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1 Introduction
In RAN1#103-e meeting, the study item of “Study on NR positioning enhancements” [1] was finished with the endorsement of TR 38.857 [2]. This study focused on the analysis of potential enhancements and solutions necessary to support the high accuracy, low latency, high network efficiency and device efficiency to NR positioning targeting both general commercial and IIOT use cases. During the SI discussion, various of potential enhancements have been identified, and it is recommended to proceed with a normative work to support NR positioning enhancements. In this contribution, we provide our views on the enhancements that are required for Rel-17 specification work.
2 Recap of TR 38.857 conclusions
According to the conclusion section of TR 38.857, the following enhancements have been identified in the study item phase, which can be categorized into two priority groups: 
	1 (1st priority). Enhancements that have been recommended for normative work:
· NR positioning for UEs in RRC_INACTIVE state, including
· DL, UL and DL+UL positioning methods 
· UE-based and UE-assisted positioning solutions
· Support of UE positioning measurements for UEs in RRC_inactive state
· Options that can be considered include DL-PRS or DL-PRS and SSB
· Support of gNB positioning measurements for UEs in RRC_inactive state
· On-demand transmission and reception of DL PRS, which includes at least 
· UE-initiated request of on-demand DL PRS transmission
· LMF (network)-initiated request of on-demand DL PRS transmission
· Above enhancements are recommended for both DL and DL+UL positioning methods and both UE-based and UE-assisted positioning solutions.
· The methods, measurements, signaling, and procedures for improving positioning accuracy in the presence of the UE Rx/Tx timing delays, and/or gNB Rx/Tx timing delays, including
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions
· The enhancements of the procedure, measurements, reporting, and signalling for improving the accuracy of 
· UL AoA for network-based positioning solutions
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions
· The enhancements of signaling & procedures for reducing NR positioning latency, including DL and DL+UL positioning methods. The details of the solutions are left for further discussion in normative work, which may include the following aspects:
· the measurement gap
· the measurement request and reporting (e.g., via RRC signaling, MAC-CE and/or physical layer procedure, and/or priority rules)
· the measurement time
2 (2nd priority). Enhancements that can be considered and if needed, specified during normative work:
· Simultaneous transmission by the gNB and aggregated reception by the UE of intra-band one or more contiguous carriers in one or more contiguous PFLs
· Simultaneous transmission by the UE and aggregated reception by the gNB of the SRS for positioning in multiple contiguous intra-band carriers
· Enhancements of information reporting from UE and gNB for supporting multipath/NLOS mitigation
· Aperiodic reception of DL PRS from the TRPs of the serving gNB and aperiodic reception of DL PRS from the TRPs of the neighboring gNBs
· Semi-persistent reception of DL PRS from the TRPs of the serving gNB and Semi-persistent reception of DL PRS from the TRPs of the neighboring gNBs
· Enhancements of signaling & procedures for reducing NR positioning latency related to
· the request and response of positioning assistance data (e.g., via RRC signaling, MAC-CE and/or physical layer procedure)
· the reception of DL PRS (e.g., priority rules for the reception of DL PRS)


3 Discussion on Rel-17 NR positioning WI scope
This study item focused on the analysis of potential enhancements to support the high accuracy, low latency, high network and device efficiency to NR positioning. Regarding the three KPIs, we provide our views on solutions necessary to be involved in the WI scope in the following.
[bookmark: _Toc532993704]3.1	Enhancements on positioning accuracy
· Enhancements for UE/gNB Rx/Tx timing delays
Among Rel-16 positioning solutions, multi-RTT is a promising method since it is robust against the network synchronization error. However, it should be noted that, the accuracy of both gNB and UE Rx-Tx time differences will be affected by the mis-calibrated RF to BB group delays, and will further impact the performance of multi-RTT. In order to support the sub-meter accuracy requirement in Rel-17, some methods, measurements, signaling and procedures should be specified to estimate and calibrate the timing delays. For example, the timing and angle-based solutions can be combined to eliminate the timing errors, or some side information can be reported to the LMF to remove or compensate the timing errors, etc.
Proposal 1: Specify the methods, measurements, signaling and procedure in Rel-17 normative work to improve the accuracy in the presence of gNB/UE Rx/Tx timing delays, including DL, UL and DL+UL positioning methods for UE-based and UE-assisted positioning solutions.
