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1. Introduction
At RAN1 AH meeting, the following agreements were made regarding UL-only positioning methods: 

Agreement:
1. NR should support timing (UL-TDOA) based UL-only positioning techniques in FR1 and FR2
0. 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
1. 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:
· NR UL SRS is used as a starting point for design and analysis of UL PRS
· Further study if and which enhancements are needed
· FFS: NR UL PRS relationship with UL BWP and component carrier

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

In this paper, we present our views on UL-only RAT-dependent NR positioning techniques. 
2. UE-Based positioning
We would like to highlight a selection of benefits of RAT-dependent UE-based positioning.
· Enables new use cases
· NR is driven by commercial requirements with support for location-hungry applications on the UE
· Mobility use cases include UE tracking, XR, automotive, factory automation, UE navigation, gaming, etc.
· Enables improved performance of existing use cases
· Fusion with other measurement types available on the UE can improve accuracy, availability, responsiveness, integrity and overall reliability of positioning
· Native support for Kalman filtering etc.
· Improved scalability
· Data reduction can be done on the UE, and there’s no inherent computational capacity limit involved with adding more UEs.  The UE-Assisted alternative requires the location management function serving a multitude of users, and the LMF would have an upper capacity limit.
· Low UL overhead
· If the UE is also the consumer of the location information, no UL data is required.  Even if the UE is not the end-user of the location information, the UE location data content is small.  Conversely, the UE-Assisted alternative would require reporting of a multitude of measurement information with significantly larger data volume.
· Low latency
· Position fixes can be produced virtually instantaneously after making the measurements.  A UE-Assisted alternative would experience delay through RAN and CN.
· Very low specifications impact
· Adding new measurement types (say Doppler) can be done without impact to standards documents and protocols.  Furthermore, positioning applications can be more readily tailored to a specific device category or service requirements.
· Parity with RAT-independent UE-Based features
· UE-Based RAT-independent features, like GNSS and Wi-Fi, are in prevalent use on UEs.  UE-based RAT-dependent positioning would enable service differentiation for operators.
[bookmark: _Ref951269][bookmark: _Ref1133493]Observation 1:	RAT-dependent UE-Based positioning has an abundance of beneficial characteristics including but not limited to the following:
· Enables new use cases
· Enables improved performance of existing use cases
· Improved scalability
· Low UL overhead
· Low latency
· Very low specifications impact
· Parity with RAT-independent UE-Based features

[bookmark: _Ref1133511]Observation 2:	RAT-dependent UE-Based positioning was agreed, but not yet implemented for Rel-15 (RP-172313 (RP-78)).
[bookmark: _Ref1133515]Observation 3:	RAT-dependent UE-Based positioning exists for RAT-independent methods.
[bookmark: _Ref951222][bookmark: _Ref1133585]Proposal 1:	Support RAT-dependent UE-Based positioning for NR in Rel-16
3. UL-only Positioning Techniques
2.1 Comparison of UTDOA with multi-RTT technique
One of the UL-only positioning techniques which may be considered in NR is the UTDOA. In this technique, the UE transmits UL PRS (e.g., SRS) on the UL which is intented to be received by serving and/or neighboring cells in order for them to estimate the TOAs and finaly compute the TDOA vector. This technique is supported in LTE but has not been included for positioning in NR Rel-15 [12]. Comparing UTDOA with the muli-RTT method described in [13] and OTDOA described in [11], we want to emphazise the following: 
· UTDOA has similar strict network synchronization requirements with OTDOA (in order of nsec), while multi-RTT only has loose synchronization requirements.
· Both UTDOA and multi-RTT use UL transmissions, and therefore, if there are deployment scenarios in which UL signal is received weaker than the DL signals, the sensitivity limitations introduced by the UL measurement is generally expected to be less for multi-RTT (using 1 UL measurement and 1 DL measurement) compared to UTDOA (using 2 UL measurements). 
· To see this using a toy modelling example, consider the case that the noise in the TOA estimate on DL ( and UL ( can be modelled as indepedent additive white Gausian noise random variables of variance of  and  respectively, equal for all gNBs for simplicity, with . Then, the variance noise of an element of the  UTDOA vector  () vector will be , whereas an element of the RTT vector () will have a variance of 
To validate the above arguments using numerical results, in Figure , we compare OTDOA, UTDOA and multi-RTT for cases of perfect synchronization and realistic synchronization following the RAN1 simulation assumptions agreements for UMI at 4 GHz carrier with 100 MHz BW, and UMI at 30 GHz carrier with 400 MHz BW for outdoor UEs.
