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Introduction
According to the WID of NR positioning in [1], NR positioning techniques include DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID. In this contribution, we provide our consideration on UL only positioning method in NR, which including UL-TDOA and UL-AOA.
Discussion
0. UL-TDOA
UL-TDOA based positioning technique estimates UE position based on timing measurement of uplink radio signal taken at different TMF nodes (may be DUs in NR, which is discussing in RAN3), along with the knowledge of the geographical coordinates of the TMF nodes. To do this, UL-TDOA in LTE include two procedures: uplink information request and delivery procedure and uplink positioning information update procedure. 
· Uplink information request and delivery procedure: the uplink Information Request procedure for Uplink positioning is used by the location server to obtain measurement results from the TMF node which it uses to calculate a position for the UE. 


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.
· 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.


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.
In NR, UL-TDOA still need the two procedures above to locate one UE. 
Observation 1: UL-TDOA in NR still need uplink information request and delivery procedure and uplink positioning information update procedure.
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 with the difference 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. 
Observation 2: UL-AoA based positioning technique could reuse the procedure of UL-TDOA just with different measurement request/report IEs.
Based on observation 1 and observation 2, the UL only positioning method in NR should include Uplink Information Request Procedure and Uplink Positioning Information Update Procedure for both UL-TDOA and UL-AoA.
Proposal 1: UL only positioning method in NR should include Uplink Information Request Procedure and Uplink Positioning Information Update Procedure for both UL-TDOA and UL-AoA.
0. Reusing Rel-15 SRS for UL-only positioning
Since RAN1 is discussing new SRS pattern for both UL-only positioning and multi-RTT positioning, this requires new UE capability for Rel-16. However, LTE UTDOA was designed in a way that is totally transparent to Rel-8/9 UEs by reusing the existing SRS configuration, and we hold this backward compatibility as a great merit for network based positioning.
During the study item [TR 38.855], evaluation shows that for typical commercial deployment (UMi and InH), Rel-15 SRS with up to 4 symbols in a slot for an SRS resource without the Rel-16 features can provide reasonably good performance for both FR1 and FR2. By allowing such an operation, Rel-15 UE can benefit from the NR positioning techniques, such as UTDOA and UAoA, which could be a new feature for the UE already in the market.
[bookmark: _GoBack]Proposal xx: From RAN2 point of view, reusing Rel-15 SRS for UL-only positioning should also be supported, without RAN1 specification impact.
· Send an LS to RAN1 and RAN3.
Beam management for uplink positioning
According to the agreement in the RAN1 AH#1901 meeting, both UL beam sweeping at FR2 andUL beam alignment at FR2 through DL reception and beam correspondence are supported. For beam sweeping based SRS design, the current UL positioning procedure (involving UL-TDOA, UL-AoA, uplink part of multi-cell RTT) still could work because beam sweeping based NR SRS configuration has been supported in NR specs and the transmit and reception beam for the UE and the network are transparent. Therefore, no additional procedure in uplink positioning is needed to support beam sweeping based SRS transmission.
Proposal 2: No additional procedure in uplink positioning is needed to support beam sweeping based SRS transmission.
To achieve beam alignment at FR2 through DL reception and beam correspondence, TMF node should be capable of transmitting DL reference signal, with which UE can determine the SRS beam based its receiving DL reference signal beam. Moreover, the DL reference signal transmission of TMF node may be beam sweeping based pattern to ensure UE could receive it at any direction. In LTE, LMU serves the same functionality as TMF node but it doesn’t support transmitting DL reference signal and only passively receive SRS from the UE. In NR, there is no conclusion on which node performs TMF in RAN3. Anyway, to achieve Tx beam alignment at FR2, the TMF node should be capable of transmitting DL reference signal at least.
Proposal 3: To achieve Tx beam alignment at FR2, the TMF node should be capable of transmitting DL reference signal at least.
UL beam management procedure
In order to support UL beam alignment, SRS configuration should support associating SRS beam to DL signal beam of non-serving gNB, but this is not supported in current NR specs. To do this, there must be an association with the reference signal such as SRS, CSI-RS, SSB, or DL-PRS, with which the serving gNB can indicate to the UE what should be the SRS beam for the UE. Hence, it is proposed to support configuring the spatial relationship information for UE’s SRS resource to DL reference signal of neighboring gNBs.
