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The following agreements relevant to UL-based positioning were reached at RAN1 AH 1901 [1]:
	Agreement:
· NR UL SRS is used as a starting point for design and analysis of UL PRS
· Further study if and which enhancements are needed

Agreement:
FFS: At least the following aspects for NR UL PRS design 
· Use of UL beam sweeping at FR2 
· Beam sweeping includes possibility of quasi-omni transmission
· Use of UL beam alignment at FR2 through DL reception and beam correspondence
· UL Power control aspects
· UL timing advance aspects

Agreement:
The following measurements for NR UL PRS at serving and neighbor gNBs should be supported:
UL RTOA measurements
UL Angle Of Arrival (AOA) measurements (including Azimuth and Zenith Angles)
UL RSRP (reference signal received power) measurements
gNB RX-TX time difference measurements

Agreement:
1. NR should support timing (UL-TDOA) based UL-only positioning techniques in FR1 and FR2
2. UL-TDOA with two or more neighboring gNBs/TRPs for NR UL positioning should be supported
1. NR should support UL-AoA based positioning techniques in FR1 and FR2
3. UL-AoA with one or more neighboring gNBs/TRPs for NR UL positioning should be supported
Round-trip time (RTT) with one or more neighboring gNBs/TRPs for NR DL and UL positioning should be supported for FR1 and FR2

Agreement:
Further study whether it is beneficial to support and if so, how to support, NR based positioning for UEs in RRC-IDLE and/or RRC-INACTIVE states




Following the agreements and discussions in RAN1 AH 1901, we provide in this document our views about the remaining issues on UL-based positioning. Our views about issues related to DL-only and UL & DL positioning can be found in our companion contributions [2] and [3].

UL-based measurement definitions
It has been agreed in [1] to support UL RTOA, UL Azimuth Angle of Arrival (AoA), UL Zenith Angle of Arrival (ZoA), as well as UL RSRP measurements at the serving and neighboring gNBs.  UL RTOA, AoA, and ZoA are defined in LTE [4] and need to be properly modified for NR. LTE does not support an UL RSRP measurement and such a measurement should be defined. Before formally proposing our definitions of these measurements, we explain some issues that should be taken into account when defining some of these measurements. 
· AoA and ZoA:
ZoA measurement was agreed to be supported for NR UL-based positioning. No such measurement exists for LTE. On the other hand, the AoA exists for LTE, and is determined at the eNB antenna for “an UL channel”  [4]. However, only a serving LTE eNB or NR gNB may be capable of detecting an UL channel. To be able to measure AoA/ZoA at a neighboring gNB, AoA/ZoA should be measured from the received UL PRS whose configuration is available at the gNB.  Since it is agreed to use SRS as a starting point for design and analysis of UL PRS, we define AoA and ZoA at the gNB antenna for both UL channel and SRS to support such measurements at both the serving and neighboring gNBs. Our definition for AoA is a modification of the AoA definition in LTE [4]. In turn, our definition for ZoA measurement is a straightforward definition based on the Zenith Angle of Arrival description in [5].
· UL RSRP:
Similar to ZoA, UL RSRP measurement was agreed to be supported for NR UL-based positioning but has not been defined in LTE. Since it is also agreed to use SRS as a starting point for design and analysis of UL PRS, we provide our UL RSRP definition for SRS. Note that SRS-RSRP measurement at the UE was defined in Rel. 15 NR specifications but later removed when Flexible Duplex (FD) AI was deprioritized [6].  In the last meeting, an initial definition of SRS-RSRP at the UE side was re-introduced and agreed in Rel. 16 NR Cross-Link Interference (CLI) AI [1]. Unlike SRS-RSRP measurement defined in FD and CLI AIs, SRS-RSRP measurement for positioning purposes is carried out at the network side. However, we believe that the SRS-RSRP measurements at both UE and network sides should follow similar principles. As such, we use the SRS-RSRP measurement definition provided in [6] as the basis for our definition of SRS-RSRP that is carried out at the network side. 
Based on the above discussions we propose the following measurements:
Proposal 1: Adopt the following UL measurement definitions
·  UL RTOA
	Definition
	The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing SRS received at a gNB j relative to the beginning of subframe i of the serving gNB derived in reference to its SFN initialization time. 

