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[bookmark: _Ref349588338]1. 	Introduction 
At RAN1 Ad-Hoc Meeting #1901 the following candidate techniques were identified for NR positioning support [1]:
-	DL-based positioning:
-	DL Time Difference of Arrival (DL-TDOA);
-	DL Angle of Departure (DL-AoD).
-	UL-based positioning:
- 	UL Time Difference of Arrival (UL-TDOA);
-	UL Angle of Arrival (UL-AoA).
-	Combined DL and UL based positioning:
-	Round-trip time (RTT) with one or more neighbouring gNBs/TRPs.
In this contribution, we propose the NG-RAN positioning procedures applicable for combined DL and UL based positioning methods (i.e., multi-RTT). This procedure can be considered as a general case, where downlink-based (e.g., DL-TDOA (OTDOA)) and uplink-based (e.g., UL-TDOA (UTDOA)) could be supported as special cases of the proposed procedure.
The procedure description in this contribution is based on the extended NG-RAN positioning architecture proposed in [2].

2. 	Background: Downlink and Uplink based Positioning using RTT
OTDOA and UTDOA positioning methods are based on time-of-arrival (TOA) measurements performed on downlink signals or uplink signals, respectively. Although these methods have been shown to be effective, they have a serious problem in installing and maintaining hardware for very precise BS time synchronization. 
Round-Trip-Time (RTT) positioning uses two-way time-of-arrival measurements and require in principle no time synchronization between BSs. However, a coarse BS time synchronization is desired in order to reduce interference and increase hearability from multiple transmission points. This time synchronization requirement is similar to the TDD synchronization requirements (e.g., micro-seconds level synchronization instead of nano-seconds as in case of OTDOA/UTDOA). 
RTT measurements are in principle already supported in LTE but for a serving eNB only (Tadv Type 1 and Type 2 measurements [3], [4]). RTT measurements are also widely used in WLAN for (sub-)metre level positioning [5]. 
Figure 1 illustrates the principle of obtaining distance information from two-way time-of-arrival measurements (UL and DL measurements). Precise timing (TOA) measurements are required, similar to OTDOA/UTDOA location. RTT ranging measurements also rely on being able to compensate for any delays that the responding device may add in receiving and transmitting a signal. However, multiple responding devices (e.g., base stations) do not need to be precisely synchronized as in e.g., OTDOA/UTDOA location. The position of a device can then be determined based on distance (RTT) measurements to multiple base stations, as illustrated in Figure 2.


Figure 1: Principle of determining distance between two devices using UL and DL measurements.


Figure 2: Principle of multilateration in two dimensions from three base stations.

[bookmark: _Hlk528742996]3. 	Combined Downlink and Uplink Positioning Procedures
The positioning procedures described in the following assume the extended NG-RAN positioning architecture proposed in [2]. In particular, it is assumed that there is a "Location Management Component" (LMC) available in the NG-RAN. This allows the coordination of RTT measurements at a serving gNB/LMC (e.g., configure DL-/UL-PRS and instruct neighbour gNBs performing the UL measurements).
NOTE: 	The term UL-/DL positioning reference signal (PRS) is used in this contribution. However, as discussed in RAN1 [1], these may not necessarily be new NR reference signals; the "positioning signals" may also reuse existing NR signals and/or configurations, such as SSB, CSI-RS, SRS, etc.
The "initiating device" in Figure 1 may be the UE or the network. Therefore, network initiated, and UE initiated procedures are proposed below.
[bookmark: _Hlk528743066]3.1	Network Initiated UL/DL Positioning Procedure
Figure 3 below proposes the network-centric UL/DL (RTT) measurement procedure.

Figure 3: Network centric UL/DL measurement procedure.

