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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In RAN Meeting #86, the SI [1] on NR positioning enhancement was approved as below.
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, signaling, and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.
d. 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]
NOTE 1:	Sidelink is not part of this objective.
NOTE 2:	Involve RAN4 for validating assumptions for the systems evaluations where appropriate.
NOTE 3:	The commercial use cases and requirements are applicable to a limited geographic area.
2. Study solutions necessary to support the 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.
NOTE 4:	Objective 2 is applicable to both, RAT-dependent and RAT-independent positioning methods.
In this contribution, we present our views on potential positioning enhancements.
1. Discussion
3GPP Rel-16 specified various positioning techniques to support regulatory as well as commercial use cases. The target horizontal positioning requirements for commercial use cases studied in Rel-16 were <3 m (80%) for indoor scenarios and <10 m (80%) for outdoor scenarios. While in Rel-17, RAN1 needs to study the potential enhancement of NR positioning for more stringent requirements (such as accuracy <0.2m (90%) latency<100ms, reduce efficiency, etc）in the IIoT scenario. In this section, some considerations are proposed about those requirements. 
Considerations for Accuracy
In the GNSS field, it is common to correct the errors and provide high accuracy positioning services based on the reference station，such as RTK. So, it is natural for us to consider the same idea to improve positioning accuracy by the reference point in the factory.
In an industrial factory, the channel state and measurement result of UEs in the adjacent area can be assumed to be similar. The measurement results of the reference points can be used to eliminate the measurement error by comparing its’ real location with the estimated location, then the measurement error can be provided to the nearby UEs to compensate for the error accordingly. The differential positioning can also be used with Rel-16 positioning techniques to improve positioning accuracy. 
Proposal 1: 
· The measurement error calculated by the reference point can be transmitted to the related UE to improve positioning accuracy.
Considerations for latency
Reconfiguration PRS by LMF 
In 8.12.3.2 from TS 38.305 [2], for DL TDOA positioning, the procedure between LMF and gNB only supports the gNB to provide assistance data to the LMF. It doesn't support the LMF to update the PRS configuration information. The procedure is illustrated in Figure 1.


[bookmark: _Ref40196156]Figure 1 LMF-initiated Assistance Data Delivery Procedure
Even many configurations such as the muting pattern, repetition factor, and frequency layer are defined in Rel-16, the LMF still cannot dynamically change these configurations according to the demand because the LMF update procedure to gNB isn’t supported. It will lead to the failure of positioning or measurement. For example, the PRS collision is changed and new interference will be generated because of the drifting of network sync or adding new BS, which maybe lead to the failure of positioning or measurement. 
[bookmark: p5]If the update procedure initiated by LMF is supported, LMF can also help gNB to avoid interference, considering that only LMF knows all the configuration of the neighboring cells. Besides that, the low latency requirement (<10ms) cannot be reached only by the periodic PRS. We would like to support the reconfiguration PRS by LMF for latency, network, and device efficiency.
Proposal 2: 
· Support the reconfiguration of PRS by LMF.
A- SRS 
One of the main issues in Rel-17 positioning is the latency needs less than [10ms]. As know as everyone, aperiod can help to reduce latency. And SRS includes period, semi-persistent, aperoid. It is worth to study how to realize the A-SRS on time.
In Rel-16，we have considered how to notify neighbouring cell to measure A-SRS on time. But there is no conclusion for it, so we suggest reconsider it in Rel-17.
Proposal 3:  
· How to notify neighbouring cell to measure A-SRS on time should be reconsidered in Rel-17.
Aperiodic positioning measurement report
In current specification TS37.355 [3], there are several reporting methods as below:
· Periodical reporting. The UE may provide periodic location information reports with the same time interval between two consecutive reports. The interval also indicates the response time requirement for the first location information report. The UE report amounts of 1, 2, 4, 8, 16, 32, 64, or infinite/indefinite number and report intervals of 1, 2, 4, 8, 10, 16, 20, 32, and 64 seconds. 
· Triggered reporting. Triggered reporting is only applicable for ECID. The UE provides requested location information each time the primary cell has changed.