Proposal 4: To achieve beam alignment at FR2 through DL reception and beam correspondence, NR should support configuring the spatial relationship information for UE’s SRS resource to DL reference signal of neighboring gNBs.
For serving gNB, it needs to know spatial relation information of neighboring gNBs’ DL RS for each UE to configure SRS. One possible way is that LMF provides a gNB list in SRS request message to serving gNB, and serving gNB obtain this spatial relation information based on UE reporting RRM measurement result of those gNBs. But serving gNB could not derive the spatial relation information of neighboring gNBs’ PRS because RRM measurement results don’t include PRS measurement results. So, another possible way is that LMF provide spatial relation information of DL RS for SRS in SRS request message directly. In this way, spatial relation information of PRS for SRS could be indicated to serving gNB, which could improve SRS transmission efficiency. As for how LMF obtains this information, LMF has several methods, like based on a coarse UE location estimate and the beam direction provided by each gNB, or E-CID reporting on RRM measurements from either UE or the serving gNB of the UE and QCL information between PRS and RRM-RS (e.g., SSB).
Proposal 5: LMF can provide spatial relation information DL RS for SRS in the SRS request message to the serving gNB.
SRS configuration for power control
In SRS configuration, pathlossReferenceRS that includes a ssb-Index or a csi-RS-Index is optionally configured per SRS-ResourceSet. The UE calculates DL pathloss from the indicated SSB or CSI-RS and uses it to determine the SRS transmit power towards a serving cell. Unlike the currently supported SRS usages in NR specs, a SRS resource for positioning usage may need to be received at a neighbouring gNB. In such a case, the SRS transmit power should be determined based on the pathloss of a DL RS that is transmitted from the said neighbouring gNB. As such, NR should support the configuration of DL pathloss RS of neighbouring gNBs.        
Proposal 6: To determine the required SRS transmit power for neighbouring gNBs, NR should support the configuration of RS of neighbouring gNBs for DL pathloss calculation.
Conclusion
In this contribution, we provided our consideration on uplink only positioning method from RAN2 perspective, and we get the following observation and proposals:
Observation 1: UL-TDOA in NR still need uplink information request and delivery procedure and uplink positioning information update procedure.
Observation 2: UL-AoA based positioning technique could reuse the procedure of UL-TDOA just with different measurement request/report IEs.
Proposal 1: UL only positioning method in NR should include Uplink Information Request Procedure and Uplink Positioning Information Update Procedure for both UL-TDOA and UL-AoA.
Proposal 2: no additional procedure in uplink positioning is needed to support beam sweeping based SRS transmission.
Proposal 3: To achieve Tx beam alignment at FR2, the TMF node should be capable of transmitting DL reference signal at least.
Proposal 4: To achieve beam alignment at FR2 through DL reception and beam correspondence, NR should support configuring the spatial relationship information for UE’s SRS resource to DL reference signal of neighboring gNBs.
Proposal 5: LMF can provide spatial relation information DL RS for SRS in the SRS request message to the serving gNB.
Proposal 6: To determine the required SRS transmit power for neighbouring gNBs, NR should support the configuration of RS of neighbouring gNBs for DL pathloss calculation.
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[bookmark: _Toc494130054]X.Y.Z	Uplink Positioning Procedures
The procedures described in this subclause support the uplink positioning method including UL-TDOA and UL-AoA. 
Note that TMF NODE in this subclause cloud include neighbour gNBs, which depends on the related discussion. 
[bookmark: _Toc494130055]X.Y.Z.1	Uplink Information Request and Delivery Procedure
The Information Request procedure for Uplink positioning is used by the LMF to obtain measurement results from the TMF NODE which it uses to calculate a position for the UE. To do this, it needs to first indicate to the serving gNB the need to configure the UE to transmit SRS signals and retrieve target UE configuration data from the gNB. 
Figure X.Y.Z.1-1 shows the messaging between the LMF, the TMF NODE and the serving gNB to perform this procedure.


Figure X.Y.Z.1-1: Uplink information request procedure
1.	The LMF sends an Information Request message indicating to the gNB the need to invoke periodic 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 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 associate the resources to DL reference signal beam of TMF NODEs. 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 TMF NODEs to be used for the UL-TDOA or UL-AoA positioning and sends a measurement request with the SRS configuration to each one of them.
5.	TMF NODEs report back to LMF the uplink measurement reports.
[bookmark: _Toc494130056]X.Y.Z.2	Uplink Positioning Information Update Procedure
This procedure is used to notify the LMF 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.


Figure X.Y.Z.2-1: Uplink Positioning Information Update Procedure
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.
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