· Enhancements for angle-based methods
The positioning accuracy of the angle-based methods is highly dependent on the estimation quality of the angular measurements. For UL-AoA, though that the gNB has large antenna scale to provide precise estimation of AoA, the estimation quality can be significantly degraded by multipath/NLOS signals. For Rel-17 IIoT scenarios (especially InF-DH), which are rich in multipath/NLOS, enhancements should be specified to associate the angular information with the first arrival path to improve the estimation accuracy. On the other hand, the Rel-16 DL-AoD only reports the RSRP measurements across DL PRS resources, which can be biased under multipath/NLOS scenarios since the strongest path may not be the first-arrival path in such cases. Therefore, enhancements on DL-AoD measurements should also be specified.
Proposal 2: Specify the procedure, measurements, reporting and signaling in Rel-17 normative work for improving the accuracy of 
· UL-AOA for network-based positioning solutions
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions
· Aggregation of DL PRS/UL SRS for positioning resources
The positioning measurement accuracy is tightly related to the available DL PRS/UL SRS for positioning resources in both the time and frequency domain. Taking the DL PRS as an example, in Rel-16, the maximum bandwidth of a positioning frequency layer (PFL) is 272 PRBs, and up to 4 PFLs can be configured. Note that Rel-16 does not provide the mechanism to support the coherent reception of the DL PRS from multiple PFLs; therefore, the accuracy of PRS timing measurement is still limited. During the SI discussion, many companies were interested in the aggregation of DL PRS/UL SRS for positioning resources to increase positioning accuracy. Even for the proponents, the opinions were quite diverse. Some companies proposed to aggressively support both inter- and intra-band carrier aggregation; while the other believed that only intra-band CA should be focused. For the sake of making progress, a consensus of investigating intra-band contiguous CA was reached. Since there were companies showed concerns on supporting this feature, it was labeled as the 2nd priority enhancements for normative work.
From our point of view, supporting the aggregation significantly increases the implementation complexity to both UE and NW sides. The current CA mechanism is non-coherent processing; however, the non-coherent aggregation of positioning reference signals only brings diversity gain. In order to increase the time domain resolution, coherent reception should be supported. In such a case, considering a SCS of 30kHz, to support a 100MHz + 100MHz coherent CA, the FFT size needs to increase from 4096 to 8192, which significantly increases the implementation complexity of UE and NW. On the other hand, the timing offset is one of the main factors that affects the aggregation performance. In TS 38.104, RAN4 defines that for intra-band contiguous carrier aggregation, with or without MIMO, the time alignment errors (TAE) shall not exceed 260ns, which is far too loose from the stringent sub-meter level requirement of Rel-17 positioning. To attain the theoretical gain of coherent aggregation, the RF and IF architectures may have to be enhanced to achieve a much tighter TAE requirement. From this perspective, RAN4 should first study the feasibility to reduce the TAE requirement of the intra-band contiguous CA within 1~2ns.
Observation 1: Supporting the intra-band contiguous carrier aggregation significantly increases the implementation complexity to both UE and NW sides.
Observation 2: RAN4 should first study the feasibility to reduce the TAE requirement of the intra-band contiguous CA within 1~2ns.
· Enhancements of information reporting to support multipath/NLOS mitigation
As mentioned in the enhancements on the angle-based solutions, the positioning accuracy can be significantly degraded due to the impact of the multipath/NLOS signals, especially for InF-DH scenarios. During the study item phase, the evaluation and analysis on the multipath/NLOS mitigation techniques can be divided into two types: 1) the LOS/NLOS detection and identification; 2) the outlier rejection algorithm. During the discussion, it seems that most companies were supportive of the LOS/NLOS detection and identification method; while there were some companies that are not convinced of the benefits of the method.
The former includes two potential enhancements with spec impact. One is to report the LOS/NLOS status to facilitate the LMF when operates the UE location calculation. To be specific, it can be hard decision reporting, which is using 1 bit to indicate LOS or NLOS label; or it can be soft decision reporting, where some weight or confidential level can be additionally reported. The other is to report additional measurements (e.g., angle, power, K factor, channel impulse response, power delay profile, etc.), the LMF can then adopts these measurements to further mitigate or utilize multipath to improve positioning accuracy.
