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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1#95 [1], the following candidate techniques were agreed for study of uplink positioning. 
	Agreement:
The following candidate techniques are considered for study of UL positioning:
· Timing based techniques 
· Timing of arrival path(s)
· Angle-based techniques
· Uplink angle(s) of departure 
· Uplink angle(s) of arrival 
· Carrier-phase based techniques
· Note: feasibility needs to be further assessed
· Received reference signal power based techniques



Meanwhile, the following reference signal were identified for study to support uplink positioning.
	Agreement:
The following candidate reference signals were identified for UL positioning evaluation and are to be further studied
· NR PRACH
· NR SRS
· NR UL DMRS
· NR UL PTRS
· New UL positioning reference signals (UL PRS)



[bookmark: _Ref129681832]UTDOA 
General principle of UTDOA
Uplink Time Difference of Arrival (UTDOA) is an UL-based positioning solution that has already been supported in LTE [2]-[4]. For LTE UTDOA, each requested location measurement unit (LMU) measures the UL Relative Time of Arrival (UL-RTOA) that is defined as the beginning of the subframe containing the received SRS relative to a configured time reference [5]. The LMUs then send the measured UL-RTOAs to Evolved Serving Mobile Location Centre (E-SMLC) for the UE positioning calculation. E-SMLC uses the reported UL-RTOAs to calculate TDoA between each pair of the reporting LMUs. As the locations of LMUs are known at the E-SMLC and the TDoA value is proportional to the difference between the distance of the UE and the corresponding LMU pair, each TDoA locates the UE on a hyperbola. At least D=2 TDoA values using D+1=3 LMUs with distinct locations are required to estimate the position of the UE as the intersection of two hyperbolae on a two-dimensional plane. Similarly, to locate the UE on a 3-dimensional space, i.e., carrying out both horizontal and vertical positioning, at least 4 LMUs are required. In practice, however, an increased number of measuring LMUs would increase the accuracy of the UTDOA positioning estimation. When more LMUs are involved in UE location estimation, the 2WLS algorithm [6], Taylor expansion [7], or particle swarm optimization (PSO) [8] can be used.  Additional details on UTDOA can be found in our contribution to RAN1#94b in [9]. 
NR should support UTDOA due to at least the following four reasons:
· Limited UE capability impact: As the required measurement is performed at the network side using the existing UL RS, UTDOA support entails a very limited UE capability impact since all the UE has to do is to send an SRS-like RS. 
· Limited signaling overhead: Another salient feature of UTDOA is its limited signaling overhead compared to its DL-based counterpart Observed Time Difference Of Arrival (OTDOA) which, at least in its LTE implementation, requires broadcasting positioning RS in dedicated subframes. 
· Limited NR standard effort for all WGs: As UTDOA is already supported in LTE, its NR support requires limited standard effort.   
· Performance that meets the NR requirements:  In our companion t-doc [10], simulation evaluation results show that UTDOA can meet the NR requirements for both the regulatory case and the commercial use cases, at least for the case with no synchronization error. 
As such, we propose to support UTDOA.
Proposal 1: Support UTDOA.
Measurements to support UTDOA
Similar to LTE UTDOA, NR UTDOA only requires measuring UL-RTOAs at the designated measurement units and reporting them to a positioning estimation entity such as the NR location management function (NR LMF) for the final UE positioning. LTE UL-RTOA is defined in [5] and should be updated to be compatible with the NR terminology. We have provided such an update in the following proposal.
Proposal 2: Support the measurement of UL relative time of arrival (UL-RTOA) as follows:
	Definition
	The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing SRS received in NR LMU j, relative to the beginning of subframe i derived in reference to the SFN initialization time. The reference point for the UL relative time of arrival shall be the RX antenna connector of the NR LMU node when NR LMU has a separate RX antenna or shares RX antenna with gNB and the gNB antenna connector when NR LMU is integrated in gNB. 




