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[bookmark: _Ref528762725]1 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]According to the LS from RAN1 [1], RAN1 agreed the following conclusions regarding the improvement of positioning accuracy:
1. RAN1 has evaluated the use of positioning reference units (PRUs) with known locations for positioning and observes improvements in using PRUs for enhancing the positioning performance. But, RAN1 has not identified specification enhancements needed in RAN1 specifications. RAN1 kindly requests RAN2/RAN3 (cc SA2) to determine if and what specification enhancements are adopted for PRUs for positioning.
1. Notes: 
1. The term “positioning reference unit (PRU)” is only used as a terminology in this discussion.  PRU does not necessarily mean an introduction of a new network node.
1. PRU may support, at least, some of the Rel-16 positioning functionalities of UE, if agreed, which is up to RAN2.  The positioning functionalities may include, but not limited to, the following:
1. Provide the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences)
1. Transmit the UL SRS signals for positioning
1. PRU may be requested by the LMF to provide its own known location coordinate information to the LMF. If the antenna orientation information of the PRU is known, the information may also be requested by the LMF

In this contribution, we provide analysis and proposals on impact of the PRU on RAN3 specification. Accordingly a draft Reply LS is provided [2].
2 Discussion
Issue 1: What is the definition of Positioning Reference Device (PRU)？
According to the discussion of RAN1, Positioning Reference Device (PRU) is a device with known location and capable of at least the following positioning functionality, which can either be UE or TRP.
· Provide the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences)
· Transmit the UL SRS signals for positioning
For DL positioning, the PRU measure the DL-PRS, e.g., RSTD, RSRP, Rx-Tx time differences, and provide the positioning measurements to LMF; while for UL positioning, the PRU transmits the UL-SRS to enable the TRPs to measure and report the UL SRS positioning measurements from the PRU to LMF. Therefore the PRU can perform positioning measurement like a normal UE capable of positioning, and the only difference is the PRU is with known location. 
Observation 1: The PRU can perform positioning measurement like a normal UE capable of positioning, but with known location.
Issue 2: How to improve the positioning accuracy by using the PRU？
Taking the DL TDOA as an example, let’s analyse an impact of the TX/RX timing errors on the accuracy of positioning. An example of three gNBs or Transmission Reception Points (TRPs) with known location is shown as Figure 1:


Figure 1 An Example of Impact of TX/RX Timing Error on Positioning Accuracy
Where each gNBi node has an internal TX timing error – eTX,i and RX timing error – eRX,i, UE has an internal TX timing error – eTX,UE and RX timing error – eRX,UE,. TUE,i is the real propagation time between a UE and each gNBi.  ti-UE is the measured propagation time by the UE in case of the DL-based methods.
The form can be represented as below [3]:
	

	     (1)


Therefore, to calculate UE position more accurately, it is necessary to eliminate the influence of eTX,I and eTX,UE, so that LMF can obtain the real propagation time value of TUE,i.
Observation 2: To calculate UE position more accurately, it is necessary to eliminate the influence of eTX,I and eTX,UE, so that LMF can obtain the real propagation time value of TUE,i
To mitigate Rx/Tx Timing errors, reference device needs to be introduced. The detailed formula derivation can be found in the contribution [3]. The following formula shows the result after eliminating eTX,I  and eTX,UE :
	                (2)
where  represents the measurement / calculation value for the reference UE.
Therefore, based on the above formula (2), the influence of eTX,I and eTX,UE can be eliminated by the differential operation between the measured TDOAs of the measured UE and PRU, so that the real propagation time difference between the measured UE and TRPs can be obtained.
Observation 3: The influence of eTX,I and eTX,UE can be eliminated by the differential operation between the measured TDOAs of the measured UE and PRU, so that the real propagation time difference between the measured UE and TRPs can be obtained.
Issue 3： What is the impact of PRU on the specification of RAN2 or RAN3？
Based on the time difference value above, LMF using Chan's algorithm or other algorithm can obtain the relatively accurate position information of the measured UE. As discussed in RAN1, there are three possible methods to be considered [4]: 
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Method 1：Real-time UE& gNB Rx/Tx timing error mitigation method with reference UE
· Method 2：One-shot gNB Rx/Tx timing error estimation and compensation method with reference UE1
· Method 3：One-shot gNB Rx/Tx timing error measurement and compensation method with reference TRP
For method 1, the reference UE and the measured UE are required to report the measurement results (DTOA or RSTD) in real time, and then LMF according to the above formula, combined with the propagation time difference between the reference UE and TRPs estimated based on the location coordinate information of reference UE, can obtain the real propagation time difference between the measured UE and TRPs, and then the location of target UE can be further calculated by using Chan’s algorithm or other algorithm. Here, the impact on specification is mainly reflected in LPP protocol.
The potential impact on the LPP protocol, as described in the contribution [5], include:  
1) PRU capability and/or PRU location related information interaction function between LMF and UE as PRU
Observation 4: In case of UE as PRU, one potential impact on RAN2 specification ( LPP protocol ) include:
1) PRU capability and/or PRU location related information interaction function between LMF and UE as PRU
For method 2 above, the one-shot compensation of TE difference value needs to be obtained in advance and then LMF uses it to compensate the reported measurement value of TDOA, RSTD between the target UE and TRPs in subsequent positioning calculation. As discussed in RAN1, there are two sub-options to be considered:
· Sub-option 1: Reference UE reports the measurement result (TDOA,RSTD) towards LMF, and then LMF according to the above formula, combined with the propagation time difference between the reference UE and TRPs estimated based on the location coordinate information of reference UE, can calculate the compensation of TE difference value, i.e, the variant:  , and uses it to compensate the subsequent positioning calculation.
· Sub-option 2: The compensation of TE difference value is calculated by reference UE itself, and reported towards LMF by using LPP PDU. Then LMF shall use it to compensate the subsequent positioning calculation.
For Sub-option 1, the potential impact on LPP protocol is similar to method 1, i.e., it also needs PRU capability and/or PRU location related information interaction procedure between LMF and UE as PRU.
For Sub-option 2, an example of signalling flow to support TE Difference value report procedure is shown as below: 



