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Introduction
[bookmark: _Hlk30969022]Both RAN1 and RAN2 have completed the study of Rel-17 positioning enhancement. Besides integrity part which is of fewer controversial point, the majority objectives to be discussed in RAN plenary are highlighted as follows:
· for latency enhancements
	[bookmark: _Hlk30969040]The following enhancements of signaling & procedures for reducing NR positioning latency are recommended for normative work, 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:
· Latency reduction related to the measurement gap
· Latency reduction related to the reporting and request of the measurement (e.g., via RRC signaling, MAC-CE and/or physical layer procedure, and/or priority rules)
· Latency reduction related to measurements
· Latency reduction related to the reporting and request of positioning assistance data (e.g., via location scheduling in advance of the time of when the location is needed)
· Latency reduction related to storing UE capability in AMF procedure. 
· SA/CT will be involved during WI.
The following enhancements of signaling & procedures for reducing NR positioning latency can be studied and specified, if needed
· Latency reduction related to the request and response of positioning assistance data (e.g., via RRC signaling, MAC-CE and/or physical layer procedure)
· Latency reduction related to the reception of DL PRS (e.g., priority rules for the reception of DL PRS)
· Latency reduction related to the reporting of the measurements (existing CG-based transmission)
No assumptions are made on whether the LCS architecture specified in TS 23.273 is enhanced or not.



· for idle and inactive positioning:
The following procedures are recommended for normative work for DL positioning methods in RRC_INACTIVE:
· Reporting of PRS measurement and/or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE.
· The reporting of PRS measurement and/or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE is enabled by enhancing small data transmission in RRC_INACTIVE. 
The following procedures are recommended for normative work for UL positioning methods in RRC_INACTIVE if SRS transmission is supported in RRC_INACTIVE. 
· Delivery of SRS configuration for UE SRS transmission in RRC_INACTIVE when the UE is in RRC_CONNECTED.
The following procedures are recommended for normative work for NR E-CID in RRC_INACTIVE
· Reporting of RRM measurement performed in RRC_INACTIVE in LPP for DL NR E-CID by the UE in RRC_INACTIVE
· Reporting of RRM measurement performed in RRC_INACTIVE in RRC message for UL NR E-CID by the UE in RRC_INACTIVE. 

RAT-Independent positioning in RRC_IDLE/INACTIVE is recommended for normative work. The exact procedures that can be supported for RAT-Independent positioning in RRC_IDLE/INACTVE can be further studied. 


· for on-demand PRS:From Upper layers perspective the below conclusions have been made for on demand PRS functionality.
· UE-initiated request of on-demand DL-PRS transmission is recommended for normative work; the details will be decided during WI phase.
· LMF Initiated on-demand control of DL-PRS transmission is recommended for normative work; the details will be decided during WI phase.
· The exact parameters that can be dynamically changed and necessary measurement and/or assistance information for LMF/UE initiated on demand PRS are expected to be decided by RAN1 and RAN2 during WI phase.


In RAN#91e, it is foreseen that discussion on the details of the objectives to be included in the R17 positioning related WI will be carried on. Therefore, in this contribution, we will discuss the additional enhancements for Rel-17 positioning.  
Discussion
In this section, we are going to discuss the positioning enhancements that shall be considered for work item. 
Positioning in RRC_INACTIVE state 
NR positioning for UEs in RRC_INACTIVE state is beneficial not only for reduction of UE power consumption, but also for positioning latency reduction. Thus, it is an important feature for Rel-17 positioning enhancement. 
The key building block of this functionality is the design of UL transmission mechanism for transmitting measurement report or location estimates towards LMF (i.e., positioning reporting) in RRC_INACTIVE state. Note that RAN2 has a work item of small data transmission for RRC_INACTIVE state (SDT). Although the current scope of SDT only focuses on User Plane (UP), the reporting of positioning can be easily covered by extending SDT to SRB2 for Control Plane (CP). For the convenience of the standardization process, we propose to include the small data transmission of the position reporting into SDT WI. 
Compared to the DL based positioning method, UL or DL+UL based positioning methods will require more workload due to the transmission of uplink reference signal for positioning. Moreover, they will also lead to higher power consumption for UE, since uplink reference signal for positioning may target at neighboring cells that suffer large pathloss. Thus, DL based positioning method should have higher priority for RRC_INACTIVE state  than UL and DL+UL based positioning methods, considering achievable benefits and standardization efforts.
[bookmark: _Hlk61473784]Observation 1: For NR positioning in RRC_INACTIVE state, UL and DL+UL based positioning methods should be of lower priority than DL based positioning methods, considering achievable benefits and standardization efforts. 
Based on the above discussions, we have the following proposal:
[bookmark: _Hlk61473790]Proposal 1: NR DL based positioning in RRC_INACTIVE state should include in Rel-17 WI scope, while the positioning reporting via SRB2 during RRC_INACTIVE can be included in SDT WID. 