The reference point for the UL relative time of arrival shall be the RX antenna connector of the gNB j.



· Azimuth angle of arrival (AoA)
	Definition
	AoA defines the estimated angle of a user with respect to a reference direction. The reference direction for this measurement shall be the geographical North, positive in a counter-clockwise direction.

The AoA is determined at the gNB antenna for an UL channel or SRS corresponding to this UE. 



· Zenith angle of arrival (ZoA)
	Definition
	ZoA defines the estimated angle of a user with respect to a reference direction. The reference direction for this measurement shall be the axis perpendicular to the horizontal plane.

The ZoA is determined at the gNB antenna for an UL channel or SRS corresponding to this UE.



· SRS-RSRP
	Definition
	SRS reference signal received power (SRS-RSRP) is defined as linear average of the power contributions (in [W]) of the resource elements carrying sounding reference signals (SRS).

SRS-RSRP shall be measured over the configured resource elements within the considered measurement frequency bandwidth in the time resources in the configured measurement occasions.

For frequency range 1, the reference point for the SRS-RSRP shall be the Rx antenna connector. For frequency range 2, SRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use, the reported SRS-RSRP value shall not be lower than the corresponding SRS-RSRP of any of the individual receiver branches.



UL-based positioning solutions 
Although supported UL measurements are agreed in RAN1 AH 1901, supported UL-based positioning solutions are not formally agreed yet. Note that RAN2 agreed in [7] that both NRPPa and LPP are reused and extended. Both LPP and NRPPa explicitly refer to a specific positioning solution in transfer of capability, assistance data, and location information. Therefore, RAN1 should agree on the supported positioning solutions and the corresponding positioning measurement for each solution. This lays the foundation for RAN2 and RAN3 to develop the protocol details among LMF, gNBs, and UE. We believe that two UL-based solutions should be supported: 
1) UTDOA wherein the positioning measurement is exclusively UL RTOA.  In UTDOA, UE’s location is determined entirely based on the UL RTOA measurements at the serving and neighboring gNBs and the report of these measurements to LMF.  
2) UL-AoA wherein the positioning measurement is exclusively AoA/ZoA: In UL-AoA, UE’s horizontal/vertical location is determined entirely based on the AoA/ZoA measurements at the serving and neighboring gNBs and the report of these measurements to LMF.
As such, we propose:
Proposal 2: Support an UTDOA positioning solution in FR1 and FR2 that is exclusively based on performing UL RTOA measurements at the serving and neighboring gNBs and their report to LMF.
Proposal 3: Support an UL-AoA positioning solution in FR1 and FR2 that is exclusively based on performing AoA and ZoA measurements at the serving and neighboring gNBs and their report to LMF. 
Note that although, in our view, UL RTOA is the only positioning measurement in UTDOA positioning solution and AoA/ZoA are the only positioning measurements in UL-AoA positioning solution, we do not preclude that gNB can also report an auxiliary measurement to LMF that describes the level of confidence to each of the reported positioning measurements. In particular, least square or the particle swarm optimization (PSO) algorithms in [8] may be used to determine the UE location in UL-AoA solution. In order to improve the positioning accuracy using these algorithms, an auxiliary measurement to describe the quality of each AoA/ZoA measurement should be used. Therefore, we propose
Proposal 4: Define measurements describing the quality of AoA/ZoA measurements. 

