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1. 
Introduction 
At RAN1#94bis native NR positioning solutions have been discussed with the following agreement being made [1]:
The RAT dependent solutions considered for the study include:
· Downlink (DL) based solutions;
· Downlink (DL) and uplink (UL) based solutions;
· Uplink (UL) based solutions.
An example of a DL based solution may be OTDOA positioning; an example of an UL based solution may be UTDOA. Round-Trip-Time (RTT) positioning is an example of a combined DL and UL based solution [2]. 
In this contribution, we propose the NG-RAN positioning procedures applicable for DL and UL based positioning methods (e.g., RTT based solutions). This procedure can be considered as a general case, where downlink-based (e.g., OTDOA) and uplink-based (e.g., 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 [3].

2. 
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 [4], [5]). RTT measurements are also widely used in WLAN for (sub-)metre level positioning [6]. 
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.
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Figure 1: Principle of determining distance between two devices using UL and DL measurements.


[image: image2.emf]d

2

d

1

Target Device Location

d3


Figure 2: Principle of multilateration in two dimensions from three base stations.
3. 
Combined Downlink and Uplink Positioning Procedures

The positioning procedures described in the following assume the extended NG-RAN positioning architecture proposed in [3]. In particular, it is assumed that there is a Location Management Component (LMC) included in the gNBs. This allows the coordination of RTT measurements at a serving gNB (e.g., configure DL-/UL-PRS and instruct neighbour gNBs performing the UL measurements, which would reduce latency (and avoids knowledge of radio related parameter/information at the LMF in the core network)).
NOTE: 
The term UL-/DL positioning reference signal (PRS) is used in this contribution. However, 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. dependent on RAN1 agreements.
The "initiating device" in Figure 1 may be the UE or the network. Therefore, network initiated, and UE initiated procedures are proposed below.
3.1
Network Initiated UL/DL Positioning Procedure

Figure 3 below proposes the network-centric UL/DL (RTT) measurement procedure.
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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 [7] (assuming LPP is continued being used for NR positioning in Rel-16 [8]). 
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 [9].
NOTE 1:
The possible DL-PRS configuration options need to be decided by RAN1.
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. 
NOTE 2: 
The NRPPa message may be a new or an existing message. E.g., the NRPPa E-CID MEASUREMENT INITIATION REQUEST message may be reused [10].
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 [11], the message also includes the desired QoS and supported GAD shapes as described in [3]. The gNB (LMC [3]) decides to instigate the RTT method based on received QoS and UE/RAN supported positioning methods.
2b.
If the target device positioning capabilities are not known to the gNB, the gNB may request the positioning capabilities of the target device using the RRC UE Capability Transfer procedure [12]. 
NOTE 3: 
The LPP capability parameters may be copied or imported into RRC (generally, LPP parameter/messages may be defined as OCTET STRINGs in RRC). However, LPP capabilities supported at an RRC level could be distinct from capabilities supported at an LPP level (e.g. a UE might provide support using LPP but not using RRC, or vice versa).
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 initiates a XnAP [13] DL-PRS Reconfiguration procedure as described in greated detail in [9]. 
NOTE 4:
The possible DL-PRS configuration options need to be decided by RAN1.

NOTE 5:
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 in a XnAP UL POS MEASUREMENT REQUEST message. 

NOTE 6:
The possible UL-PRS configuration options need to be decided by RAN1.

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 are able to accept the UL positioning measurement request in step 4, the gNBs respond with a XnAP UL POS MEASUREMENT CONFIRM message.
6.
The serving gNB sends a RRC DL POS MEASUREMENT REQUEST message 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. The measurement may be a TOA measurement or a UE RxTx Time Difference Measurement.
NOTE 7:
The required UE measurements need to be decided by RAN1.

7b.
Each gNB configured at step 4/5 measures the UL-PRS transmissions from the target device. The measurement may be a TOA measurement or a gNB RxTx Time Difference Measurement.

NOTE 8:
The required gNB measurements need to be decided by RAN1.

8.
The target device reports the DL-PRS measurements to the serving gNB in a RRC DL POS MEASUREMENT REPORT 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. 

NOTE 9:
The details of the RTT calculation depends on RAN1 decision. For example, the RTT could be based on a combination of gNB RxTx Time Difference’s and UE RxTx Time Difference’s (such as Tadv Type 1 in LTE [5], [14]), or may be based on a combination of TOA measurements, similar as used for the WLAN Fine Time Measurement procedure described in e.g. [6],[15].
11.
If step 1c was performed, the serving gNB sends a NRPPa POS MEASUREMENT INITIATION RESPONSE message to the LMF containing the RTT measurements.