Figure 2 An Example of Signalling to Support TE Difference Value Report Procedure
According to the above Figure 2, the TE difference value request and reporting procedure also needs to be considered in LPP protocol.
In conclusion, for method 2, the potential impacts on LPP protocol include:
1) PRU capability and/or PRU location related information interaction procedure between LMF and UE as PRU
2) The TE difference value request and reporting procedure between LMF and UE as PRU
Observation 5: In case of UE as PRU, another potential impact on RAN2 specification (LPP protocol ) include:
1) The TE difference value request and reporting function between LMF and UE as PRU
Furthermore, for NRPPa, the behaviour of the above two methods is the same as the positioning procedure of legacy R16 UE. Therefore, both methods have no impact on RAN3 specification.
Observation 6: In case of UE as PRU, there is no impact on RAN3 specification.
Finally, for method 3 above, in case of TRP as PRU, the impact on RAN3 specification cannot be ignored. As discussed in RAN1, there are two sub-options to be considered:
· Sub-option 1: LMF calculates the TE difference, and TRP only needs to report the measurement to LMF.
· Sub-option 2: TRP calculates the TE difference, and reports the Tx TE difference between TRPs to LMF.
For Sub-option 1, taking DL TDOA as an example, the signalling procedure of TRP as PRU is as follows:


Figure 3 The Signalling Procedure of TRP as PRU for Sub-Option 1
The above signalling procedure is similar to that of LPP protocol, that is, it mainly include:
1) PRU capability and/or PRU location related information interaction function between LMF and TRP as PRU
2) Assistance data transfer function from LMF, e.g, PRS configuration of neighbour cells
3) Location Information Request / Reporting function between LMF and TRP as PRU
Regarding the calculation and usage of the compensation of TE difference value, the sub-option 1 of method 3 is similar to the sub-option 1 of method 2, i.e., all are done by LMF alone.
For Sub-option 2, the signalling procedure of TRP as PRU is as follows:


Figure 4 The Signalling Procedure of TRP as PRU for Sub-Option 2
The signalling procedure is similar to the above, the main difference is that TRP directly calculates Tx TE difference, and reports the value towards LMF. i.e., additionally the TE difference value request and reporting procedure between LMF and TRP as PRU needs to be considered.
In conclusion, when the TRP as PRU supports some of the Rel-16 positioning functionalities of UE, it will bring impact on RAN3 specification. Specifically, RAN3 specification needs to support part of the positioning related functions currently transported through LPP PDU, e.g, including:
1) PRU capability and/or PRU location related information interaction function between LMF and TRP as PRU
2) Assistance data transfer function for PRS configuration of neighbour cells
3) Location Information Request / Reporting procedure for DL positioning method.
4) The TE difference value request and reporting procedure between LMF and TRP as PRU
Observation 7: When the TRP as PRU supports some of the Rel-16 positioning functionalities of UE, RAN3 specification needs to support part of the positioning related functions currently transported through LPP PDU, e.g, including:
1) PRU capability and/or PRU location related information interaction function between LMF and TRP as PRU
2) Assistance data transfer function for PRS configuration of neighbour cells
3) Location Information Request / Reporting function for DL positioning method.
4) The TE difference value request and reporting function between LMF and TRP as PRU.
Issue 4： What is the solutions of RAN3 to implement TRP as PRU？
According to the above description, the main impact on RAN3 is the method 3, and how to implement the signalling procedure between LMF and TRP as PRU should be further considered in RAN3. There may be two protocol architecture options to be analysed.
· Protocol Option 1: Use the legacy way, NGAP carries NRPPa protocol
For the option, apparently the NRPPa protocol needs to be enhanced to support the feature. Specifically, for DL TDOA, as shown in the Figure 3 & 4 above, NRPPa needs to support those protocol functions, details should be align with the progress of LPP protocol. 
For UL TDOA, considering that UL measurement results are collected by different TRPs, only Sub-option 1 can be considered, i.e. LMF calculates the TE difference. Additionally, the measurement related procedure is mainly via NRPPa, so the existing procedure can be reused. 
For DL+UL (RTT) positioning, e.g, multi RTT, it is similar as UL TDOA. i.e, only LMF calculates the TE difference. Similarly the existing NRPPa procedure can be reused.
Observation 8: If using NRPPa protocol, for DL TDOA, it needs to be enhanced to support all the functions listed in Observation 7, details should be align with the progress of LPP protocol. But for UL TDOA and DL+UL (RTT) positioning, the existing NRPPa procedure can be reused.
· Protocol Option 2: NGAP carries LPP protocol
The motivation of option is that NRPPa is an application protocol between the logical entity with gNB function and the logical entity with positioning function. But the PRU is more like a logical entity with part of UE capability. Therefore, the option will enable the signalling procedure between LMF and TRP as PRU to directly reuse the signalling procedure defined by the LPP protocol. It can avoid more specification modifications brought by the Option 1. For DL TDOA, the enhanced LPP protocol can be reused. And for UL TDOA and DL+UL (RTT) positioning, the existing NRPPa procedure can be reused. 
Observation 9: If using LPP protocol, for DL TDOA, the enhanced LPP protocol can be reused. For UL TDOA and DL+UL (RTT) positioning, the existing NRPPa procedure can be reused.
In summary, according to the above analysis, reference UE or TRP as PRU will bring impact on LPP and NRPPa protocol. Among them, the impact on RAN3 specification is mainly focus on the method 3 discussed by RAN1. Therefore, it is proposed for RAN3 to reply a LS of RAN1 to provide impact analysis for RAN3 specification.
Proposal: RAN3 to reply a LS of RAN1 to provide impact analysis for RAN3 specification.
Accordingly, we drafted a reply LS on Positioning Reference Units (PRUs) [2].
3 Conclusion
In the previous sections we made the following observations and proposals:
Observation 1: The PRU can perform positioning measurement like a normal UE capable of positioning, but with known location.
Observation 2: To calculate UE position more accurately, it is necessary to eliminate the influence of eTX,I and eTX,UE, so that LMF can obtain the real propagation time value of TUE,i
Observation 3: The influence of eTX,I and eTX,UE can be eliminated by the differential operation between the measured TDOAs of the measured UE and PRU, so that the real propagation time difference between the measured UE and TRPs can be obtained.
Observation 4: In case of UE as PRU, one potential impact on RAN2 specification ( LPP protocol ) include:
1) PRU capability and/or PRU location related information interaction function between LMF and UE as PRU
Observation 5: In case of UE as PRU, another potential impact on RAN2 specification (LPP protocol ) include:
1) The TE difference value request and reporting function between LMF and UE as PRU
Observation 6: In case of the UE as PRU, there is no impact on RAN3 specification.
Observation 7: When the TRP as PRU supports some of the Rel-16 positioning functionalities of UE, RAN3 specification needs to support part of the positioning related functions currently transported through LPP PDU, e.g, including:
1) PRU capability and/or PRU location related information interaction function between LMF and TRP as PRU
2) Assistance data transfer function for PRS configuration of neighbour cells
3) Location Information Request / Reporting function for DL positioning method.
4) The TE difference value request and reporting function between LMF and TRP as PRU.
Observation 8: If using NRPPa protocol, for DL TDOA, it needs to be enhanced to support all the functions listed in Observation 7, details should be align with the progress of LPP protocol. But for UL TDOA and DL+UL (RTT) positioning, the existing NRPPa procedure can be reused.
Observation 9: If using LPP protocol, for DL TDOA, the enhanced LPP protocol can be reused. For UL TDOA and DL+UL (RTT) positioning, the existing NRPPa procedure can be reused.
[bookmark: _GoBack]Proposal: RAN3 to reply a LS of RAN1 to provide impact analysis for RAN3 specification.
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