SRS configuration aspects 
It was agreed in RAN1 AH 1901 that NR SRS was used as a starting point for design and analysis of UL-based positioning solutions. Therefore, we only need to identify the required enhancements on NR SRS for the positioning usage. This section provides our views on these enhancements. 
“Positioning” usage for NR SRS
In NR, SRS resources are grouped into SRS resource sets. Four different usages are introduced for SRS resource sets [9], [10]: “BeamManagement” to train and determine the UL transmission beam, “codebook” and “noncodebook” to respectively determine appropriate codebook-based and noncodebook-based UL precoders and “antennaSwitching” for the purpose of DL CSI acquisition. Note that some UE procedures and SRS configurations are different for different usages [9]. When developing NR SRS, the positioning usage was not considered and the required UE behaviors and procedures and detailed SRS configurations were not studied. The configurations pertaining to the current four NR SRS usages as well as the UE behavior and procedures are not necessarily suitable for the purpose of UL-based positioning. Some aspects of such configurations and behaviors are discussed in the following two subsections. Thus, SRS configuration and UE procedure and behavior for the purpose of positioning should be independently studied in Rel. 16 positioning AI and be defined in 3GPP specifications as the configurations, behaviors, and procedures pertaining to SRS “positioning” usage. To summarize, we propose the following:
 Proposal 5: Define a “positioning” usage for NR SRS. 
SRS beam alignment 
In NR, the UE may need to use a directional spatial domain transmission filter to beamform the UL RS or UL channel towards the intended destination. To facilitate a correct NR SRS transmit beamforming, a reference signal for SRS spatial domain transmission filter is introduced in NR specifications [9]-[10]. In particular, the higher layer parameter spatialRelationInfo is introduced in the configuration of each SRS resource that contains the ID of a reference SSB, or the ID of a reference CSI-RS, or the ID of a reference SRS along with the ID of its corresponding UL BWP [10]. If the UE is configured with the spatialRelationInfo containing the ID of a reference SSB, the UE transmits the target SRS resource with the same spatial domain transmission filter used for the reception of the reference SSB. If the higher layer parameter spatialRelationInfo contains the ID of a reference CSI-RS, the UE transmits the target SRS resource with the same spatial domain transmission filter used for the reception of the reference CSI-RS. If the higher layer parameter spatialRelationInfo contains the ID of a reference SRS, the UE transmits the target SRS resource with the same spatial domain transmission filter used for the transmission of the reference SRS [9]. Note that since the intended receiver in all current NR SRS usages is a serving gNB, the reference SSB or CSI-RS for SRS spatial domain transmission filter is configured and transmitted from a serving cell and, as such, UE requires only the ID of such SSB or CSI-RS to detect it.   
However, unlike the current NR SRS usages, SRS for positioning needs to be received by neighboring gNBs. In general, to determine an appropriate SRS spatial domain transmission filter and perform UL-DL beam alignment, the UE should receive the reference signal for SRS spatial domain transmission filter from the same direction as that of the SRS intended destination. Thus, the UE should be configured to receive reference signal for SRS spatial domain transmission filter sent from non-serving (neighboring) gNBs.
Proposal 6: For the positioning usage, support UL-DL beam alignment by extending the existing UE configuration to receive reference signal for SRS spatial domain transmission filter sent from neighboring gNBs. 
SRS power control 
As described in [11], the UE obtains a downlink pathloss estimate and uses it to calculate the NR SRS transmission power. The UE estimates the downlink pathloss from a configured higher link SRS resource set-specific parameter pathlossReferenceRS which contains either the ID of a pathloss reference SSB or the ID of a pathloss reference CSI-RS [10]. Similar to the discussion in Section 4.2, as the intended receiver in all current NR SRS usages is a serving cell, the pathloss reference SSB or pathloss reference CSI-RS is configured and transmitted from the serving cell and, therefore, the UE requires only the ID of such SSB or CSI-RS to detect it. As the serving gNB is likely to be closer to the UE than a neighboring gNBs, if the downlink pathloss estimate is used to transmit the positioning SRS meant to be measured at a neighboring gNB, the SRS received power may be too small to be detectable at the intended destination. A simple solution to this problem is to transmit such SRS resource sets with the maximum allowed power. However, such a solution results in both UE power overconsumption and an elevated UL inter-cell interference. A more efficient solution to this problem is to support a UE configuration to receive pathloss reference signals from neighboring gNBs. The pathloss estimate based on such a pathloss reference signal can then be used to transmit SRS with an appropriate power towards the intended destination. Note that, in principle, the same SSB or CSI-RS reference signal configured for the SRS spatial domain transmission filter could also be used as the SRS pathloss reference signal. 
Proposal 7: For the positioning usage, support configuring UE to receive SRS pathloss reference signal sent from neighboring gNBs.
SRS bandwidth in relation to configured UL BWPs
The NR UE is configured with up to 4 UL BWP per serving cell from which only one at a time is the active UL BWP. Each configured UL BWP can contain a SRS-Config IE that configures one or multiple SRS resource sets. Each SRS resource set is comprised of one or multiple SRS resources. The UE can only transmit SRS resources that are configured in the active UL BWP. In RAN1 AH 1901, the following two aspects of the SRS for positioning BW in relation to UL BWP were discussed:
Q1) Should SRS for positioning be configured per UL BWP?
Q2) If the answer to Q1 is “Yes”, should SRS for positioning be transmitted only in the Active UL BWP? 
We believe that the current NR SRS configuration and transmission with respect to UL BWPs should be carried over to SRS configuration and transmission for positioning and, hence, the answer to both Q1 and Q2 should be “Yes.” Any modification in the current relation between SRS BW and UL BWPs requires a substantial specification work with an unclear potential advantage. We believe that the only perceived drawback of using current SRS configuration with respect to UL BWPs is that the active UL BWP, and, hence, the transmitted SRS resources may dynamically change and it may not be possible to inform the neighboring gNBs of such a change. Solutions to this potential drawback can be explored and discussed. Therefore, we propose the following:
Proposal 8: SRS for positioning is configured per UL BWP and is transmitted in active UL BWP without any specification impact. 
SRS Time-Advance
Positioning SRS needs to be measured at a non-serving gNB whose distance from the UE may considerably be larger than the distance between the serving gNB and the UE. Therefore, if the same TA that is used for the UE’s UL channel transmission is also used to transmit SRS to such neighboring gNB, SRS may be received at the neighboring gNB with a delay larger than the CP; interfering with the UL transmission of the UEs that are served by the said neighboring gNB. This problem is exacerbated when a larger subcarrier spacing and, hence, a smaller CP is used, or when the serving gNB and the neighboring gNB are not perfectly synchronized. As such, the transmission of positioning SRS with a gNB-specific TA should be supported. 
Proposal 9: Support the transmission of positioning SRS with gNB-specific TA. 