NOTE 10: The NRPPa message may be a new or an existing message. E.g., the NRPPa E-CID MEASUREMENT INITIATION RESPONSE message may be reused [10].
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 11:
 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.
From the description above, it can be seen that OTDOA or UTDOA positioning can be supported as special cases of the UL/DL RTT procedure:

(a)
OTDOA positioning: Steps 4, 5, 7b, 9, 10 would not be performed.

(b) UTDOA positioning: Steps 1b/3, 7a, 8, 10 would not be performed.
Therefore, the NRPPa, XnAP and RRC messages introduced in Figure 3 above support DL, UL, and DL+UL based NR positioning methods.

NOTE 12:
The Rel-15 OTDOA procedure (using LPP and extended to NR measurements) can still be supported as well with the proposed architecture [3] (e.g., the LPP messages can be extended to support NR-OTDOA).

NOTE 13:
A LMF-based UTDOA procedure for NR, similar to the corresponding procedure for LTE described in [4], could additionally be specified. However, this appears less needed with the NG-RAN procedure shown in Figure 3. 
NOTE 14:
Since RTT measurements require close time coupling between UE and gNB measurements, a LMF based UL positioning control procedure (instead of steps 4/5) and similar to UTDOA in LTE (see NOTE 13) appears less feasible (e.g., as already known from LTE Tadv Type 1 measurements [4]).
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 a RRC LOCATION MEASUREMENT INDICATION message to the serving gNB to request RTT measurements.
The existing Location Measurement Indication procedure [12] may be reused for this purpose by adding an additional entry in the LocationMeasurementInfo CHOICE for RTT measurements. 
The UE may start the timer Tpos. The UE stops Tpos when the RRC message at step 5 has been received. When the timer Tpos expires (i.e., no RRC Message at step 5 has been received), the UE assumes the request cannot be granted.
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.

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 a RRC LOCATION MEASUREMENT DELIVERY message. 

NOTE 1:
The RRC messages (e.g., steps 5, 8) may just include an OCTET STRING container with parameters defined in LPP [7] (assuming LPP is continued being used for NR positioning in Rel-16 [8]).
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) using the assistance data (gNB location, etc.) provided in step 5 or available from broadcast messages [16].

Similar to the network centric UL/DL RTT measurement procedure in Figure 3, the UE-centric OTDOA or UTDOA positioning can be supported as special cases of the RTT procedure in Figure 4:

(a)
OTDOA positioning: Steps 3, 4, 6b, 7, 8, 9 would not be performed.

(b) UTDOA positioning: Steps 2, 6a, 9 would not be performed.

Therefore, a UE-based UTDOA could be supported with this procedure as well, e.g., to allow hybridization of various positioning measurements at the target device.
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 Figure 4: UE centric UL/DL measurement procedure.
As an additional option to the procedure in Figure 4, a UE centric UL/DL (RTT) measurement procedure could also be supported using the normal MO-LR procedures [17]. MO-LR for 5GC is not supported in Rel-15, but expected to be supported in Rel‑16 [18]. Figure 5 below shows this variant.
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Figure 5: UE centric UL/DL measurement using 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. 
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. 

The procedures are based on the extended NG-RAN positioning architecture proposed in [3] which reduces latency in position determination (e.g., no or reduced core network signalling) and increase location capacity by offloading location support from LMFs. The procedures also support location in networks that do not include an LMF.
Therefore, the proposed procedures support UE-assisted and UE-based location for all three general location solutions agreed to be considered for the study [1]:

-
downlink-based solutions (e.g., OTDOA);

- 
downlink- and uplink-based solutions (e.g., RTT); and

-
uplink-based solutions (e.g., UTDOA).

Based on this, the following is proposed:
Proposal 1: 
Support combined downlink- and uplink NR positioning procedures for multi-gNB RTT-based location solutions.

Proposal 2:
The combined downlink- and uplink NR positioning procedures should be supported for UE initiation and network initiation.
Proposal 3:
Downlink-only (e.g., OTDOA) and uplink-only (e.g., UTDOA) solutions should be supported as special cases of this combined downlink- and uplink NR positioning procedures. 

Proposal 4:
Include the attached text proposal in TR 38.855.
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Definitions and Abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [2] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [2].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Abbreviations
AMF
Access Management Function
DL
Downlink
ECID
Enhanced Cell ID

LMC
Location Management Component 
LMF
Location Management Function
LPP
LTE Positioning Protocol
NRPPa
NR Positioning Protocol A
OTDOA
Observed Time Difference Of Arrival

PRS
Positioning Reference Signal

RTT
Round-Trip-Time
UL
Uplink
UTDOA
Uplink Time Difference Of Arrival

WLAN
Wireless Local Area Network
4
 General Description of NR Positioning

5
Rel. 16 NR Positioning Requirements

Editor’s Note: To be determined,  
6
Deployment Scenarios and Evaluation Methodologies for NR Positioning