[bookmark: _Ref533779864]Uplink AOA/ZOA 
General principle of UAOA/UZOA
UL Azimuth Angle Of Arrival (UAOA) estimation is supported in LTE as a measurement used in   Enhanced Cell-ID (E-CID) positioning solution [3]. However, if at least two distinctly located measurement units measure UAOAs from an UL signal or channel, and report them to the NR LMF, the horizontal location of the UE can be estimated by intersecting the reported UAOAs without any need for an additional measurement type. An increased number of UAOA reports from multiple distinct measurement units would increase the accuracy of the UAOA positioning estimation. Similarly, UL Zenith Angle Of Arrival (UZOA) measurements reported to the NR LMF can be used to estimate the vertical position of the UE. Note that UAOA/UZOA measurement method is similar to the angle estimation in E-CID performed by the gNB. Specifically, the DFT beam method [9], the MUSIC method [9], or the SRS-RSRP fingerprint matching can be adopted to estimate UAOA/UZOA. 
The same four reasons brought in the last section to justify the support for NR UTDOA also hold true for NR UAOA/UZOA. Therefore, we propose to support these technique.
Proposal 3: Support UAOA positioning solution and UZOA positioning solution in NR.
Measurements to support UAOA/UZOA
For LTE, the serving eNB is the only network entity that supports UL AOA measurement from an UL channel as a part of E-CID measurements [3].  However, as previously discussed, in order to support UAOA positioning solution, UL AOA should be measured by at least two measurement nodes in different locations. One straightforward approach to meet this requirement is to extend the UL AOA measurement support to NR LMUs. LMUs are already an essential part of LTE UTDOA positioning solution that measure UL-RTOA from SRS. With a limited standard effort, NR LMUs can also be used to measure UL AOA. Note that, unlike gNBs, NR LMUs have no knowledge of UL channels in general and can only make the required UL AOA measurements from a configured UL RS such as SRS. 
Similar to UAOA horizontal positioning solution, UZOA vertical positioning solution needs more than one UL ZOA measurements in general. Such ZOA measurements can be provided by gNB or NR LMUs. Further discussions on the need for NR LMU and its supported measurements are provided in Section 5. 
Proposal 4: Support measurement of UL Azimuth Angle Of Arrival (AOA) and UL Zenith Angle Of Arrival (ZOA) as follows:
· 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 corresponding to this UE or at the NR LMU antenna for an SRS corresponding to this UE. 



· [bookmark: _GoBack]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 corresponding to this UE or at the LMU antenna for an SRS corresponding to this UE.



Reference signal for UL-based positioning 
In RAN1 #95, multiple NR UL RSs are identified as candidate reference signals for UL positioning evaluations. Note that LTE SRS is already used for UL-RTOA measurement in LTE UTDOA.  Compared with the LTE SRS, substantial flexibilities were introduced in NR SRS sequence design and resource mapping. A SRS resource can be mapped to 1, 2, or 4 consecutive OFDM symbols in a slot and can have a bandwidth of up to 272 RBs. NR SRS supports periodic, semi-persistent, and aperiodic configurations where the periodicity of periodic and semi-persistent SRS covers a range of values from 1 slot to 2560 slots. Moreover, similar to LTE, both sequence hopping and frequency hopping with a nested structure are supported. We believe that NR SRS sequence design and resource mapping is flexible enough to be used as a baseline for the purpose of measurements used in UL-based NR positioning techniques. 
Proposal 5: NR SRS is used for UL-based NR positioning solutions.
In NR, SRS resources are grouped into SRS resource sets. Four different usages are introduced for SRS resource sets [12]-[13]: “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 [12]. 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 Section 6. 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
Proposal 6: Define a “positioning” usage for NR SRS. 

[bookmark: _Ref533774706]Support of NR LMU for UL-based positioning
One common challenge in UL-based positioning solutions is the uplink coverage: The UE with a limited power budget is required to transmit the UL RS that can be received at multiple designated receiving points. In NR positioning, these designated receiving points may be, for instance, TRPs that are not collocated with the serving cell and potentially experience unfavorable channel conditions towards the UE or neighboring cells/gNBs whose relative distance to the UE is typically larger than that of the serving cell/gNB.
One approach to reduce the effect of the limited uplink coverage issue is SRS repetition/frequency hopping and receiver accumulation across periodic occasions. Note that SRS repetition and receiver accumulation across periodic occasions can be easily supported in NR positioning solutions considering the quite relaxed end-to-end latency requirement of 1s for the commercial use cases and supported NR SRS periodicities as small as 1 slot (1 ms for 15 kHz subcarrier spacing). 
Another approach is to use dedicated positioning measurement terminals that may not be collocated with the network TRPs. Such an approach is used in LTE where the LMU is introduced to measure UL-RTOA from the received SRS. Three different LMU classes are supported in LTE [14]: 
· LMU class 1: LMU integrated into base station
· LMU class 2: LMU co-sited with base station and sharing antenna with the base station
· LMU class 3: standalone LMU with own receive antenna
The SLm interface is specified in [11] for transferring SRS configuration and measurement results between E-SMLC and LMU. We believe that the deployment of an LMU-like element, namely, NR LMU, would also be an effective solution to the UL coverage issue in NR UL-based positioning solutions. In parallel to LTE LMU classes, NR LMU may be deployed in three different classes: integrated with gNB, co-sited with gNB and share antennas with gNB, or standalone with its own antennas. Note that the support of NR LMU for UL-based positioning may entail some limited RAN1 standardization efforts to define UE behavior. This is further discussed in Section 6.
Proposal 7: Support NR LMU for UL-based positioning with the following three classes: 
· Integrated with gNB
· Co-sited with gNB and share antennas with gNB 
· Standalone with its own antennas
As discussed in Section 3, NR LMU may support not only UL-RTOA measurement but also the angle-based measurements UL AOA and UL ZOA. 
Proposal 8: NR LMU supports the measurement of UL-RTOA, UL Azimuth Angle Of Arrival (AOA) and UL Zenith Angle Of Arrival (ZOA).