· Immediately reporting. For immediately reporting, the high layer parameter responseTime field indicates the maximum response time as measured between receipt of the RequestLocationInformation and the transmission of a ProvideLocationInformation. The value of responseTime is between 1 and 128 unit, the units are 1 second or 10-seconds.
In Rel-17, the target latency requirement is < 100 ms; for some IIoT use cases, latency in the order of 10 ms is desired. The target latency can’t be achieved considering the minimum latency is 1s in the current specification.
Therefore, firstly, we think that a finer granularity of the response time for UE can be introduced, so we propose:
Proposal 4: [bookmark: p10] 
· Introduce 10 ms level granularity for the response time and reporting intervals in CommonIEsRequestLocationInformation.
In addition to the above 3 reporting methods, in order to meet the requirement of low latency, aperiodic reporting should be considered. For example, when a UE is configured to provide periodic location information reports, the LMF can maintain the location information reported by the UE in every period. However, if the period is large, once it receives an urgent positioning request, the LMF has to wait for the next periodic location report to obtain positioning information or response immediately with previous positioning information, either increase latency or loss accuracy. Aperiodic reporting may be a solution to this problem. Compared with immediately reporting, the latency of aperiodic reporting in the physical layer is shorter; in addition, aperiodic reporting can be used together with other reporting methods such as periodic reporting, while for immediately reporting method, it cannot be used together with periodic reporting according to current specification. Therefore, to respond to positioning information in time, aperiodic positioning report for NR positioning enhancement should be considered. 
Similar to aperiodic SRS triggering for positioning, for aperiodic positioning report, the LMF may send signaling to indicate the serving gNB with aperiodic report request. Then the gNB triggers aperiodic report via signaling such as DCI. However, unlike aperiodic SRS, the triggering of aperiodic positioning report only involves the signaling interaction between the UE, the serving gNB, and the LMF. It does not involve the interaction with neighboring gNBs, so that from the perspective of signaling latency, aperiodic positioning reporting may be feasible.
Therefore, we propose
Proposal 5: [bookmark: p11]
· Aperiodic positioning measurement report can be considered in Rel-17.
Pre-allocated uplink grant
Grant Free UL Transmission enables to reduce UL transmission delays and achieve URLLC Reliability targets.For low latency and reliability requirements, it is required to support UL GF transmission with multiple repetitions (i.e. UL data transmission without scheduling request).
Figure 2 is the schedule flow for dynamic UL scheduling targeting a C-RNTI. In this approach, the delay is high due to the handshake procedure (i.e sending the scheduling Request (SR) and waiting for UL grant allocation)


Figure 2 uplink schedule
To transmit on the UL-SCH, the MAC entity must have a valid uplink grant which it may receive dynamically on the PDCCH or in a Random Access Response or which may be configured semi-persistently or pre-allocated by RRC.
Grant free UL transmission will help overcome these delay issues by pre-scheduling UL grants. UE does not need to send a service request and wait for UL Grants show in Figure3.


Figure 3 grant free uplink schedule
If this procedure can be used for positioning periodic report, then signals and multiple configuration latency can be saved. And this pre-allocated grant should adapt to the positioning report period, so the best latency result is performed.


Figure 4 configured grant resource adapt to positioning report period
This configured grant can be defined as positioning use only uplink resource.
Proposal 6: 
· Grant free UL transmission can be used for periodic positioning report and positioning specific configured grant should be considered in Rel-17.
Measurement GAP
We have the following agreement for PRS captured in 5.1.6 of TS 38.214[4]:
The UE is expected to measure the DL PRS resource outside the active DL BWP or with numerology different from the numerology of the active DL BWP if the measurement is made during a configured measurement gap. When not configured with a measurement gap, the UE is only required to measure DL PRS within the active DL BWP and with the same numerology as the active DL BWP. When the UE is expected to measure the DL PRS resource outside the active DL BWP it may request a measurement gap in higher layer parameter [XYZ]. 