The latter is the implementation-based solution, which has no spec impact. The outlier rejection algorithms (e.g., RAIM, RANSEC) have already been adopted in GPS to reject outliers (bad satellite that provides measurements that significantly differ from the expected value). However, note that the outlier rejection algorithm only provides performance gain when more satellites are available. However, in the InF-DH scenario, the LOS probability is quite low. Therefore, without the measurement redundancy, we don’t believe the performance of outlier rejection can be guaranteed.
Note that companies share the same understanding that multipath/NLOS is one of the main factors that degrades the positioning accuracy, and should be enhanced in R17 WI to attain the target sub-meter accuracy. In our view, the LOS/NLOS detection and identification provides solid performance gain, and the enhancement on the information reporting to mitigate multipath/NLOS should be specified in Rel-17 normative work.
Proposal 3: Specify the enhancement on information reporting from UE and gNB to support multipath/NLOS mitigation in Rel-17 normative work.
3.2	Enhancements on positioning latency
· Enhancements on signalling & procedure for reducing positioning latency
In SI, it was agreed that the Rel-17 target end-to-end latency of IIoT use case is < 100ms, and < 10ms is desired, and that the Rel-17 target physical layer latency of IIoT use case is < 10ms. 
From the RAN1 perspective, the physical layer latency for Rel.16 UE-Assisted DL-TDOA/DL-AOD, UL-TDOA/UL-AOA, Multi-RTT, E-CID and UE-based DL-only NR positioning were investigated in SI. Based on the evaluation and analysis, it can be seen that the latency regarding measurement gap request and configuration, higher layer processing times (LPP/NRPPa/RRC), and RS alignment and measurement times were identified as the major physical layer latency components. Hence, the signaling & procedures for reducing positioning latency related to measurement gap, measurement reporting and request, measurement time should be specified.
During the discussion, since some companies were not convinced by the benefit of latency reduction related to the reception of DL PRS (e.g., priority rules), this particular enhancement was labeled as 2nd priority enhancement for normative work. In our views, by enabling the on-demand DL PRS in Rel-17, it is possible that the on-demand DL PRS of neighboring TRPs collides with other DL signals/channels from the serving TRP. By defining the priority rule of DL PRS reception, the positioning-driven UE can neglect the low priority DL signals/channels and monitor the DL PRS; therefore, it is beneficial to guarantee the latency requirement. 
Proposal 4: Specify the enhancement of signaling & procedures for reducing positioning latency in Rel-17 normative work, including:
· Latency reduction related to measurement gap, measurement request and reporting, and measurement time
· Latency reduction related to DL PRS reception (e.g., priority rules)
· Aperiodic/Semi-persistent reception of DL PRS
Rel-17 NR positioning SI investigates the semi-persistent and aperiodic transmission and reception of DL PRS to reduce the positioning latency. Most companies were supportive of the semi-persistent and aperiodic reception of DL PRS; while some companies showed concerns. Therefore, the semi-persistent/aperiodic reception of DL PRS from the TRPs of the serving gNB and semi-persistent/aperiodic reception of DL PRS from the TRPs of the neighboring gNBs were agreed as 2nd priority enhancements for normative work.
For companies that were opposed to this enhancement, the main concerns were as follows: 1) The benefit of supporting SP/AP DL PRS on the latency reduction is not clear; 2) Additional signaling and overhead has to be introduced to enable the activation/triggering SP/AP DL PRS from TRPs of neighboring gNBs. To our understanding, SP/AP DL PRS has potential benefits on both latency and NW efficiency. Note that we have already agreed to recommend the on-demand DL PRS for normative work, and MAC-CE activated/DCI-triggered SP/AP DL PRS is one particular way to initiate the NW requested on-demand DL PRS, therefore, it should not be precluded in the WI scope. On the other hand, we agree that to enable SP/AP DL PRS from TRPs of neighboring gNBs, additional signaling and overhead among serving gNB, neighboring gNB and LMF will be introduced, and will also increase the workload of RAN2/3; therefore, we propose that at least SP/AP DL PRS from TRPs of serving gNBs should be enhanced in the WI phase.
Proposal 5: Specify the semi-persistent/aperiodic reception of DL PRS from the TRPs of the serving gNB in Rel-17 normative work.
3.3	Enhancements on NW/UE efficiency
· Positioning for UEs in RRC_INACTIVE state
Rel-16 only supports UEs in RRC connected mode to do positioning, which limits the number of UEs that can be positioned at the same time, and increases the latency and power consumption of the UE. Supporting positioning for UEs in RRC_INACTIVE states can improve the network scalability, reduce positioning latency and UE power consumption.