[image: C:\Users\amanolak\Desktop\PentNew\DevKeepUpToDate\dev\PhyChannels\sub6\DL\NRS\SupportingFunctions\results_RAN1_AH_JanNew\Final\UMI30GHz400MHzOS2Tx_Final.jpg][image: C:\Users\amanolak\Desktop\PentNew\DevKeepUpToDate\dev\PhyChannels\sub6\DL\NRS\SupportingFunctions\results_RAN1_AH_JanNew\Final\UMI4GHz100MHzOS1_Final.jpg]
Figure : UMI 4 GHz, UMI 30 GHz, CDF of Horizontal Error for OTDOA, UTDOA and multi-RTT with perfect and realistic network synchronization. 
We observe that UTDOA is consistently performing worse than multi-RTT even with perfect synchronization. We also observe that multi-RTT performs better than OTDOA with realistic synchronization for up to 80% percentile for 4 GHz UMI & UMA and up to 95% percentile for 30 GHz UMI. 
UTDOA positioning can in principle be considered as a special case of the multi-RTT method when any downlink measurements are omitted. This is described in greater detail in [14] where positioning procedures for combined UL and DL positioning methods are proposed (for both, UE-assisted and UE-based variants). The only additional specification which may be required for UTDOA are the gNB measurements; e.g., UL-TOA measurement for UTDOA versus Rx-Tx Time Difference for multi-RTT [13].   
[bookmark: _Ref1135121][bookmark: _Hlk534967708]Observation 4:	Both UTDOA & OTDOA require network synchronization, while multi-RTT does not have this requirement. If the network is tightly synchronized, using OTDOA would result in better performance compared to UTDOA, otherwise if the network is only loosely synchronized, using multi-RTT would again result in better performance than UTDOA.
[bookmark: _Ref1135125]Observation 5:	UTDOA positioning can be considered as a special case of multi-RTT positioning.
2.2	UL Angle of Arrival 
Serving and neighbor gNBs can measure AoAs based on UE’s uplink transmissions. This is in principle already supported in LTE, but for the primary cell only [15]. The eNB AoA measurement as defined in TS36.214 can be reported from the eNB to an E-SMLC using LPPa [16]. Possible extensions for NR include allowing AoA measurements for serving and neighbour gNBs, measurements on a per-beam basis, or meaurements for both, azimuth and elevation of arrival to e.g., facilitate vertical positioning.
Similar to UTDOA positioning mentioned in section 2.1 above, UL AoA positioning would not require additional positioning procedures compared to multi-RTT. I.e., if multi-RTT positioning method is supported, UL AoA positioning for multiple cells could also be supported by introducing additional gNB measurements (e.g., an UL AoA measurement for NR). The AoA measurement defined in TS36.214 can be used as a starting point. 
[bookmark: _Ref1135129]Observation 6:	Uplink AoA positioning can be considered inside the procedural framework available for multi-RTT positioning.
4. UL PRS structure
We present some key impact indicators and study their impact on some potential design choice for reference signals.
3.1 Ambiguities and aliases
As noted in [12], and from basic Fourier transform properties, we find that unstaggered comb-N frequency domain signals produce time-domain equivalents with N repetitions.  OFDM communication systems are robust against such ambiguities as long as the delay spread of the channel is less than the ambiguity distance.  However, such ambiguities are detrimental to navigation and positioning systems that depend on measurements of time-of-arrivals, such as UTDOA, because the ambiguities may produce false position fixes.
Figure  illustrates the alias impact on the received Channel Energy Response (CER) from various comb-levels using a simple 3-path model.
[image: ]
[bookmark: _Ref534790398]Figure 2	Channel Energy Responses (CERs) for 15 kHz SCS and various unstaggered comb-options
To avoid alias correlation peaks, the NR positioning signal should utilize all tones in a resource block. This could generally be achieved with a staggered Comb-N structure, where (non-staggered) Comb-1 should also be supported, as for example illustrated in Figure 1.


