[bookmark: _GoBack]3GPP TSG RAN WG1 #96			R1-1903018
Athens, Greece, 25th February – 1st March, 2019

Agenda item:	7.2.10.1.1
Source: 	Qualcomm Incorporated
Title: 	RAT-dependent DL-only NR positioning techniques
Document for:		Discussion and Decision
1. Introduction
 At RAN1 AH meeting, the following agreements were made regarding UL-only positioning methods:

Agreement:
· NR should support timing (DL-TDOA) based DL-only positioning techniques in FR1 and FR2
· NR should support angle (DL-AoD) based DL-only positioning techniques with at least beam sweeping at least at the gNB in FR1 and FR2
· Note: This does not necessarily need different reference signals from the timing based DL-only positioning techniques
Agreement:
Enhancements to performance obtainable based on existing NR DL reference signals (e.g., based on extensions to current reference signals or with new reference signals) are necessary to meet accuracy requirements at least in some scenarios

Agreement:
NR DL PRS design for FR1 and FR2 supports:
Configurable NR DL PRS signal bandwidth
· FFS granularity of configuration, relationship with BWPs, whether the configuration is cell and/or UE specific
Configurable NR DL PRS signal numerology (SCS)
· FFS configurability of CP for NR DL PRS
Configurable NR DL PRS frequency and time allocation
Use of DL beam sweeping / alignment
· i.e. beam alignment of gNB DL PRS transmission and UE reception of DL PRS
Localized in time NR DL PRS transmissions with periodic and/or on-demand resource allocation
· FFS signaling details
Dedicated NR DL PRS resources - time-frequency grid at resource block level 
· PRS transmitted in one cell may or may not collide with PRS transmissions in other cell
· e.g. frequency vShift/comb-offset is the same or different for two different PRSs in the same RB
· There is no data/control transmission in time-frequency grid of dedicated NR-DL PRS resources
· FDM multiplexing with other signals at RE level inside of PRS time-frequency grid is precluded
· FFS interference randomization techniques across PRS signals
FFS shared in time/frequency NR DL PRS resources with other transmissions including data/control
· FFS which physical channel/signals can share resources with NR DL PRS
· FFS interference randomization techniques for PRS transmission with other signals

Agreement:
For NR DL PRS resource design:
One antenna port is supported.
· FFS: configurable number of antenna ports (more than one) in addition to support of a single port

Agreement:
A PRS resource should have a PRS resource ID and a PRS sequence should have a PRS sequence ID 

Agreement:
NR DL PRS resource is defined as a set of resource elements used for NR DL PRS transmission that can span multiple PRBs within N (1 or more) consecutive symbol(s) within a slot, where N is FFS.
· In any OFDM symbol, PRS resource occupies consecutive PRBs
· FFS if multiple symbols can be non-consecutive
· FFS on PRS Resource Set
FFS: whether support of PRS frequency hopping is needed

Agreement:
NR supports RSTD measurements for NR DL PRS
· FFS: RSTD b/w different configured PRS resources, beams, TRPs, cells, etc.
NR supports RSRP measurement for NR DL PRS
FFS if NR supports RSTD measurement quality metric for NR DL PRS
FFS other measurements

In this paper, we present our views on DL-only RAT-dependent NR positioning techniques. 
2.  UE-based OTDOA & AoD techniques
2.1 Why UE-based DL-only positioning?
OTDOA and other DL-only  positioning methods currently rely on the network server to solve for the target device position. This is typically due to the confidential treatment of the network information by the operators, such as TP locations and network synchronization. However, this limits the implementation of UE-based DL-only (e.g., OTDOA) and their hybridisation with e.g. RAT-independent methods (e.g., GNSS, sensors, etc.) [6]. For instance, the latency of the position calculation is important for applications that require an immediate response at the mobile device. Therefore, NR positioning should support secure mechanisms to support UE-based positioning. For example, LTE Rel-15 supports broadcast of encrypted assistance data, which may be similarly supported in NR for UE-based location methods [7]. 
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.
· Improved operational range
· Measurements of reference signals can be done at a lower power level than what is required for data demodulation
· UE-Based positioning could operate even in OOS conditions.
· 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: _Ref1132380]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
· Improved operational range
· Low UL overhead
· Low latency
· Very low specifications impact
· Parity with RAT-independent UE-Based features