Positioning in IDLE state
Compared to positioning in RRC_INACTIVE state, positioning in IDLE state is more controversial due to the potential UL transmission/reporting in IDLE state, which includes challenges like:
· IDLE UE doesn’t store the AS context. A reporting in IDLE state will have large impact on UE behavior and NW behavior (including gNB and core network), leading to lots of specification efforts.
· The power consumption of UE in IDLE state will increase significantly due to UL transmission.
· Compared to positioning in RRC_INACTIVE state, additional benefits of positioning in IDLE state is not well justified.
Observation 2: The benefit of positioning in IDLE state has not been well justified and it requires lots of standardization efforts. 
After lengthy discussions, companies cannot achieve a consensus in RAN1 to support this feature. As a compromise, RAN1 made the following conclusion for positioning in IDLE state:
	Agreement:
Capture the following in the TR:
From a physical layer perspective, it is feasible for a UE to perform DL positioning measurement in RRC_IDLE state.
· Note: This does not imply that measurements have to be reported in RRC_IDLE state.

Conclusion:
It is up to RAN2 to decide whether to support the enhancements of NR positioning reporting of DL positioning measurements and/or positioning estimates for RRC_IDLE UEs.



According to RAN2 discussion, it is feasible to report of DL-PRS measurement and/or location estimate performed in RRC_IDLE when the UE is in RRC_INACTIVE/RRC_CONNETED. However, due to the disadvantage shown above, we tend to not support positioning in Idle state.
Proposal 2: Positioning measurement (i.e., not including reporting) in RRC_IDLE state should be in Rel-17 WI scope.

On-demand transmission and reception of DL PRS
RAN1 made the following conclusion for on-demand DL PRS:
	From a physical layer perspective, on-demand transmission and reception of DL PRS, which includes at least the following is recommended
-  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.


Rel-16 positioning only supports periodic DL PRS. Network usually has to configure DL PRS with relatively small periodicity in order to meet the highest requirement of all UEs, thereby leading larger overhead of DL PRS. 
By introducing on-demand DL PRS, the network could choose to transmit DL PRS to all UEs with longer periodicity so that the baseline requirements of NR positioning are ensured. If some UE requires higher positioning accuracy, network can transmit additional PRS dedicated to the UE to improve the performance. In this case, the overhead of DL PRS in the whole system can be reduced since the additional PRS are only transmitted from the neighbouring TRPs. 
On the other hand, on-demand DL PRS can also reduce the latency since it allows UE to carry out more measurements within a given period with more frequent DL PRS. 
[bookmark: _Hlk61473796]Observation 3: On-demand DL PRS is beneficial to reduce both DL PRS overhead and positioning latency. 
[bookmark: _Hlk61473801]Proposal 3: On-demand DL PRS (including both UE-initiated and LMF initiated) should be included in Rel-17 WI scope.  

Aperiodic / Semi-persistent DL PRS
To support on-demand DL PRS and fully explore the benefit of on-demand DL PRS, aperiodic / semi-persistent DL PRS transmission shall be supported too. Since rigorously the transmission of aperiodic/semi-persistent DL PRS and supporting on-demand DL PRS configuration are coupled, it is beneficial to have a common framework for both features. Similar to on-demand DL PRS, aperiodic / semi-persistent DL PRS is also helpful to reduce both DL PRS overhead and positioning latency.
[bookmark: _Hlk61473809]Observation 4: It is beneficial to have a common framework for on-demand DL PRS and aperiodic / semi-persistent DL PRS. 
RAN1 made the following conclusion for on-demand DL PRS:
	Aperiodic reception of DL PRS from the TRPs of the serving gNB and aperiodic reception of DL PRS from the TRPs of the neighbouring gNBs can be studied further and if needed, specified during normative work.
· Note: Aperiodic reception in the above corresponds to DCI-triggered reception

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 neighbouring gNBs can be studied further and if needed, specified during normative work.
· Note: Semi-persistent reception in the above corresponds to MAC-CE activated reception


Compared to aperiodic DL PRS, it is more controversial for semi-persistent DL PRS according to RAN1 discussions. In NR, all of aperiodic/semi-persistent/periodic mechanisms are supported for many features, for instance CSI-RS resource and SRS resource. Thus, it is natural to support semi-persistent DL PRS along with aperiodic and periodic DL PRS, considering
· The requirements for UE and network are similar for aperiodic and semi-persistent DL PRS. 
· And semi-persistent DL PRS may reduce overhead of DCI triggering DL PRS in some use cases. Thus, we suggest to support both aperiodic and semi-persistent DL PRS.
[bookmark: _Hlk61473815]Proposal 4: Aperiodic / semi-persistent reception of DL PRS can be included in Rel-17 WI scope.  