Editor’s Note: To be determined,  
6.1 
Scenarios and System Parameters for Positioning Evaluations

6.2
Performance Metrics

7
Studied NR Positioning Technologies

Editor’s Note: To be determined. Study techniques for NR positioning (RAT-dependent, such as e.g. OTDOA, UTDOA, E-CID, etc and RAT-independent and hybrid solutions, e.g. A-GNSS, etc).  
7.1 
RAT-dependent NR Positioning Technologies


7.2 
RAT-independent NR Positioning Technologies

8
Evaluation Results of NR Positioning 

Editor’s Note: To be determined. Evaluate physical layer design options, measurements, and/or any additional impacts or enhancements, as applicable per technology, for RAT-dependent and RAT-independent positioning systems, including suitable frequencies and signals.

9
Identified NR Impacts 

Editor’s Note: To be determined for RAT-dependent and RAT-independent positioning technologies including signal design, procedure descriptions and architecture impacts, for NR specifications (if applicable), including impacts to Network and UE complexities/coexistence and specification impacts.

9.1 
Signal definitions and configuration parameters

9.2 
Procedure and protocol aspects
9.2.x
Downlink and Uplink Positioning Procedures
9.2.x.1
Network Initiated UL/DL Positioning Procedure

Figure 9.2.x.1-1 below shows the network-centric UL/DL (e.g., RTT) measurement procedure.

[image: image6.emf]UE gNB

gNB

gNB

gNB AMF LMF

1c. NRPPa Message

(Type: POS MEASUREMENT INITIATION REQUEST)

2a. NGAP Message

(Type: LOCATION REPORTING CONTROL)

6. RRC Message

(Type: DL POS MEASUREMENT REQUEST;

            ASSISTANCE DATA)

7a. DL-PRS 

Measurements

7b. UL-PRS Measurements

4. XnAP Message

(Type: UL POS MEASUREMENT REQUEST)

1a. LPP Capability Transfer 

2b. RRC Capability Transfer

5. XnAP Message

(Type: UL POS MEASUREMENT CONFIRM)

8. RRC Message

(Type: DL POS MEASUREMENT REPORT)

9. XnAP Message

(Type: UL POS MEASUREMENT REPORT)

10. RTT 

Calculation

11. NRPPa Message

(Type: POS MEASUREMENT INITIATION RESPONSE)

12a. Position 

Calculation

12b. NGAP Message

(Type: LOCATION REPORT)

1b. NRPPa DL-PRS (Re-)Configuration

3. XnAP DL-PRS (Re-)Configuration

Figure 9.2.x.1-1: 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 [x4] (assuming LPP is continued being used for NR positioning in Rel-16). 

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.
NOTE 1:
The possible DL-PRS configuration options need to be decided by RAN1.
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. 

NOTE 2: 
The NRPPa message may be a new or an existing message. E.g., the NRPPa E-CID MEASUREMENT INITIATION REQUEST message may be reused [x5].
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 [x6], the message also includes the desired QoS and supported GAD. The gNB (LMC) decides to instigate the RTT method based on received QoS and UE/RAN supported positioning methods.

2b.
If the target device positioning capabilities are not known to the gNB, the gNB may request the positioning capabilities of the target device using the RRC UE Capability Transfer procedure [x7]. 
NOTE 3: 
The LPP capability parameters may be copied or imported into RRC (generally, LPP parameter/messages may be defined as OCTET STRINGs in RRC). However, LPP capabilities supported at an RRC level could be distinct from capabilities supported at an LPP level (e.g. a UE might provide support using LPP but not using RRC, or vice versa).
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 initiates a XnAP [x8] DL-PRS Reconfiguration procedure. 

NOTE 4:
The possible DL-PRS configuration options need to be decided by RAN1.

NOTE 5:
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 in a XnAP UL POS MEASUREMENT REQUEST message. 

NOTE 6:
The possible UL-PRS configuration options need to be decided by RAN1.

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 are able to accept the UL positioning measurement request in step 4, the gNBs respond with a XnAP UL POS MEASUREMENT CONFIRM message.
6.
The serving gNB sends a RRC DL POS MEASUREMENT REQUEST message 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. The measurement may be a TOA measurement or a UE RxTx Time Difference Measurement.

NOTE 7:
The required UE measurements need to be decided by RAN1.

7b.
Each gNB configured at step 4/5 measures the UL-PRS transmissions from the target device. The measurement may be a TOA measurement or a gNB RxTx Time Difference Measurement.

NOTE 8:
The required gNB measurements need to be decided by RAN1.

8.
The target device reports the DL-PRS measurements to the serving gNB in a RRC DL POS MEASUREMENT REPORT 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. 