LMF-initiated Measurement Procedure (steps 1a-1c):
1a.	The LMF may request the positioning capabilities of the target device using the LPP Capability Transfer procedure [6]. 
1b.	The LMF may determine the gNBs nearby the approximate location (e.g. given by the serving cell) of the target device. If there are no or not sufficient DL‑PRS resources configured on these gNBs, the LMF may initiate a NRPPa procedure to configure (or reconfigure) the DL-PRS on the gNBs as described in greater detail in [7].
1c.	The LMF sends a NRPPa POS MEASUREMENT INITIATION REQUEST message to the serving gNB. The request includes an indication that RTT UL/DL measurements are requested. 
AMF-initiated Measurement Procedure (step 2a):
2a.	The AMF sends a LOCATION REPORTING CONTROL message to the serving gNB. In addition to the parameters defined in [8], the message also includes the desired QoS and supported GAD shapes as described in [2]. The gNB (LMC [2]) decides to instigate the RTT method based on e.g., received QoS and UE/RAN supported positioning methods.
2b.	If the target device positioning capabilities are not known to the gNB/LMC, the gNB/LMC may request the positioning capabilities of the target device using the LPP UE Capability Transfer procedure embedded in a RRC RAN Information Transfer container message [2]. 
3.	If step 1b is not performed and if there are no or not sufficient DL-PRS resources configured on the serving and neighbouring gNBs (or the serving gNB is unaware of the DL-PRS configuration of neighbour gNBs), the serving gNB/LMC initiates a new XnAP [9] DL-PRS Reconfiguration procedure as described in greater detail in [7]. If a neighbour gNB is not able to configure the requested DL-PRS, it may provide a list of possible alternative configurations in the response. The serving gNB may then repeat the procedure with a different configuration request.  
4.	The serving gNB decides on the desired UL-PRS configuration (e.g., SRS transmissions) and provides the UL‑PRS configuration to the neighbour gNBs/LMCs in a new XnAP UL POS MEASUREMENT REQUEST message. The message includes all information required to enable the gNBs to perform the UL measurements. The message may also include a start time when the gNBs should expect the UL transmissions from the target device, and a search window for the UL (e.g., TOA) measurements. 
5.	If the neighbour gNBs/LMCs are able to accept the UL positioning measurement request in step 4, the gNBs/LMCs respond with a XnAP UL POS MEASUREMENT CONFIRM message.
6.	The serving gNB sends a LPP Request Location Information message embedded in a RRC DL RAN Information Transfer message [2] to the target device. The message includes any required assistance data for the target device to perform the necessary DL-PRS measurements (e.g., cell-IDs, DL-PRS configuration, measurement search window, etc.).
The message also includes a request to start the UL-PRS transmission (e.g., SRS transmission) and provides the UL-PRS configuration parameter (possibly including a transmission start time and transmission duration).
7a.	The target device performs the DL-PRS measurements from all gNBs provided in the assistance data at step 6. 
7b.	Each gNB configured at step 4/5 measures the UL-PRS transmissions from the target device. 
8.	The target device reports the DL-PRS measurements to the serving gNB in a LPP Provide Location Information message embedded in a RRC UL RAN Information Transfer message.
9.	Each gNB reports the UL-PRS measurements to the serving gNB in a XnAP UL POS MEASUREMENT REPORT message.
10. The gNB (LMC) calculates the RTTs for each gNB for which corresponding UL and DL measurements were provided at steps 8 and 9. 
11.	If step 1c was performed, the serving gNB sends a NRPPa POS MEASUREMENT INITIATION RESPONSE message to the LMF containing the RTT measurements.
12.	If step 2a was performed the serving gNB calculates the target device position at step 12a using the RTT measurements from step 10, and sends the location estimate in a NGAP LOCATION REPORT message to the AMF at step 12b.
NOTE :	 For the NRPPa response to the LMF at step 11, additional options could be considered:
-	The serving gNB provides both, the DL and UL measurements to the LMF and the RTT calculation (step 10) is performed at the LMF.
-	The gNB (LMC) computes the location (step 12a) and provides the location estimate to the LMF; i.e., step 11 is performed after step12a. This may reduce the calculation load at the LMF.

3.1.1	Network centric DL-only (e.g., OTDOA) or UL-only (e.g., UTDOA) measurement procedures
From the description above, it can be seen that DL-only (e.g.,  OTDOA) or UL-only (e.g., UTDOA) positioning can be supported as special cases of the UL/DL RTT procedure shown in Figure 3:
(a)	DL-only positioning: Steps 4, 5, 7b, 9, 10 would not be performed.
(b) UL-only positioning: Steps 1b/3, 7a, 8, 10 would not be performed.
Therefore, the NRPPa, XnAP and LPP messages introduced in Figure 3 above support DL, UL, and DL+UL based NR positioning methods.
NOTE 1:	The Rel-15 LMF based OTDOA procedure is still supported with the proposed architecture [2] (e.g., the LPP messages can be extended to support NR-OTDOA/RSTD measurements).
NOTE 2:	A LMF-based UTDOA procedure for NR, similar to the corresponding procedure for LTE described in [3] (e.g., by defining a SLm protocol for NR [10] or extending NRPPa), could additionally be specified. However, this appears less needed with the NG-RAN procedure shown in Figure 3. 