 Other aspects
UE-based positioning
For UE-based positioning, the UE uses the positioning measurements to obtain its own location. It was proposed to support UE-based positioning in RAN1 AH 1901 to reduce the positioning procedure latency. However, at least for UL-based solutions, UE-based positioning does not result in a reduced latency as the positioning measurements at gNBs need to be sent back to the UE along with some assistance data such as gNBs’ locations.  As such, we do not see the possible advantage of the UE-based UL-based positioning solutions would justify the standardization effort. 
Proposal 10: NR does not support UE-based UL-based positioning solutions.
Positioning in IDLE/INACTIVE state
Tracking UE’s location in RRC_IDLE or RRC_INACTIVE state has multiple benefits including facilitating a reduced reconnection time and providing location-dependent services in those states. However, UL-based positioning requires the transmission of UL RS which is not supported yet in RRC_IDLE/RRC_INACTIVE states. Standardization effort to provide support for UL RS transmission in RRC_IDLE/RRC_INACTIVE states is considerable and we believe that it is not pragmatic to commit to provide such a support in the Rel. 16 Positioning Work Item. As such, we propose the following:
Proposal 11: Consider positioning in RRC_IDLE and RRC_INACTIVE states in a later release. 
[bookmark: _Ref533774706][bookmark: _Ref129681832]Support of NR LMU for UL-based positioning
To counter the limited coverage effect of SRS, LTE UTDOA uses positioning-dedicated LMUs that may not be collocated with eNBs. NR LMU positioning terminals were discussed in RAN1 AH 1901 but some companies argued that RAN2 and SA2 should study such possible support. Assuming that NR LMU is supported, NR LMUs should support all agreed UL measurements for UL-based positioning solutions and definitions of such measurements in RAN1 specifications should reflect the NR LMU measurement support. 
Proposal 12: If NR LMUs for UL-based positioning are supported, they should support UL-RTOA, Azimuth Angle of Arrival (AoA), Zenith Angle of Arrival (ZoA), and SRS-RSRP measurement.