NOTE 9:
The details of the RTT calculation depends on RAN1 decision. For example, the RTT could be based on a combination of gNB RxTx Time Difference’s and UE RxTx Time Difference’s (such as Tadv Type 1 in LTE [x2], [x9]), or may be based on a combination of TOA measurements, similar as used for the WLAN Fine Time Measurement procedure described in e.g. [x3],[x10].

11.
If step 1c was performed, the serving gNB sends a NRPPa POS MEASUREMENT INITIATION RESPONSE message to the LMF containing the RTT measurements.

NOTE 10: The NRPPa message may be a new or an existing message. E.g., the NRPPa E-CID MEASUREMENT INITIATION RESPONSE message may be reused [x5].
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 11:
 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.

From the description above, it can be seen that OTDOA or UTDOA positioning can be supported as special cases of the UL/DL RTT procedure:

(a)
OTDOA positioning: Steps 4, 5, 7b, 9, 10 would not be performed.

(b) UTDOA positioning: Steps 1b/3, 7a, 8, 10 would not be performed.

Therefore, the NRPPa, XnAP and RRC messages introduced in Figure 9.2.x.1-1 above support DL, UL, and DL+UL based NR positioning methods.

NOTE 12:
The Rel-15 OTDOA procedure (using LPP and extended to NR measurements) can still be supported as well (e.g., the LPP messages can be extended to support NR-OTDOA).

NOTE 13:
A LMF-based UTDOA procedure for NR, similar to the corresponding procedure for LTE described in [x1], could additionally be specified. However, this appears less needed with the NG-RAN procedure shown in Figure 9.2.x.1-1. 
NOTE 14:
Since RTT measurements require close time coupling between UE and gNB measurements, a LMF based UL positioning control procedure (instead of steps 4/5) and similar to UTDOA in LTE (see NOTE 13) appears less feasible (e.g., as already known from LTE Tadv Type 1 measurements [x1]).
9.2.x.2
UE Initiated UL/DL Positioning Procedure

Figure 9.2.x.2-1 below proposes the UE-centric UL/DL RTT measurement procedure.
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 Figure 9.2.x.2-1: UE centric UL/DL measurement procedure.

1.
The target device sends a RRC LOCATION MEASUREMENT INDICATION message to the serving gNB to request RTT measurements.
The existing Location Measurement Indication procedure [x7] may be reused for this purpose by adding an additional entry in the LocationMeasurementInfo CHOICE for RTT measurements. 
The UE may start the timer Tpos. The UE stops Tpos when the RRC message at step 5 has been received. When the timer Tpos expires (i.e., no RRC Message at step 5 has been received), the UE assumes the request cannot be granted.

2.
Same as step 3 in Figure 9.2.x.1-1.

3.
Same as step 4 in Figure 9.2.x.1-1.

4. 
Same as step 5 in Figure 9.2.x.1-1.

5.
Same as step 6 in Figure 9.2.x.1-1.

6.
Same as step 7 in Figure 9.2.x.1-1.

7.
Same as step 9 in Figure 9.2.x.1-1.

8.
The serving gNB forwards the UL-PRS measurements to the target device in a RRC LOCATION MEASUREMENT DELIVERY message. 

NOTE 1:
The RRC messages (e.g., steps 5, 8) may just include an OCTET STRING container with parameters defined in LPP [x4] (assuming LPP is continued being used for NR positioning in Rel-16).
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) using the assistance data (gNB location, etc.) provided in step 5 or available from broadcast messages.

Similar to the network centric UL/DL RTT measurement procedure in Figure 9.2.x.1-1, the UE-centric OTDOA or UTDOA positioning can be supported as special cases of the RTT procedure in Figure 9.2.x.2-1:

(a)
OTDOA positioning: Steps 3, 4, 6b, 7, 8, 9 would not be performed.

(b) UTDOA positioning: Steps 2, 6a, 9 would not be performed.

Therefore, a UE-based UTDOA could be supported with this procedure as well, e.g., to allow hybridization of various positioning measurements at the target device.

As an additional option to the procedure in Figure 9.2.x.2-1, a UE centric UL/DL (RTT) measurement procedure could also be supported using the normal MO-LR procedures [x11]. MO-LR for 5GC is not supported in Rel-15, but expected to be supported in Rel‑16 [x12]. Figure 9.2.x.2-2 below shows this variant.
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Figure 9.2.x.2-2: UE centric UL/DL measurement using 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 9.2.x.1-1 are not performed. 
If step 1b is performed, steps 2a and 12b in Figure 9.2.x.1-1 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 9.2.x.2-1 would have reduced latency compared to Figure 9.2.x.2-2, since no core network signalling is required in the procedure in Figure 9.2.x.2-1. Also, the procedure in Figure 9.2.x.2-1 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. 
9.3 
Architecture aspects

10
Conclusions

Editor’s Note: Summary and Conclusions of positioning technology enhancements.
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