3.2	UE Initiated UL/DL Positioning Procedure
Figure 4 below proposes the UE-centric UL/DL RTT measurement procedure.
1. The target device sends an LPP Request Assistance Data message embedded in an UL RAN Information Transfer message to request assistance data for RTT from a serving gNB and assistance data for DL-PRS measurements (e.g., cell-IDs, DL-PRS configuration, measurement search window, etc.). The requested assistance data for RTT includes UL-PRS measurements, though might also include gNB location coordinates. In some scenarios, the request could be for periodic assistance data for RTT, in which case steps 6-10 below can be repeated periodically.
NOTE: 	As an alternative, the target device could send an LPP Request Location Information at step 1. However, this alternative means supporting reception of a new LPP message type by a LMC and transmission of a new LPP message type by a target device (i.e., the server and target roles for the Location Information Transfer procedure as defined in [6] would be reversed). Although UL-PRS measurements are not typical assistance data, they would, nevertheless, assist the target device to compute its own location and thus serve the same purpose as other types of assistance data.
2.	Same as step 3 in Figure 3.
3.	Same as step 4 in Figure 3.
4. 	Same as step 5 in Figure 3.
5.	Same as step 6 in Figure 3, but where the LPP Request Location Information message is only used to request UL PRS transmission by the target device.
NOTE:	As an alternative, the request for UL PRS transmission could be implicit in the LPP Provide Assistance Data message (which may include the UL-PRS configuration information).
6.	Same as step 7 in Figure 3.
7.	Same as step 9 in Figure 3.
8.	The serving gNB forwards the UL-PRS measurements to the target device in an LPP Provide Assistance Data message embedded in a RRC DL RAN Information Transfer message. 
9.	The UE calculates the RTTs for each gNB for which measurements were provided at steps 8 and 6a. 
10.	The UE calculates its location using the RTT measurements from step 9 (possibly together with other measurements, e.g., from RAT-independent methods [11]) using the assistance data (gNB location, etc.) provided in step 5 or available from broadcast messages [12].



Figure 4: UE centric UL/DL measurement procedure.



3.2.1	UE centric DL-only (e.g., OTDOA) or UL-only (e.g., UTDOA) measurement procedures
Similar to the network centric UL/DL RTT measurement procedure in Figure 3, the UE-centric DL-only (e.g., OTDOA) or UL-only (e.g., UTDOA) positioning can be supported as special cases of the RTT procedure in Figure 4:
(a)	DL-only positioning: Steps 3, 4, 6b, 7, 8, 9 would not be performed.
(b) UL-only positioning: Steps 2, 6a, 9 would not be performed.
Therefore,  UE-based UL-only positioning could be supported with this procedure as well, e.g., to allow hybridization of various positioning measurements at the target device ([11] and section 3.3 below).


3.2.2	UE centric UL/DL measurement procedure using 5GC MO-LR
As an additional option to the procedure in Figure 4, a UE centric UL/DL (RTT) measurement procedure could also be supported using the 5GC MO-LR procedures [13]. MO-LR for 5GC is not supported in Rel-15, but expected to be supported in Rel‑16 [13]. Figure 5 below shows this variant.


Figure 5: UE centric UL/DL measurement using 5GC MO-LR.

1a.	The UE sends a MO-LR request to the serving AMF indicating a request for a location estimate.
or
1b.	The UE sends a MO-LR request to the serving AMF which is forwarded by the AMF to the selected LMF to request RTT measurements. 
2.	If step 1a is performed, steps 1c and 11 in Figure 3 are not performed. 
If step 1b is performed, steps 2a and 12b in Figure 3 are not perfomed.
3a.	If step 1a is performed, the AMF sends a MO-LR RESULT to the target UE including any location determined in step 2. 
or
3b.	If step 1b is perfomed, the LMF sends a MO-LR RESULT to the target UE including any RTT measurements determined in step 2.
The procedure in Figure 4 would have reduced latency compared to Figure 5, since no core network signalling is required in the procedure in Figure 4. Also, the procedure in Figure 4 would better scale in case of a large number of UEs requesting positioning measurements since location server functionality is distributed among various NG-RAN nodes. 