[bookmark: _Ref534790413]Figure 1 Positioning signal frequency density (Comb-1 contiguous tones (left), and Comb-4 with staggering (right)).
[bookmark: _Ref534790231][bookmark: _Hlk534967824]Proposal 2:	An UL PRS should have a uniform comb density in the frequency domain such that all subcarriers of the occupied bandwidth are occupied. 
Note that staggered signal structures spanning multiple symbols would require coherent combination across the symbols to ensure alias-free CIRs/CERs.  Coherent integration quality would be impacted by UE mobility through Doppler [12].  However, this impact could be alleviated if gNBs have advanced receivers that could estimate and correct Doppler.
Similar considerations for UL PRS structure exist when it comes to impact from ADC resources, number of antennas to sweep, number of symbols per beam, number of available symbols per slot and signal combs as reported in [11].
3.2 SRS Enhancements related to Positioning
A new reference signal for navigation and positioning would have the most flexibility and could be fully optimized for its dedicated purpose.  However, reusing existing NR physical channels and signals could simplify PRS design and implementation. For this reason, it was agreed in previous meeting to have the SRS of NR Rel-15 as the starting point of the PRS design. 
3.3.1 Frequency-domain mapping: Ambiguities and aliases
As it was explained in Section 3.1, it is crucial that a UL PRS signal can be used to sample all the subcarriers in the configured bandwidth to reduce the time-domain ambiguities and aliases. In NR Rel-15, the SRS resource is using comb-2 or comb-4, but it is mapped only to the same subcarrier across consecutive symbols. Therefore, an important enhancement of the NR Rel-15 SRS would be to enable an SRS resource which allows the UE to transmit SRS on all the subcarriers.
[bookmark: _Ref534791983][bookmark: _Hlk534967834][bookmark: _Ref1134962]Proposal 3:	NR Rel-16 should support configuration of SRS resource with repetition across 2(4) symbols with comb-2(4) such that all 2(4) frequency domain offsets are used. 
3.3.2 Time-domain mapping: UL power limitations
It is generally known that UL coverage is one of the biggest problems of UTDOA positioning technique. Especially in scenarios of UMA, it is very difficult to even meet the regulatory requirements as also shown in our Evaluations results. 
[bookmark: _Ref1134966]Proposal 4: NR Rel-16 should support configuration of SRS resource with repetition factor with up to N consecutive symbols, where N is larger than 4. Discuss further the value of N. 
3.3.3 Beam-sweeping considerations
UL PRS may be transmitted through a quasi-omni-directional antenna on the UE side, but a UE could also apply beam-sweeping on narrower beams for increased EIRP.  UL PRS may also be received on a wide beam at a gNB, but a gNB may also use a sweep of more narrow beams for improved received signal quality.  While either UE TX beam sweeps or gNB RX beam sweeps could be performed independently, there could be an option to utilize both features for UEs which do not beam correspondence.  Unlike regular camping operations, such beam-pairing would be done between each UE and a set of gNBs. However, for UEs with beam correspondence, which is already a mandatory UE feature with capability signaling for NR Rel-15, UL beam would be QCLed with a downlink signal, and therefore there will not be a need for any UL Tx beam sweeping for UL PRS.
[bookmark: _Hlk534967829]Proposal 5:	The spatial Relation info of an SRS resource can be a configured to be a DL PRS or SSB from the serving or a neighboring BS.
3.3.4 Other Enhancements: UL power control, UL timing advance, Relation to BWP
An SRS resource is always associated within one (or more) SRS resource sets which have one of the following use-cases: UL codebook-based, UL non-codebook-based, UL beam management, Antenna switching. The first 3 use-cases are used for UL-related purposes (e.g., UL scheduling), and the last one is used for DL CSI acquisition in TDD. Note also that an SRS resource for antenna switching can also be configured to be triggered across carriers using the feature of SRS carrier switching and DCI format 2_3. 
If the above use-cases are configured, the UL power control and the UL timing advance are configured such that the UE communicates with the serving cell and perform the associated functionalities. Changing the TA or the Tx power for the sake of positioning would undermine the main purpose of those SRS resource sets. 
[bookmark: _Ref1134973]Proposal 6:	For an SRS resource set used for the legacy NR Rel-15 use-cases, no change in the UL power control, or UL timing advance should be considered even if these SRS resources are also used for positioning purposes. 