[bookmark: _Ref1132385]Observation 2:	RAT-dependent UE-Based positioning was agreed, but not yet implemented for Rel-15 (RP-172313 (RP-78)).
[bookmark: _Ref1132391]Observation 3:	RAT-dependent UE-Based positioning exists for RAT-independent methods.
[bookmark: _Ref951222][bookmark: _Ref1132331]Proposal 1:	Support RAT-dependent UE-Based positioning for NR in Rel-16
2.2 UE measurement & Report for UE-based OTDOA 
In UE-based OTDOA, the target device performs the position calculation. Therefore, the UE need to know the geographic locations of the measured gNBs/TPs and the gNB synchronization information (typically called "Real Time Difference (RTD)" in OTDOA location). This information could be provided to the target device via dedicated assistance data delivery or via broadcast. The UE can then directly report its position (as opposed to reporting measurements such as RSTD) to the network entity requesting the UE position. If the location request originated at the UE, then no position reporting is required.
[bookmark: _Ref534806643][bookmark: _Hlk942572]Proposal 2: Support signaling which enables the UE to perform positioning estimation without feeding back RSTD measurements to the network (UE-Based OTDOA).
2.3 UE measurement & Report for UE-based AoD positioning
For AoD-based positioning methods to work, it will be required to define a directional version of the positioning signal, similar to the concept of SS blocks and bursts. An Angle-Of-Departure (AOD) may then be encoded in the positioning signal. An example of the positioning signal time domain mapping with beam sweeping is illustrated in Figure 5. The positioning signal may be repeated a number of times in the same beam direction to allow RX beam sweeping and RX combining, which should result in improved coverage and would allow angle-of-departure determination. The TX beam sweeping may be managed across sites to improve hearability (i.e., reduce interference (see also section 3.1 above)), more on that will appear in Section 3.3 of this paper. 

[image: ]
Figure 1	Positioning signal time domain mapping with beam sweeping.
As an illustration of the concept of UE-based AoD-based positioning, consider the case where the gNB sends PRS on multiple beams chosen to have a finely quantized set of boresight directions, and assume there is only one path from the gNB to the UE. The UE can then measure RSRP on all these beams. The beam maximizing the RSRP will correspond with the AoD of the path from the gNB to the UE. Thus, UE can determine AoD if it is informed of the boresight directions corresponding to each PRS beam. More generally, AoD estimation is possible if UE has knowledge of the gNB’s Tx beam patterns. The AoD can then be used to determine the UE’s position if the gNB’s geographical location is known.
[bookmark: _Ref1129418][bookmark: _Ref534377016][bookmark: _Hlk942577]Proposal 3:	To support UE-based positioning using AoD information, transmit-beam information of the DL PRS should be provided to the UE. 
3. UE-assisted OTDOA & AoD techniques
3.1 UE measurement & Report for UE-assisted OTDOA 
The UE measurement for OTDOA in E-UTRAN is the "Reference signal time difference (RSTD)" [8], which is defined as the relative timing difference between two cells. The same general measurement definition could be used also for OTDOA in NR.  The OTDOA measurement report in LPP [9]includes also a quality of the RSTD measurements, which provides the target device's best estimate of the uncertainty of the OTDOA (or TOA) measurement [9] (IE OTDOA‑MeasQuality in LPP [9]). The IE OTDOA‑MeasQuality provides estimated uncertainty of the reference TOA measurement and the uncertainty of the reported RSTDs in units of metres. This IE can be reused for NR RSTD measurements as well. Whether e.g. a different/finer resolution of the quality is desired can be determined once the measurements and accuracy requirements have been defined in the work item phase. In general, the LTE OTDOA measurement and reporting framework defined in LPP [9] can be re-used for NR. 
Further, the PRS may be beam-swept and UE could indicate the beam used to make the reported measurement. This can help the gNB to provide PRS on beams that lead to earlier arriving paths, which improves positioning accuracy. Bearing in mind the possibility for 5G position measurement function to reside in the serving base-station [10], we could consider providing the reports via lower layers. 
[bookmark: _Ref534377004][bookmark: _Ref534978915][bookmark: _Ref1129423][bookmark: _Hlk942583]Proposal 4:	Quality information for the RSTD measurements as defined in LTE should be reused in NR.
3.2 UE measurement & Report for UE-assisted AoD-based positioning
The conceptual description for UE-based AoD-based positioning mentioned earlier also applies to the UE-assisted case. The difference is that the UE reports the measured RSRPs to the network entity that computes the UE position. This entity has knowledge of the beam patterns, and can thus use the AoD to determine the position. As mentioned earlier, the RSRPs could also be used to beamform the PRS towards the earlier arriving paths.
[bookmark: _Ref1129430][bookmark: _Ref534377019][bookmark: _Ref534978928][bookmark: _Hlk942586]Proposal 5:	To support UE-assisted positioning using AoD information, UE should be allowed to report information per DL PRS beam. 
3 DL 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 previously noted in [11], 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 OTDOA, 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.
[image: ]
[bookmark: _Ref532549248]Figure 2 Channel Energy Responses (CERs) for 15 kHz SCS and various unstaggered comb-options
Note that the LTE DL PRS pattern does not occupy all tones in a resource block, because of coexistence requirements with CRS. These "frequency holes" result in alias peaks in the time correlation function. In addition, the PRS symbols are spread over up to 8 symbols in a sub-frame.  Coherent combining ("de-staggering") of PRS symbols is required to minimize impact from aliases and ambiguities, and the this may also increase measurement latency and sensitivity to UE mobility (Doppler).   
To enable shorter measurement duration (which usually also means reduced power consumption) and 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 3. 
[bookmark: _Ref534377021][bookmark: _Ref1129435]Proposal 6:	PRS should use a uniform comb density in the frequency domain such that all subcarriers of the available bandwidth are occupied. 
3.1.1 Reference signal candidates
We will consider two candidate signal structure groups and evaluate those towards the various impact indicators.
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 [11] for position error impact from UE motion) while simultaneously providing improved received signal power and rejection of neighbor cell interference.  The TDM nature of this signal structure makes it flexible if co-existence with other signals (e.g. PDCCH) is required.  Comb-1 also produces the lowest requirement for Rx 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 Rx beam-forming resources.  While supporting beam-pairing for measurements from all gNBs, 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.
3.1.1 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 Rx beam-forming resources because more gNBs would be transmitting during each symbol duration.
With coherent combination across symbols, comb-N signals would be impacted by Doppler according to Figure 4 and Figure 5Figure 5.  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 (e.g. PDCCH) 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: _Ref534377022][bookmark: _Ref1129439]Proposal 7:	Study comb-1, comb-2 and comb-4 options further. For comb-2 and comb-4 staggering is supported.
3.2  Beam management Considerations
We will present a list of candidate signal structures and evaluate those towards the various impact indicators, and we’ll focus on various RB-aligned comb values, and slot-aligned Tx beams and signal repetitions. We assume use of signal structures with no frequency holes. For Tx beam-sweeping there is the following requirement for the number of slots given the target number of Tx beams, the number of available symbols per slot and the number of beams per slot.
·  is the number of slots required for Tx beam-sweeping.
·  is the desired number of Tx positioning beams.
·  is the number of available positioning symbols per slot.
·  is number of Tx positioning symbols desired per beam.
A UE with limited ADC resources that uses analog beam-formers will have correspondingly limited simultaneous Rx beam-forming capabilities.  With increasing overlap in cell transmissions, a UE with limited ADC/beam-forming resources will need retransmissions in order to RX beam-form to all the cells.  E.g. if there are 4 cells transmitting in a time interval, but a UE only has 2 ADC resources, the UE could at most Rx beam-form to 2 of the 4 cells per transmission time interval.  Two of the time intervals would be required to Rx beam-form to all 4 cells. Note that for analog beam-formers TXSPB would be a positive integer, but for digital beam-formers TXSPB could be represented as a fraction in the equations above.
Given a fixed time budget, signal structures with increasing comb-levels and no frequency holes, will have a similarly increasing number of time-overlapping cell transmissions.  This leads to a modified requirement for number of slots that supports both Tx beam-sweeping and Rx beam-forming incases where the number of cells with overlapping transmissions outstrip the UE beam-forming capabilities.

