements based on the serving gNBs for NR E-CID.
Incorporate RTT measurement based on the serving gNB(s) for NR E-CID.

1.1.3 DL-AoD enhancement
Rel-16, DL-AoD angle calculation is conducted by LMF itself. However, the respective NRPPa signal does not provide the full beam radiation pattern to help LMF calculate the angle based on RSRP report from UE. This will compromise DL-AoD positioning method, or will require additional OAM configuration of the beam pattern to the LMF. As already discussed in Rel-16, we suggest to either consider NG-RAN calculate the angle or adopt the detail beam information exposure to LMF from NG-RAN.
To enhance the DL-AOD accuracy by either calculating the angle at NG-RAN or providing the detailed beam information to the LMF.

Enhancement for latency reduction
1.1.4 Positioning service continuity enhancement
Current positioning procedures do not support the positioning service continuity when the UE moved to another cell/gNB. The positioning measurements can be configured to be periodically reported, during which the UE can be probably moved to a new cell/gNB. LMF is not aware of the cell change of the moving UE and would have no idea which new neighbouring TRPs should request measurements from. Also, the new gNB is not aware of the positioning context for the UE, e.g. the SRS configured to the UE is currently being used by the LMF and measured by the TRPs, and it would not send any updated SRS configuration to LMF. The measuring TRP would fail for measuring SRS without the updated SRS configurations. Thus, for UE moving scenario, the UE handover procedure may cause UL/Multi-RTT positioning interruption. Therefore, it is suggested to study and support the positioning service continuity for the UE mobility scenarios. 
Support the positioning service continuity in Rel-17 for the UE mobility scenarios and study the solutions.
Enhancement for network efficiency
1.1.5 DL positioning enhancement by on-demand PRS
On-demand PRS was discussed during Rel-16 but was not adopted. In LTE, the PRS is preconfigured to the eNBs and is part of their intrinsic properties. In NR, as the adoption of massive MIMO technique, it is better to support the on-demand PRS to let the LMF to coordinate the DL PRS resources for the target UE, which can reduce the PRS searching complexity/delay and also improve the positioning accuracy. In addition, allow on-demand PRS can reduce the network overhead when there is no UE being positioned, which fulfils the objective of improving the network efficiency of the objective. Therefore, it is proposed to support on-demand PRS in Rel-17. 
Support on-demand PRS in Rel-17.
Enhancement for UE efficiency
1.1.6 Multi-RTT enhancement
Rel-16 only supports UE Rx – Tx time difference and gNB Rx – Tx time difference based on SRS for positioning and does not support the time difference based on SRS for other purposes. In our view, in the IIoT scenario where the coverage is not a major issue and UE is expected to be positioned by nearby base stations, other SRSs not optimized for the purpose of positioning can also be used to reduce the overhead from UE/network and the UE power consumption for RTT.
Support the use of R15 SRS for multi-RTT

Support of positioning for IDLE/INACTIVE UE
Rel-16 positioning service only supports the UE in RRC_CONNECTED state. For example, when a UE is periodically localized, it needs to keep in connected state even when it has no other services, or transfer into connected state with the periodicity of the positioning service. In some scenarios such as factory or shopping mall, it is important to enabling poisoning service for UEs in RRC_IDLE/RRC_INACTIVE states, as those UEs may be mainly used for positioning and have limited date service. The support for positioning in RRC_IDLE/RRC_INACTIVE mode can effectively improve the power efficiency of the UE. It obviously saves the power consumption to support positioning directly in RRC_IDLE/RRC_INACTIVE state compared with transferring UE into RRC_CONNECTED every time when the UE is localized by the network.
In addition to the power consumption considerations, supporting positioning for IDLE/INACTIVE state can improve the latency. For MT/NI-LR, when an RRC_IDLE/RRC_INACTIVE UE need to be localized, the network needs to firstly page the UE for entering RRC_CONNECTED state before collecting positioning measurements and compute the location. For MO-LR, the UE needs to perform initial access/RRC resume procedure to transit to RRC_CONNECTED to send service request to trigger the positioning procedure. Both cases would incur extra latency for the positioning service. On the other hand, if the UE can send measurement reports to the network or obtain assistance data in IDLE/INACTIVE, the latency can be substantially reduced.
Therefore, it is proposed to support NR positioning for IDLE/INACTIVE UEs in Rel-17.
Support NR positioning for IDLE/INACTIVE UEs in release 17.