In Rel-16, since the configuration of DL PRS can be broadcasted via the system information, the UE-based DL positioning in inactive state has naturally been supported. To support the UE-assisted DL positioning, one straightforward way is to utilize the RACH (2-step and 4-step) procedure to finish the DL measurement reporting. On the other hand, considering the typical IIoT use case of localizing good in the warehouse (for logistics and/or for goods management), where some low-cost positioning chips with the requirement of low power consumption can be attached to the to-be-positioned goods, it can be configured/activated/triggered to transmit UL signals for the network to get its location information when necessary. There are two possible methods in such a case, one is to using the RACH procedure, the other is to enhance the UL SRS transmission in inactive state. Therefore, we propose to enhance the positioning for UEs in RRC_INACTIVE state in the normative work.
Proposal 6: Specify the NR positioning for UEs in RRC_INACTIVE state for DL, UL, DL+UL positioning methods and UE-based and UE-assisted solutions in Rel-17 normative work, including:
· UE/gNB positioning measurements and reporting for UEs in RRC_inactive state
· UL reference signals for positioning measurements
· Signaling and procedures for supporting the assistance data delivery, DL-PRS configuration, UL reference signals for positioning resource configuration
· On-demand DL PRS
In Rel-16 positioning, the concept of on-demand resource allocations was agreed for the DL PRS design. However, due to the limited timing budget, no details were discussed and agreed. In general, the on-demand PRS can be alternatively configured by LMF and triggered by the UE. To be specific, when a network client requests a high accuracy and low latency positioning requirements, which cannot be satisfied by the periodically configured PRS resources, the LMF can additionally allocate on-demand PRS resources to meet the requirements. On the other hand, the UE itself should be able to request the network/serving cell to trigger on-demand PRS resources to improve the measurement quality and reduce signaling overhead. Due to its potential in reducing the positioning latency and improving device efficiency, we propose to enhance the on-demand DL PRS in the normative work.
Proposal 7: Specify the on-demand transmission and reception of DL PRS for DL and DL+UL positioning methods and UE-based and UE-assisted solutions in Rel-17 normative work, including:
· UE-initiated request of on-demand DL PRS transmission
· LMF (network)-initiated request of on-demand DL PRS transmission
4 Conclusions
In the contribution, we made the following proposals on the scope of Rel-17 NR positioning WI: 
Proposal 1: Specify the methods, measurements, signaling and procedure in Rel-17 normative work to improve the accuracy in the presence of gNB/UE Rx/Tx timing delays, including DL, UL and DL+UL positioning methods for UE-based and UE-assisted positioning solutions.
Proposal 2: Specify the procedure, measurements, reporting and signaling in Rel-17 normative work for improving the accuracy of 
· UL-AOA for network-based positioning solutions
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions
Proposal 3: Specify the enhancement on information reporting from UE and gNB to support multipath/NLOS mitigation in Rel-17 normative work.
Proposal 4: Specify the enhancement of signaling & procedures for reducing positioning latency in Rel-17 normative work, including:
· Latency reduction related to measurement gap, measurement request and reporting, and measurement time
· Latency reduction related to DL PRS reception (e.g., priority rules)
Proposal 5: Specify the semi-persistent/aperiodic reception of DL PRS from the TRPs of the serving gNB in Rel-17 normative work.
Proposal 6: Specify the NR positioning for UEs in RRC_INACTIVE state for DL, UL, DL+UL positioning methods and UE-based and UE-assisted solutions in Rel-17 normative work, including:
· UE/gNB positioning measurements and reporting for UEs in RRC_inactive state
· UL reference signals for positioning measurements
· Signaling and procedures for supporting the assistance data delivery, DL-PRS configuration, UL reference signals for positioning resource configuration
Proposal 7: Specify the on-demand transmission and reception of DL PRS for DL and DL+UL positioning methods and UE-based and UE-assisted solutions in Rel-17 normative work, including:
· UE-initiated request of on-demand DL PRS transmission
· LMF (network)-initiated request of on-demand DL PRS transmission
In this contribution, we made the following observations:
Observation 1: Supporting the intra-band contiguous carrier aggregation significantly increases the implementation complexity to both UE and NW sides.
Observation 2: RAN4 should first study the feasibility to reduce the TAE requirement of the intra-band contiguous CA within 1~2ns.
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