·  is the number of sub-frames required.
·  is the comb-level of the signal structure.
·  is the desired number of Tx positioning beams.
·  is the number of available positioning symbols per slot.
·  is number of Tx positioning symbols desired per beam.
As an example, a UE with Rx beam-forming capacity of 2 in a deployment with comb-1 with 14 symbols/slot, 1 symbol per beam and a target of 1 Tx beams could support Rx beam-forming of 28 cells using only 1 slot.  However, a comb-2 signal structure would require 2 slots to support Rx beam-forming.
CSI-RS has options that support up to 8 Rx beam hypotheses.  Using this as baseline, a UE with 2 ADC resources would require 8/2 = 4 repetitions of a transmitted sequence in order to attempt all 8 Rx beam hypotheses.
[bookmark: _Ref534797615]Observation 4:	The duration of a beam sweep is proportional to the number of beams to be swept and inversely proportional to to number of available sysmbols per slot and to the number of symbols required per beam
[bookmark: _Ref534797625]Observation 5:	Staggered comb-N signals require N symbols for full frequency content
3.3 Definition of PRS resource, set and setting 
Beam management/training/alignment has been extensively discussed in NR Rel-15 in both MIMO and RRM sessions. For L1-RSPR measurement in NR Rel-15, we find the following main design aspects:
· A CSI-RS resource spans one symbol and contains 1 port with a comb-12 or comb-4 pattern
· A CSI-RS resource set contains up to 64 CSI-RS resources within each set
· A CSI-RS resource setting contains up to 16 CSI-RS resource sets
· The total number of different CSI-RS resources over all resource sets is no more than 128. 
· A CSI-RS is BWP-specific, and the UE measures only onside the active BWP
· A CSI-RS resource set can be tagged as “Repetition = ON”. Defines whether UE can assume the CSI-RS resources within the NZP CSI-RS Resource Set are transmitted with the same downlink spatial domain transmission filter.
For L3-RSRP measurement in NR Rel-15, we find the following main design aspects:
· A CSI-RS resource for RRM spans one symbol and contains 1 port with a comb-12 or comb-4 pattern
· Each CSI-RS for RRM is associated with a cell-ID
· An SSB ID can be configured as a QCL reference for each CSI-RS for RRM
· Up to 96 CSI-RS resources for RRM can be configured
· CSI-RS resource is not BWP-specific. Measurement gaps can be configured if the UE is expected to measure CSI-RS resources outside the active DL BWP.