To support positioning for IDLE/INACTIVE UEs, the solutions need to be studied. It is proposed that at least to study the UE signaling, UE measurements, and UE measurement reporting solutions. For example, UE can at least transmit SRS in RRC_INACTIVE state; UE can measure DL PRS during the RRC_IDLE/RRC_INACTIVE state; UE can quickly report the measurements from idle/inactive state. 
Study the following solutions for supporting positioning for IDLE/INACTIVE UEs, which include but not limited to
· Transmitting SRS in RRC_INACTIVE states
· Measuring PRS in RRC_IDLE/RRC_INACTIVE state
· Quick measurement reporting from RRC_IDLE/RRC_INACTIVE state.

Positioning latency analysis
Rel-16 supports 5GS-based LCS service with MT-LR, MO-LR, and NI-LR, among which MT-LR and MO-LR are generally assumed as commercial use cases. In the following sub-sections, the service latency for MT-LR and MO-LR using NR positioning is analyzed. The simplified procedures are based on SA2 stage-2 specification [3], in the respective clauses 6.1.2 and 6.2.
For the sake of brevity, procedures external to the PLMN (between LCS client and GMLC), procedures related to roaming case (between V-PLMN and H-PLMN), and privacy verification procedures (e.g. between GMLC and UDM) are not included in the latency evaluation.
MT-LR with UE assisted, LMF based positioning
The procedure uses DL-TDOA and/or DL-AoD positioning as the exemplary positioning method, as the two methods share similar mechanisms. The overall delay and signaling flow are summarized in Table 1 and Figure 1, respectively.
[bookmark: _Ref45550142]Table 1 Overall delay analysis
	Step No.
	Procedure
	Delay:
· Tntw is the delay for signaling between network entities
· TUL-RRC is the delay for UL RRC signaling between RAN and UE
· TDL-RRC is the delay for DL RRC signaling between RAN and UE
· TPhy is the delay for physical layer delay

	1
	AMF Location request (GMLC  AMF)
	Tntw

	2
	LMF Location request (AMF  LMF)
	Tntw

	3
	LPP Provide assistance data
	2Tntw+TDL-RRC

	4
	LPP Request location information
	2Tntw+TDL-RRC

	5
	RRC Gap request
	TUL-RRC

	6
	RRC Gap configuration
	TDL-RRC

	7
	Physical layer measurement
	TPhy

	8
	LPP Provide location information
	2Tntw+TUL-RRC

	9
	LMF Location calculation
	TlocCal

	10
	LMF Location response (LMF  AMF)
	Tntw

	11
	AMF Location response (AMF  GMLC)
	Tntw

	Total 
	10Tntw+3TDL-RRC+2TUL-RRC+TlocCal+TPhy
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[bookmark: _Ref45550134]Figure 1 MT-LR with UE-assisted, LMF based positioning (DL-TDOA/DL-AoD)

MT-LR with network assisted, LMF based positioning
The procedure uses UL-TDOA and/or UL-AoA positioning as the exemplary positioning method, as the two methods share similar mechanisms. The overall delay and signaling flow are summarized in Table 2 and Figure 2, respectively.
[bookmark: _Ref45551447]Table 2 Overall delay analysis
	Step No.
	Procedure
	Delay:
· Tntw is the delay for signaling between network entities
· TPhy is the delay for physical layer delay

	1
	AMF Location request (GMLC  AMF)
	Tntw

	2
	LMF Location request (AMF  LMF)
	Tntw

	3
	NRPPa POSITIONING INFORMATION REQUEST
	2Tntw

	4
	RRC SRS configuration
	0 (Assuming existing SRS is used)

	5
	NRPPa POSITIONING INFORMATION RESPONSE
	2Tntw

	6
	NRPPa MEASUREMENT REQUEST
	2Tntw

	7
	Physical layer measurement
	TPhy

	8
	NRPPa MEASUREMENT RESPONSE
	2Tntw

	9
	LMF Location calculation
	TlocCal

	10
	LMF Location response (LMF  AMF)
	Tntw

	11
	AMF Location response (AMF  GMLC)
	Tntw

	Total 
	12Tntw+TlocCal+TPhy
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[bookmark: _Ref45551456]Figure 2 MT-LR with network-assisted, LMF based positioning (UL-TDOA/UL-AoA)

MO-LR with UE assisted, LMF based positioning
The procedure uses DL-TDOA and/or DL-AoD positioning as the exemplary positioning method, as the two methods share similar mechanisms. The overall delay and signaling flow are summarized in Table 3 and Figure 3, respectively.
[bookmark: _Ref45554230]Table 3 Overall delay analysis
	Step No.
	Procedure
	Delay:
· Tntw is the delay for signaling between network entities
· TUL-RRC is the delay for UL RRC signaling between RAN and UE
· TDL-RRC is the delay for DL RRC signaling between RAN and UE
· TPhy is the delay for physical layer delay