In NR Rel-15, an SRS is always configured within an UL BWP. When an SRS for communication-purposes (legacy NR Rel-15 use-cases) is used also for positioning, the same principle should carry over for NR Rel-16. Note that the gNB can use the UL BWP switching, or UL SRS carrier switching for enabling the UE to sound larger bandwidths on UL. Such procedures are already defined in legacy NR Rel-15 and there would not be any need of additional specification work.
[bookmark: _Ref1134978]Proposal 7:	Carry-over the association of an SRS with an UL BWP from NR Rel-15 to NR Rel-16. Use the legacy features of UL BWP switching and UL SRS carrier switching for transmitting SRS used for positioning in other BWPs or CCs.  
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3.3.5 UL PRS activation/deactivation
With the expected much larger number of UEs compared to the number of gNBs in NR, always-on UL PRS would be challenging from hearability, overhead and power consumption considerations.  Instead, UL PRS could be activated only for UEs that need navigation or positioning and only for times when such is required.  One option to consider would aperiodic operations where each UL PRS occasion would need an explicit grant and the grant would be implicitly revoked thereafter.  A different option would be to grant the UE UL PRS transmission for a pre-determined number of occasions, after which the grant would be implicitly revoked.  Yet another option would be semi-presistent operation where a grant would be given to start UL PRS transmission (activation), and UL PRS transmission would continue until the grant was explicitly revoked (deactivation).  Some of the options may also contain information about the periodicity of UL PRS transmissions.
[bookmark: _Ref1134982][bookmark: _Ref534964676][bookmark: _Hlk534967858]Proposal 8:	The legacy NR Rel-15 time-domain behaviors of SRS resources, i.e., periodic, semi-persistent, aperiodic, SRS can be used as UL PRS. 
5. Conclusion 
In this contribution, we make the following observations:
Observation 1:	RAT-dependent UE-Based positioning has an abundance of beneficial characteristics including but not limited to the following:
· Enables new use cases
· Enables improved performance of existing use cases
· Improved scalability
· Low UL overhead
· Low latency
· Very low specifications impact
· Parity with RAT-independent UE-Based features
Observation 2:	RAT-dependent UE-Based positioning was agreed, but not yet implemented for Rel-15 (RP-172313 (RP-78)).
Observation 3:	RAT-dependent UE-Based positioning exists for RAT-independent methods.
Observation 4:	Both UTDOA & OTDOA require network synchronization, while multi-RTT does not have this requirement. If the network is tightly synchronized, using OTDOA would result in better performance compared to UTDOA, otherwise if the network is only loosely synchronized, using multi-RTT would again result in better performance than UTDOA.
Observation 5:	UTDOA positioning can be considered as a special case of multi-RTT positioning.
Observation 6:	Uplink AoA positioning can be considered inside the procedural framework available for multi-RTT positioning.
In this contribution, we make the following proposals:
Proposal 1:	Support RAT-dependent UE-Based positioning for NR in Rel-16
Proposal 2:	An UL PRS should have a uniform comb density in the frequency domain such that all subcarriers of the occupied bandwidth are occupied.
Proposal 3:	NR Rel-16 should support configuration of SRS resource with repetition across 2(4) symbols with comb-2(4) such that all 2(4) frequency domain offsets are used.
Proposal 4: NR Rel-16 should support configuration of SRS resource with repetition factor with up to N consecutive symbols, where N is larger than 4. Discuss further the value of N.
Proposal 5:	The spatial Relation info of an SRS resource can be a configured to be a DL PRS or SSB from the serving or a neighboring BS.
Proposal 6:	For an SRS resource set used for the legacy NR Rel-15 use-cases, no change in the UL power control, or UL timing advance should be considered even if these SRS resources are also used for positioning purposes.
Proposal 7:	Carry-over the association of an SRS with an UL BWP from NR Rel-15 to NR Rel-16. Use the legacy features of UL BWP switching and UL SRS carrier switching for transmitting SRS used for positioning in other BWPs or CCs.
Proposal 8:	The legacy NR Rel-15 time-domain behaviors of SRS resources, i.e., periodic, semi-persistent, aperiodic, SRS can be used as UL PRS.
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