Latency reduction
Latency reduction is one of the key targets for the study of potential positioning enhancement. Among the listed FFS aspects, we believe measurement gap is the key bottleneck for the positioning latency from RAN1 perspective.  In Rel-16 NR, only measurement gap (MG) based positioning is supported. Since the request of measurement gap is based on RRC signaling, a processing delay of about 10ms is inevitable, which is too large for the tight requirement of Rel-17 positioning latency. Enhancements related with measurement gap for DL PRS resource processing is needed to improve the performance of NR positioning.  
[bookmark: _Hlk61473821]Observation 5: The latency related to measurement gap is the key bottleneck for the latency reduction. 
On the other hand, from RAN2 perspective, 
1. Latency reduction related to the reporting and request of the measurement (e.g., via RRC signaling, MAC-CE and/or physical layer procedure, and/or priority rules), and 
2. Latency reduction related to the reporting and request of positioning assistance data (e.g., via location scheduling in advance of the time of when the location is needed) are important as well. Suppose the assistance data and measurement request could be obtained at UE prior to the positioning phase, the latency could be reduced a lot. 
3. In addition, if grant-free approach could be applied for the UE to send the measurement results towards LMF, the procedure of retrieving the dynamic UL grant for sending the measurement results could be avoided too.
However, when it comes to WID, there some unclear aspects for each of the above. For 1, it is more to change the report approach from LPP (between UE and LMF) to Uu (between UE and gNB), which means the part between gNB and LMF has to be additionally address, and thus the gain on latency reduction is not clear. For 2, the deferred MT-LR is already a procedure supported in R16, together with the AD delivery using system information, so the spec impact is either quite minor or none. For 3, the usage of CG can be fully of implementation, and thus the specification impact is not clear either. 
Proposal 5: Except for measurement gap, other bullets for latency reduction should not be included in Rel-17 WI scope.  
Regarding the bullet ‘Latency reduction related to storing UE capability in AMF procedure’, in our opinion, it is beneficial for the positioning service, since rather than via the air-interface, the LMF could retrieve the UE capability from the AMF directly, if it is allowed to store UE capability in AMF procedure. However, such implementation requires SA/CT involvement and confirmation.
[bookmark: _Hlk65168404]Proposal 6 RAN rely on SA conclusion for latency reduction related to storing UE capability in AMF procedure to decide whether to include it in Rel-17 WI scope.  

Controversial topics  
Aggregation of DL PRS from multiple PFLs 
The pertinent RAN1 agreement for the aggregation of DL PRS from multiple PFLs is as below:
	Simultaneous transmission by the gNB and reception by the UE of intra-band one or more contiguous carriers in one or more contiguous PFLs can be studied further and if needed, specified during normative work
· From both gNB and UE perspective, the applicability and feasibility of this enhancement for different scenarios, configurations, bands and RF architectures, can be further studied 


Theoretically, aggregation of multiple Positioning Frequency Layers (PFLs) may improve the positioning accuracy since it can potentially increase the equivalent bandwidth of DL PRS source and improve the resolution of timing-based measurements. However, its feasibility is doubtable due to the system limitation of both UE and gNB. Aggregating DL PRS resources from different frequency layers has very tight requirement on the phase continuity and timing alignment between different Tx and Rx chains. But, during the study item, the negative impacts of those impairments on the performance were not fully studied. 
To be more specific, from the perspective of UE implementation, there are two types of problems related to aggregation of multiple PFLs:
· Due to the limited IF spectrum coverage with baseband circuits, e.g., amplifier, filter etc., the typical implementation of commercial UEs needs multiple different receive signal paths to support CA when each CC has large bandwidth. Thus, it is very difficult, if not infeasible, to ensure the phase continuity and timing alignment among different CCs
· To support coherent aggregation of DL PRS resources from multiple positioning frequency layers, it would impose great complexity on UE transceiver design. For example, it would require the UE to use signal RF and IF signal path to receive the signals from multiple carriers and the it also requires the UE to implement much higher-speed ADC device.  
[bookmark: _Hlk61473834]Observation 6: The feasibility of multiple-PFL aggregation for UE has NOT been justified.
Observation 7: The feasibility of multiple-PFL aggregation will lead to huge complexity increase of UE implementation.
From the perspective of gNB implementation, the feasibility is still in doubt as well. TS 38.104 gives the requirement for timing alignment error as below
	TS 38.104
[bookmark: _Toc13079643][bookmark: _Toc29811131][bookmark: _Toc29811582]6.5.3.2	Minimum requirement for BS type 1-C and BS type 1-H
For MIMO transmission, at each carrier frequency, TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 260ns.
[bookmark: OLE_LINK264][bookmark: OLE_LINK265]For intra-band non-contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.
For inter-band carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.