Conclusion
Proposal 1: Adopt the following UL measurement definitions
·  UL RTOA
	Definition
	The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing SRS received at a gNB j relative to the beginning of subframe i of the serving gNB derived in reference to its SFN initialization time. 

The reference point for the UL relative time of arrival shall be the RX antenna connector of the gNB j.



· Azimuth angle of arrival (AoA)
	Definition
	AoA defines the estimated angle of a user with respect to a reference direction. The reference direction for this measurement shall be the geographical North, positive in a counter-clockwise direction.

The AoA is determined at the gNB antenna for an UL channel or SRS corresponding to this UE. 



· Zenith angle of arrival (ZoA)
	Definition
	ZoA defines the estimated angle of a user with respect to a reference direction. The reference direction for this measurement shall be the axis perpendicular to the horizontal plane.

The ZoA is determined at the gNB antenna for an UL channel or SRS corresponding to this UE.



· SRS-RSRP
	Definition
	SRS reference signal received power (SRS-RSRP) is defined as linear average of the power contributions (in [W]) of the resource elements carrying sounding reference signals (SRS).

SRS-RSRP shall be measured over the configured resource elements within the considered measurement frequency bandwidth in the time resources in the configured measurement occasions.

For frequency range 1, the reference point for the SRS-RSRP shall be the Rx antenna connector. For frequency range 2, SRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use, the reported SRS-RSRP value shall not be lower than the corresponding SRS-RSRP of any of the individual receiver branches.


	
Proposal 2: Support an UTDOA positioning solution in FR1 and FR2 that is exclusively based on performing UL RTOA measurements at the serving and neighboring gNBs and their report to LMF.
Proposal 3: Support an UL-AoA positioning solution in FR1 and FR2 that is exclusively based on performing AoA and ZoA measurements at the serving and neighboring gNBs and their report to LMF. 
Proposal 4: Define measurements describing the quality of AoA/ZoA measurements. 
[bookmark: _GoBack]Proposal 5: Define a “positioning” usage for NR SRS. 
Proposal 6: For the positioning usage, support UL-DL beam alignment by extending the existing UE configuration to receive reference signal for SRS spatial domain transmission filter sent from neighboring gNBs. 
Proposal 7: For the positioning usage, support configuring UE to receive SRS pathloss reference signal sent from neighboring gNBs.
Proposal 8: SRS for positioning is configured per UL BWP and is transmitted in active UL BWP without any specification impact. 
Proposal 9: Support the transmission of positioning SRS with gNB-specific TA. 
Proposal 10: NR does not support UE-based UL-based positioning solutions.
Proposal 11: Consider positioning in RRC_IDLE and RRC_INACTIVE states in a later release. 
Proposal 12: If NR LMUs for UL-based positioning are supported, they should support UL-RTOA, Azimuth Angle of Arrival (AoA), Zenith Angle of Arrival (ZoA), and SRS-RSRP measurement.
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