	1
	NAS Location request (UE  AMF)
	Tntw+TUL-RRC

	2
	LMF Location request (AMF  LMF)
	Tntw

	3
	LPP Provide assistance data
	2Tntw+TDL-RRC

	4
	LPP Request location information
	2Tntw+TDL-RRC

	5
	RRC Gap request
	TUL-RRC

	6
	RRC Gap configuration
	TDL-RRC

	7
	Physical layer measurement
	TPhy

	8
	LPP Provide location information
	2Tntw+TUL-RRC

	9
	LMF Location calculation
	TlocCal

	10
	LMF Location response (LMF  AMF)
	Tntw

	11
	NAS Location response (AMF  UE)
	Tntw+TDL-RRC

	Total 
	10Tntw+4TDL-RRC+3TUL-RRC+TlocCal+TPhy




[bookmark: _Ref45554222][image: ]Figure 3 MO-LR with UE-assisted, LMF based positioning (DL-TDOA/DL-AoD)

MO-LR with UE based positioning
The procedure uses DL-TDOA and/or DL-AoD positioning as the exemplary positioning method, as the two methods share similar mechanisms. The overall delay and signaling flow are summarized in Table 4 and Figure 4, respectively.
[bookmark: _Ref45554400]Table 4 Overall delay analysis
	Step No.
	Procedure
	Delay:
· Tntw is the delay for signaling between network entities
· TUL-RRC is the delay for UL RRC signaling between RAN and UE
· TDL-RRC is the delay for DL RRC signaling between RAN and UE
· TPhy is the delay for physical layer delay

	1
	NAS Location request (UE  AMF)
	Tntw+TUL-RRC

	2
	LMF Location request (AMF  LMF)
	Tntw

	3
	LPP Provide assistance data
	2Tntw+TDL-RRC

	4
	RRC Gap request
	TUL-RRC

	5
	RRC Gap configuration
	TDL-RRC

	6
	Physical layer measurement
	TPhy

	7
	UE Location calculation
	TlocCal

	Total 
	4Tntw+2TDL-RRC+2TUL-RRC+TPhy+TlocCal
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[bookmark: _Ref45554415]Figure 4 MO-LR with UE-based positioning (DL-TDOA/DL-AoD)

Summary for latency analysis
The overall latency analysis is given in Table 5. The typical value assumes the following individual components.
· Tntw=0.5ms
· TDL-RRC=5ms
· TUL-RRC=2ms
· TlocCal=5ms
· TPhy=20ms for SRS and DL PRS according to the typical periodicity of SRS and PRS
[bookmark: _Ref45554897]Table 5 Summary of positioning service delay
	Case
	Overall delay
	Typical value

	MT-LR (UE assisted, LMF based)
	10Tntw+3TDL-RRC+2TUL-RRC+TlocCal+TPhy
	49ms

	MT-LR (Network assisted, LMF based)
	12Tntw+TlocCal+TPhy
	31ms

	MO-LR (UE assisted, LMF based)
	10Tntw+4TDL-RRC+3TUL-RRC+TlocCal+TPhy
	56ms

	MO-LR (UE based)
	4Tntw+2TDL-RRC+2TUL-RRC+TPhy+TlocCal
	41ms



Based on the analysis, we have the following observations.
Physical measurement delay is the main component of the overall positioning service delay.
The typical positioning service end-to-end delay is between 30ms and 50ms, which is much larger than the latency requirement for IIoT use cases.

To study the latency reduction solutions.

Conclusion
Base on the analysis above, we propose the following:
1. The enhancement of measurement should include studying:
· Multi-path measurements associated with angle/power measurements
· NLOS/LOS identification
· CSI measurements
· Rx/Tx diversity based reporting
Incorporate RTT measurement based on the serving gNB(s) for NR E-CID.
To enhance the DL-AOD accuracy by either calculating the angle at NG-RAN or providing the detailed beam information to the LMF.
Support the positioning service continuity in Rel-17 for the UE mobility scenarios and study the solutions.
Support on-demand PRS in Rel-17.
Support the use of R15 SRS for multi-RTT
Support NR positioning for IDLE/INACTIVE UEs in release 17.
Study the following solutions for supporting positioning for IDLE/INACTIVE UEs, which include but not limited to
· Transmitting SRS in RRC_INACTIVE states
· Measuring PRS in RRC_IDLE/RRC_INACTIVE state
· Quick measurement reporting from RRC_IDLE/RRC_INACTIVE state.
1. Physical measurement delay is the main contribution to the overall positioning service delay.
The typical positioning service end-to-end delay is between 25ms and 50ms, which is much larger than the latency requirement for IIoT use cases.
To study the latency reduction solutions.
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