According to the current RAN4 transmission requirement of timing alignment error (TAE) for different component carriers, aggregation of multiple positioning layers cannot offer better positioning accuracy. Although RAN4 spec only specified the worst performance of gNB, there is no evident on the feasible performance of timing alignment error for practical gNB.
[bookmark: _Hlk61473838]Observation 8: The feasibility of multiple-PFL aggregation for gNB has NOT been justified so far.
Considering the uncertainty about its feasibility for UE/gNB and the tight timeline of Rel-17, we suggest not to include this feature in WI and save time units for more important features.
[bookmark: _Hlk61473844]Proposal 7: Aggregation of DL PRS from multiple PFLs should NOT be in Rel-17 WI scope.  
 
Aggregation of SRS for positioning resources 
The pertinent RAN1 agreement for the aggregation of SRS for positioning resources is as below:
	Simultaneous transmission by the UE and aggregated reception by the gNB of the SRS for positioning in multiple contiguous intra-band carriers can be studied further and if needed, specified during normative work.
        -	From both gNB and UE perspective, the applicability and feasibility of this enhancement for different scenarios, configurations, particular bands and RF architectures, can be further studied.


The issues of the feasibility of aggregation of multiple Positioning Frequency Layers (PFLs) also apply to aggregation of SRS for positioning resources. Thus, we have similar observations and proposal as below:
[bookmark: _Hlk61473849]Observation 9: The feasibility of SRS for positioning resources for UE has NOT been justified so far.
Observation 10: The feasibility of SRS for positioning resources for gNB has NOT been justified so far.
[bookmark: _Hlk61473853]Proposal 8: Aggregation of SRS for positioning resources should NOT be in Rel-17 WI scope.

Enhancements for multipath/NLOS mitigation
The pertinent RAN1 agreement for Enhancements of multipath/NLOS mitigation is as below:
	Enhancements of information reporting from UE and gNB for supporting multipath/NLOS mitigation can be studied further, and if needed, specified during normative work for improving positioning accuracy.
      -	Note: The details of the enhancements of reporting are left for further discussion in normative work, which may include, but are not limited to the following information associated with multi-path, e.g., LOS/NLOS identification, time of arrival of the multi-path components, signal power and/or relative power, power delay profile, angle, and/or polarization information, coherence bandwidth, etc.


Enhancements for multipath/NLOS mitigation is another controversial issue. The system-level performance gain of spec-based method of multipath/NLOS mitigation is not clear since some sources showed that implementation-based method can achieve better performance than spec-based method. 
On the other hand, for the sources showing performance gain of spec-based method, the detailed enhancement proposals are very diverged and the simulation results haven’t been double-checked so far. Even if we continue studying it, it is very difficult to converge to some solid scheme due to the diverged proposals.
[bookmark: _Hlk61473859]Observation 11: The performance gain of spec-based multipath/NLOS mitigation is not been verified during the study item.
[bookmark: _Hlk61473865]Proposal 9: Enhancements for multipath/NLOS mitigation should NOT be in Rel-17 WI scope.


Conclusions
In this contribution, we discuss some identified enhancements for positioning based on the outcome of the SI. Based on the discussion, we have the following observations and proposal for additional enhancement of Rel-17 positioning: 

Proposal 1: NR DL based positioning in RRC_INACTIVE state should include in Rel-17 WI scope, while the positioning reporting via SRB2 during RRC_INACTIVE can be included in SDT WID. 
Proposal 2: Positioning measurement (i.e., not including reporting) in RRC_IDLE state should be in Rel-17 WI scope.
Proposal 3: On-demand DL PRS (including both UE-initiated and LMF initiated) should be included in Rel-17 WI scope.  
Proposal 4: Aperiodic / semi-persistent reception of DL PRS can be included in Rel-17 WI scope.  
Proposal 5: Except for measurement gap, other bullets for latency reduction should not be included in Rel-17 WI scope.  
Proposal 6: RAN rely on SA conclusion for latency reduction related to storing UE capability in AMF procedure to decide whether to include it in Rel-17 WI scope.  
Proposal 7: Aggregation of DL PRS from multiple PFLs should NOT be in Rel-17 WI scope.  
Proposal 8: Aggregation of SRS for positioning resources should NOT be in Rel-17 WI scope.
Proposal 9: Enhancements for multipath/NLOS mitigation should NOT be in Rel-17 WI scope.

[bookmark: _Toc493127338]References
RP-202900 New WID on NR Positioning Enhancements
R1-2009842, 3GPP TR 38.857 Study on NR Positioning Enhancements (V0.4.0), Ericsson

4

