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1   Introduction
During the study phase, the following agreement has been made, according to the latest TR [1]:

· NR should support timing (UL-TDOA) based UL-only positioning techniques in FR1 and FR2
· UL-TDOA with two or more neighboring gNBs/TRPs for NR UL positioning should be supported
· NR should support UL-AoA based positioning techniques in FR1 and FR2
· UL-AoA with one or more neighboring gNBs/TRPs for NR UL positioning should be supported
This paper discusses the uplink positioning solutions.    
2   Discussion

2.1   UL-TDOA
UL-TDOA based positioning technique estimates UE position based on timing measurement of uplink radio signal taken at different TMF nodes, along with the knowledge of the geographical coordinates of the TMF nodes. To do this, UTDOA in LTE include three procedures: uplink information exchange procedure, uplink positioning information update procedure, and measurement procedure. 

· Uplink information exchange procedure: the uplink Information exchange procedure for UTDOA is used by the location server to indicate to the eNB the need to configure the UE to transmit periodic SRS signals and to retrieve the SRS configuration from the eNB. 
· Measurement procedures: the Measurement Procedure is to allow the location server to request the LMU to perform and report UL RTOA measurements for the purpose of UTDOA positioning; Measurement Update Procedure is to notify the LMU of a change in the previously signalled measurement configuration for one or more cells for the UE being positioned; Measurement Abort Procedure is to enable the E-SMLC to abort  an on-going measurement identified by the E-SMLC Measurement ID.
· Uplink positioning information update procedure: uplink Positioning Information Update Procedure is used to notify the location server of a change to the UE SRS transmission configuration for one or more cells with respect to a previously sent UTDOA INFORMATION RESPONSE message. If the configured SRS transmission for the target UE has been modified, or if a handover of the target UE has been triggered, the gNB uses the Uplink Positioning Information Update procedure to inform the LMF.
Thus, the UL-TDOA can have the similar procedures as follows:

[image: image1.emf]LMF Serving gNB TMF node

LMF selects list of TMFs 

performing AoA 

measurement

2. NRPPa: Information response

gNB determines 

UE UL PRS 

resources

3.gNB configures UE with 

SRS resources (RRC)


Figure 1, the UL-TDOA procedure

1.
The LMF sends an Information Request message indicating to the gNB the need to invoke SRS for target UE. The LMF may provide the gNB with a number of SRS transmissions. The final decision of SRS transmissions to be performed and whether to take into account this information is entirely up to the gNB implementation.

2.
The serving gNB determines the resources to be allocated for the UE and sends an Information Response to the LMF that includes the allocated resources and the associated parameters. The gNB may decide (e.g., in case no resources are available) to configure no resources for the UE and report the empty resource configuration to the LMF.

3.
If in step 2 the gNB determines that resources will be allocated, the gNB then allocates the resources to the target UE.

4.
The LMF selects a set of gNBs to be used for the UL-AoA based positioning and sends a measurement request with the SRS configuration to each one of them.

5.
gNBs report back to LMF the uplink measurement reports.
Step 1 and 2 are similar to the “Uplink positioning information procedure” in LTE. Step 4 and 5 are similar to the “Measurement procedure” in LTE. Thus, UL-TODA also needs these two procedures.

Similar to “Uplink positioning information update procedure” in LTE, UL-TDOA also need the following procedure: 
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1.
If the SRS configuration changes or if a handover of the target UE has been triggered prior to the expected completion time of the previously communicated SRS configuration, the gNB initiates the Uplink Positioning Information Update Procedure. In the case of handover, the source gNB sends the update message after deciding to perform handover execution for the UE.

2.
If the UE SRS transmission configuration has changed for one or more cells, the gNB sends an Uplink Positioning Information Update message to the LMF carrying the UE SRS transmission configuration information for all cells with SRS configured.
Proposal 1: UL-TDOA in NR needs the following three procedures: Uplink information exchange procedure; Measurement procedure; uplink positioning information update procedure; measurement update.

2.2   UL-AoA
In the UL-AoA positioning method, the UE position is estimated based on multiple angles of arrival of SRS from UE to gNBs, along with knowledge of the geographical coordinates of the measured gNBs. The UL-AoA positioning method is very similar to UTDOA. The only difference is that gNB measures RTOA in TDOA but gNB measures AoA in UL-AoA based positioning method. Therefore, UL-AoA based positioning technique could reuse the procedure of UL-TDOA just with different measurement request/report IEs. 

Proposal 2: UL-AoA based positioning technique could reuse the procedure of UL-TDOA just with different measurement request/report IEs.

For disaggregated gNB, the RSR resource is determined in gNB-DU and the configuration is also done by the gNB-DU. Thus, during step 1 and 2 in Figure 1, gNB-CU would need to further require SRS information from gNB-DU and trigger the gNB-DU to configure SRS to UE. Also, since TMF will located at gNB-DU, the step 4 and 5 in Figure 1 would need gNB-CU to request measurement from gNB-DU and gNB-DU response with the measurements. Thus, an UL positioning information exchange procedure and a positioning measurement procedure are required over F1AP to support UL positioning. 
Proposal 3: An UL positioning information exchange procedure; a positioning measurement procedure are required over F1AP to support UL positioning.

3   Conclusion
Based on the discussion in this paper, we propose:
Proposal 1: UL-TDOA in NR needs the following three procedures: Uplink information exchange procedure; Measurement procedure; uplink positioning information update procedure.

Proposal 2: UL-AoA based positioning technique could reuse the procedure of UL-TDOA just with different measurement request/report IEs.

Proposal 3: An UL positioning information exchange procedure and an UL positioning measurement procedure are required over F1AP to support UL positioning.
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