And the below agreement was reached at RAN1-101-e 
· UE is not expected to process DL PRS without configuration of measurement gap in Rel-16
Based on the above agreement, only the measurement gap is configured, the UE can measure DL PRS during the time window of gap length. So, if the UE is not configured with an appropriate measurement gap to measure the PRS. Maybe lead some PRS cannot be measured, and the accuracy cannot be guaranteed. It is well known that the PRS periodicity is:
 slots. And the MG periodicity is  ms according to the RAN4 conclusion. It is easily observed that some PRS periodicity (such as 8,16,32, 64 ms) is not matched with MG periodicity. And the period of PRS can be configured very large such as {320, 640, 1280, 2560, 5120, 10240}ms. While the maximum MG periodicity is only 160ms. When the UE is only expected to measure PRS resources with large periodicity such as 10240ms within a measurement gap, the MG periodicity of 160ms may not be suitable and a larger MG periodicity is required. Besides that, introducing larger values of the MG periodicity may not increase overhead, whereas adding flexibility. And it may impact on latency and accuracy if the MG periodicity (such as 8,16,32, 64 ms) is not matched with PRS periodicity.
Therefore, extending the measurement gap for NR positioning measurement should be considered.
In addition to gap length, the PRS is configured by the LMF and doesn’t consider the MGL until now. And MGL is configured by gNB , which is {1.5, 3, 3.5, 4, 5, 5.5, 6, [10,18,20,34,40 and 50]}ms. So it is difficult to make all the PRS in the MGL and hope the percentage of MGL/MG periodicity is small. If the MGL is too long, it will impact on the reception of other data and signal. And some PRS can not be measured if the MGL is too small. Therefore, the gap length needed to be studied for NR positioning.
Proposal 7: 
· Extending the measurement gap for NR positioning measurement should be considered
· The flow of the configuration of the extended measurement gap needed to be considered.
Considerations for network efficiency, and device efficiency
Idle /inactive positioning measurement and report
Nowadays, many applications that provide trajectory tracking functions are widely used such as childcare tracking, etc. These applications require periodic positioning. Without supporting idle/inactive mode positioning, UE needs to switch between connected and idle mode continuously, which leads to lots of signaling overhead. 
Furthermore, in section 6.7.1 of TS23.273[5], event reports in the idle state have been supported for low power periodic and triggered 5GC-MT-LR procedures. If the UE and NG-RAN node both support EDT, the UE may send an RRCEarlyDataRequest message to the NG-RAN node and includes a NAS control plane service request which contains an event report including the information such as the type of event being reported and any location measurements or location estimate. From the perspective of SA2, to save UE power, reporting location information in idle states is recognized. Correspondingly, we believe that on the RAN side, especially for RAN2, idle or inactive states positioning reporting should also be supported. 
From the perspective of RAN2, idle or inactive positioning may have the following impacts：
· How does UE report the measurement or estimate information to the network. 
· How does UE obtain assistant data for measurement and report, or send SRS.
Therefore, we propose that,
Proposal 8: [bookmark: p12]
· Positioning in idle/inactive states should be supported by RAN2 in Rel-17.
2. Conclusion
Based on the discussion in section 2 and 3, we observe and propose the following:
Proposal 1: 
· The measurement error calculated by the reference point can be transmitted to the related UE to improve positioning accuracy.
Proposal 2: 
· Support reconfiguration of PRS by LMF.
Proposal 3: 
· How to notify neighbouring cell to measure A-SRS on time should be reconsidered in Rel-17.
Proposal 4: 
· Introduce 10 ms level granularity for the response time and reporting intervals in CommonIEsRequestLocationInformation.
Proposal 5: 
· Aperiodic positioning measurement report can be considered in Rel-17.
Proposal 6: 
· Grant free UL transmission can be used for  periodic positioning report and positioning specific configured grant should be considered in Rel-17.
Proposal 7: 
· Extending the measurement gap for NR positioning measurement should be considered
· The flow of the configuration of the extended measurement gap needed to be considered.
Proposal 8: 
· Positioning in idle/inactive states should be supported by RAN2 in Rel-17
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