3.3	Hybrid RTT and OTDOA positioning in asynchronous networks
Multi-RTT positioning may have higher latency and lower update rate than OTDOA positioning due to dependence on UL PRS measurements. For UE-based, the UL measurements need to be transferred to the UE which may add load to the network. However, the procedures described in e.g., Figure 4 above could also be used for hybrid RTT-OTDOA positioning, that is, OTDOA positioning in asynchronous networks. 
UL positioning (incl. UL-only, or the UL-measurement part of RTT positioning) is typically less suited for low-latency tracking applications which require periodic/frequent measurements at the target device, since the UE must continuously/periodically transmit UL PRS signals to enable uplink measurements. For such applications, DL positioning is better suited, since UEs only need to measure DL-PRS signals (which can be performed in idle mode if approriate assistance data are available e.g., via broadcast). Also, compared to DL positioning, UL positioning has typically a capacity limit (i.e., the number of UEs which can be located simultaneously is limited).
However, the RTT measurements together with RSTD measurements (OTDOA) could be used to determine the Real Time Differences (RTDs), which enables OTDOA location in asynchronous networks. Recall, OTDOA location is generally based on three quantities:
-	Observed Time Difference of Arrival (OTDOA). This means the time interval that is observed by a target device between the reception of DL-PRS from two different TPs. Assume PRS from a TP 1 is received at the time t1, and the PRS from a TP 2 is received at the time t2, the OTDOA value is (t2  t1). 
-	Real Time Difference (RTD). This means the relative synchronization difference in the network between two TPs. If TP 1 sends PRS at the time t3, and the TP 2 at the time t4, the RTD between them is (t4  t3). If the TPs transmit exactly at the same time the network is synchronized and the RTDs = 0. 
-	Geometric Time Difference (GTD). This is the time difference between the reception of PRS from two different TPs due to geometry. If the length of the propagation path between the TP 1 and the target device is d1, and the length of the path between the TP 2 and the target device is d2, then GTD = (d2  d1) / c, where c is the speed of radio waves. 
The relationship between these three quantities is:
OTDOA = RTD + GTD.
GTD is the actual quantity that is useful for location purposes, since it contains information about the position of the target device. If only OTDOA values are known (measured RSTDs), no location can be calculated, thus also RTD values must be known. In synchronous networks, RTDs are usually zero (or close to zero). 
In asynchronous networks, the RTDs could be determined with OTDOA (RSTD) and RTT measurements. If the RTTs for TPs 1 and 2 are measured (e.g., using the procedure shown in Figure 4 above) with RTT1 and RTT2 denoting the RTT to TP 1 and TP 2, respectively, and the UE measures in addition the RSTD, the RTD could be determined as:
RTD = OTDOA  GTD
RTD = OTDOA – (RTT2 – RTT1)/2.
The OTDOA above is the UE RSTD measurement, and the GTD would be given by half the difference of the RTTs.
Therefore, the procedure in e.g., Figure 4 above would need to be executed only occasionally to determine the RTDs (e.g. determine whether the RTDs are constant or determine a rate of RTD drift); the actual UE location can then be based on OTDOA positioning without any UL measurements. The RTDs are expected to change relatively infrequently, therefore, the RTT measurements to determine RTD do not need to be performed frequently. Therefore, hybrid RTT and OTDOA would enable frequent/periodic low-latency, high-accuracy UE-based OTDOA in asynchronous networks.

4. 	Summary 
In this contribution we proposed the positioning procedures to support positioning solutions based on combined downlink- and uplink measurements (e.g., to support RTT based location). It has been shown that these procedures can support downlink-only (e.g., OTDOA) and uplink-only (e.g., UTDOA) positioning as well using a subset of the proposed messages in the procedures. Therefore, the proposed procedures support UE-assisted and UE-based location for all three general location solutions agreed to be considered for NR positioning [1]:
-	downlink-based solutions (e.g., OTDOA, AoD);
- 	downlink- and uplink-based solutions (e.g., RTT); and
-	uplink-based solutions (e.g., UTDOA, AoA).
Based on this, the following is proposed:
Proposal 1: 	Support combined downlink- and uplink NR positioning procedures for multi-RTT location, including:
-	The combined downlink- and uplink NR positioning procedures should be supported for UE initiation and network initiation.
-	The combined downlink- and uplink NR positioning procedures should be supported for UE‑assisted and UE-based positioning.
-	Downlink-only (e.g., OTDOA) and uplink-only (e.g., UTDOA) solutions could be supported as special cases of this combined downlink- and uplink NR positioning procedures. 
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