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1. Introduction
At RAN#80 the study item on NR positioning – "Study on NR Positioning Support" – was approved [1], and revised at RAN#81 [2]. The objectives of this SI include (among others) the following:
	Study and evaluate potential solutions of positioning technologies based on the above identified requirements, evaluation scenarios/methodologies [RAN1]
-	The solutions should include at least NR-based RAT dependent positioning to operate in both FR1 and FR2 whereas other positioning technologies are not precluded.
-	Minimum bandwidth target (e.g. 5MHz) of NR with scalability is supported towards general extension for any applications.

At RAN1#94bis, progress was made on identifying evaluation scenarios and performance target requirements for NR positioning study [3]. Regarding possible positioning methods to be studied, the following were agreed:

Agreements at RAN1#94bis
· Physical layer latency, UE power consumption, scalability/capacity, network deployment complexity, availability, UE and gNB complexity can be considered as important design factors for NR positioning solutions and can be evaluated analytically for proposed solutions
· The RAT dependent solutions considered for study include
· Downlink based solutions
· Downlink and uplink based solutions
· Uplink based solutions

At RAN1#95 [4], the following categorization was agreed in order to proceed with the study of the UL-only potential NR positioning techniques: 
Agreements at RAN1#95
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

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)

In this paper, we present our views on UL-only RAT-dependent NR positioning techniques. 


2. 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 such 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, then, since multi-RTT includes also measurements from the DL, the sensitivity to the noise introduced by the UL measurement is generally expected to be less compared to UTDOA. 
· 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 1, we compare OTDOA, UTDOA and multi-RTT for cases of perfect synchronization and realistic synchronization following the RAN1 simulation assumptions agreements (please find detailed results in [14]) for UMA and UMI at 4 GHz carrier with 100 MHz BW, and UMI at 30 GHz carrier with 400 MHz BW for outdoor UEs.
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Figure 1: UMI 4 GHz, UMI 30 GHz, UMA 4 GH 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: _Hlk534967708]Observation 1: 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 2: 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. 
Observation 3: Uplink AoA positioning can be considered inside the procedural framework available for multi-RTT positioning.
3. 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 2 illustrates the alias impact on the received Channel Energy Response (CER) from various comb-levels using a simple 3-path model.
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[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 2.