[bookmark: _Ref533774504]UE behavior for UL-based positioning
[bookmark: _Ref533786906]Determination of SRS spatial domain transmission filter
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. In order to facilitate SRS transmit beamforming, a procedure was introduced in the NR specifications [12]-[13]. The higher layer parameter spatialRelationInfo is introduced in the configuration of each SRS resource and 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 [13]. 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. Similarly, 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 [12]. 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 the serving cell and, as such, the UE requires only the ID of such SSB or CSI-RS to detect it.   
The issue with this procedure is that it works only for the serving cell. However, the SRS for positioning needs to be received by network nodes other than a serving cell, namely, non-serving cells/gNBs and/or NR LMUs. In general, to determine an appropriate SRS spatial domain transmission filter, the UE should receive a DL 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 DL reference signal for SRS spatial domain transmission filter sent from non-serving cells and/or NR LMUs.
Proposal 9: For the positioning usage, support extending the existing UE configuration to receive reference signal for SRS spatial domain transmission filter sent from non-serving cells and/or NR LMUs. 
Determination of SRS transmission power
As described in [15], 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 that contains either the ID of a pathloss reference SSB or the ID of a pathloss reference CSI-RS [13]. Similar to the discussion in Section 6.1, 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, UE requires only the ID of such SSB or CSI-RS to detect it. As the serving cell is likely to be closer to the UE than a non-serving cell, if the above downlink pathloss estimate is used to transmit positioning SRS that is meant to be measured at a non-serving cell/gNB or a NR LMU, the SRS received power may be too small to be detectable at the intended destination. A simple solution to this problem is to transmit the SRS at maximum power. However, such a solution results in increased UL inter-cell interference as well as having the UE consuming more power than needed. A more efficient solution to this problem is to support a UE configuration to receive pathloss reference signals from other intended receivers, namely, non-serving cells and/or NR LMUs. 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 may also be used as the SRS pathloss reference signal. 
Proposal 10: For the positioning usage, support configuring UE to receive SRS pathloss reference signal sent from non-serving cells and/or NR LMUs.

Conclusion
Proposal 1: Support UTDOA.
Proposal 2: Support the measurement of UL relative time of arrival (UL-RTOA) as follows:
	Definition
	The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing SRS received in NR LMU j, relative to the beginning of subframe i derived in reference to the SFN initialization time. The reference point for the UL relative time of arrival shall be the RX antenna connector of the NR LMU node when NR LMU has a separate RX antenna or shares RX antenna with gNB and the gNB antenna connector when NR LMU is integrated in gNB. 



Proposal 3: Support UAOA positioning solution and UZOA positioning solution in NR.
Proposal 4: Support measurement of UL Azimuth Angle Of Arrival (AOA) and UL Zenith Angle Of Arrival (ZOA) as follows:
· 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 corresponding to this UE or at the NR LMU antenna for an 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 corresponding to this UE or at the LMU antenna for an SRS corresponding to this UE.



Proposal 5: NR SRS is used for UL-based NR positioning solutions.
Proposal 6: Define a “positioning” usage for NR SRS. 
Proposal 7: Support NR LMU for UL-based positioning with the following three classes: 
· Integrated with gNB
· Co-sited with gNB and share antennas with gNB 
· Standalone with its own antennas
Proposal 8: NR LMU supports the measurement of UL-RTOA, UL Azimuth Angle Of Arrival (AOA) and UL Zenith Angle Of Arrival (ZOA).
Proposal 9: For the positioning usage, support extending the existing UE configuration to receive reference signal for SRS spatial domain transmission filter sent from non-serving cells and/or NR LMUs. 
Proposal 10: For the positioning usage, support configuring UE to receive SRS pathloss reference signal sent from non-serving cells and/or NR LMUs.
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