[bookmark: _Ref534790413]Figure 2 Positioning signal frequency density (Comb-1 contiguous tones (left), and Comb-4 with staggering (right)).
[bookmark: _Ref534790231][bookmark: _Hlk534967824]Proposal 1	A reference signal for navigation and positioning use 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.
3.2 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: _Ref534903124][bookmark: _Hlk534967829]Proposal 2	Discuss further the relation between UE beam-correspondence on UL PRS beam-sweeping procedures.
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].
3.3 Navigation reference signal candidates
We will consider two candidate signal structure groups and evaluate those towards the various impact indicators.
3.3.1 Comb-1 signals
Common for all comb-1 signal structures is that they have no frequency holes and provide an alias-free and ambiguity-free time domain channel impulse response.  These signals are also inherently robust against Doppler impact because no coherent combination is required across time.  Furthermore, of all comb options, comb-1 enables use of the largest number of Tx beams per unit time and affords the shortest dwell duration for any single cell observation.  The latter could lead to minimization of UE power consumption, while the former could be used to minimize total position fix duration (refer to [4] for position error impact from UE motion) while simultaneously providing improved received signal power and rejection of neighbor UE interference.  The TDM nature of this signal structure makes it flexible if co-existence with other signals and channels is required.  Comb-1 also produces the lowest requirement for Tx beam-forming resources (i.e. #ADCs) for a fixed number of beams in a sweep, or conversely allows the fastest beam-sweeps for a fixed number of Tx beam-forming resources.  Comb-1 doesn’t allow any power boost (EPRE).  Finally, the computational complexity for processing is minimized because signal extraction is naturally aligned with symbols and no combination across symbols are required.
3.3.2 Comb-N signals with staggering
Possible RB-aligned comb-N options include {2,3,4,6,12}, and ambiguity-free signal configurations would require signal durations of {2,3,4,6,12} respectively.  The available power-boost (EPRE) would also correspond to the comb-level, but the increased signal durations would lead to increases in beam-sweep durations for a fixed number of beams compared to comb-1 signals.  There would also be a further increase in the beam sweep duration assuming fixed Tx beam-forming resources because more UEs would be transmitting during each symbol duration.
With coherent combination across symbols, comb-N signals would be impacted by Doppler.  Longer sweep durations would also increase the magnitude of errors from UE motion and clock drift.  Furthermore, increased sweep durations would lead to increased duty factor and overhead.  Alternatively, for a fixed duty factor, the signal periodicity would be increased, and this would in turn lengthen TTFF and TTF.
Co-existence with other signals could also be problematic due to the number of symbols required to fill all sub-carriers may not be divisible by the number of available symbols in a slot (e.g. 11 symbols/slot).  This could lead to reduced utilization and increased sweep duration with further impact from UE motion and clock drift, or it could lead to increased receiver complexity for handling special cases and sub-optimal performance due to alias and ambiguities.
[bookmark: _Ref534791983][bookmark: _Hlk534967834]Proposal 3	Study comb-1, comb-2 and comb-4 options further. For comb-2 and comb-4 staggering is supported.
3.3.3 Reference signal considerations
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. Some of the requirements identified above are already fulfilled by some existing NR channels. SRS supports comb-2 and comb-4; we could additionally define a comb-1 pattern, and staggering configurations for comb-2 and comb-4 patterns.
[bookmark: _Ref534881403][bookmark: _Hlk534967837]Proposal 4    Consider using existing NR Rel-15 SRS as the starting point for UL PRS design. 
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Hearability considerations & UL PRS design
We’d expect UL hearability to be even more challenging than DL hearability because the number of UEs would significantly outstrip the number of gNBs producing additional near-far issues.
In LTE positioning subframes have been designed as "low-interference subframes", that is, without transmission on data channels.
[bookmark: _Ref534641149][bookmark: _Ref534903133][bookmark: _Hlk534967841]Proposal 5: Carry-on the concept of low-interference positioning occasions in NR, and discuss further details of frequency and time granularity
SRS has hopping mode to alleviate UE collisions, and this technique could be used to alleviate near-far issues as well.
[bookmark: _Ref534377027][bookmark: _Hlk534967844]Proposal 6:    Support enhanced orthogonality across positioning reference: UL PRS muting, symbol-hopping, beam-hopping.
With LTE DL PRS muting, the muting patterns are fixed and repeating.  This means that, despite the use of muting, if two cells are colliding in one location, they will always remain colliding in that location.  From a deployment perspective, the recommendations for such would greatly simplify if the signal structure guaranteed that all UEs be orthogonal to all other UEs at all points in their coverage area at some point in time.
[bookmark: _Ref534727714][bookmark: _Hlk534967848]Proposal 7:	Further study enhancements that guarantee UL PRS orthogonality among all UEs for all locations at some point in time
Duty factor
For LTE OTDOA, typical deployment of PRS may use occasion length of 1 sub-frame and a repetition period of 160 ms (N_PRS = 1, T_PRS = 160).  The duty factor of this scheme is 100%*1ms/160ms = 0.625%.  Some sub-10 MHz deployment may utilize N_PRS = 2, with a througput impact of 1.25%.  Note that there is a reduction in available DL throughput corresponding to the duty factor of PRS. Also note that if RS that are already being transmitted for other purposes (eg, SRS) are allowed to be re-used as PRS, then they should not be included as additional PRS overhead.
[bookmark: _Ref528764256][bookmark: _Hlk534967853]Proposal 8:	There should be a deployment option that supports UL PRS duty factor <= 1%
[bookmark: _Ref534904544][bookmark: _Ref528764261]Proposal 9:	There should be a deployment option that supports increased duty factor.
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: _Ref528764288][bookmark: _Ref534964676][bookmark: _Hlk534967858]Proposal 10:	Study activation/deactivation strategies for UL PRS.
4. Conclusion 

In this contribution, we make the following observations:
Observation 1: 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 2: UTDOA positioning can be considered as a special case of multi-RTT positioning.
[bookmark: _Hlk534994257]Observation 3: 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	A reference signal for navigation and positioning use should have a uniform comb density in the frequency domain such that all subcarriers of the occupied bandwidth are occupied. 
Proposal 2	Discuss further the relation between UE beam-correspondence on UL PRS beam-sweeping procedures.
Proposal 3	Study comb-1, comb-2 and comb-4 options further. For comb-2 and comb-4 staggering is supported.
Proposal 4    Consider using existing NR Rel-15 SRS as the starting point for UL PRS design. 
Proposal 5: Carry-on the concept of low-interference positioning occasions in NR, and discuss further details of frequency and time granularity
Proposal 6:    Support enhanced orthogonality across positioning reference: UL PRS muting, symbol-hopping, beam-hopping.
Proposal 7:	Further study enhancements that guarantee UL PRS orthogonality among all UEs for all locations at some point in time
Proposal 8:	There should be a deployment option that supports UL PRS duty factor <= 1%
Proposal 9:	There should be a deployment option that supports increased duty factor.
Proposal 10:	Study activation/deactivation strategies for UL PRS.
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