We observe that there exist two main differences in the above 2 approaches: 
· Relation to BWP: For L1-RSRP, which is measurement related to serving BS, the CSIRS for L1-RSRP measurement is BWP-specific, whereas for L3-RSRP, which is measurement related to non-serving BS, the CSIRS for RRM is defined outside the active BWP since the active BWP is configured an tailored for the purpose of communication with the serving BS only. A DL PRS, similar to a CSIRS for RRM, is expected to be used to measure both serving and neighboring cells and therefore, it should be configured outside the BWP. 
· Rx Beam sweeping: For L3-RSRP measurement, the CSIRS for RRM can be configured to be QCLed with an SSB from the neighboring cell, and in this case, the UE is expected to use the same Rx beam as that used for the SSB. On the other hand, for L1-RSRP measurement, the CSIRS resource set can be configured with multiple CSIRS resources with “Repetition = ON” to perform Rx beam sweeping as needed. We believe that using the SSB as a source for the PRS resource would be problematic for positioning purposes because the SSBs do not have dedicated resources (e.g., collision with other SSBs, data, control is possible), and therefore the hearability would be bad. Note that the UE is required to perform relatively fine Rx beam tuning since it is required to identify the earliest path, and not just the strongest path. To do so, the reference signal used for Rx beam tuning/alignment/pairing should have good hearability and this is what the DL PRS is expected to be designed for. For this reason, we believe that a more robust and effective PRS design would be to introduce the concept of “Repetition = ON” across PRS resources belonging on the same PRS resource set (similar to legacy NR Rel-15 CSIRS for L1-RSRP measurements). Based on the above we make the following proposals:
[bookmark: _Ref1129444]Proposal 8:	A PRS resource 
· contains 1 port spanning N consecutive symbols inside a slot where N is configurable and can be as small as the comb-type and as large as [14] symbols in a slot.
· is not BWP-specific.

[bookmark: _Ref1129449]Proposal 9:	Define the concept of a PRS resource set as a collection of one or multiple PRS resources transmitted from the same transmission point. 
· Carry-over the concept of Repetition “ON” and “OFF” from the CSI-RS for L1-RSRP of NR Rel-15 to signal for which PRS resource sets the UE may assume that the same downlink transmission filter is used across the configured PRS resources. 

[bookmark: _Ref1129453]Proposal 10:	A PRS resource setting contains one or multiple PRS resource sets with PRS resources transmitted from the same transmission point.
3.4 Reference signal considerations
[bookmark: _Hlk534813452]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. For example:
1. Both CSI-RS and SRS have flexible allocation of contiguous bandwidth in multiples of 4 RBs starting anywhere within the system bandwidth aligned to the CRB grid to a multiple of 4 RBs. 
1. SSBs, CSI-RS, and SRS can be transmitted in narrow beams. 
1. The SSS within SSB utilizes a contiguous set of 127 tones.

[bookmark: _Hlk534813595]Some requirements not obeyed by existing physical channels could be met by extending the range of parameter configurations for these channels. For example, the comb spacing of 1-port CSI-RS is 4, 12, or 24 tones. By configuring multiple CSI-RS on successive OFDM symbols with tone staggering, the receiver can see a full comb signal after de-staggering, as shown in Figure 1. Such a configuration could be achieved using Release-15 itself, or a new CSI-RS configuration could be defined to avoid having to configure multiple CSI-RS resources. Using combs allows FDM orthogonalization of neighboring gNBs. To allow more flexibility in time and frequency orthogonalization, more comb densities could be defined for CSI-RS to be used as PRS. Similar considerations apply to use of SRS on the uplink for RTT. 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: _Ref534789991]Figure 3	Positioning signal frequency density (Comb-1 contiguous tones (left), and Comb-4 with staggering (right)).
[bookmark: _Ref528764275]SSBs are limited in bandwidth to 127 tones for PSS, SSS and 20 RBs for PBCH. It is not straightforward to extend the SSB BW. However, there may be applications with accuracy requirements such that the SSB BW is sufficient to serve as a PRS. This may especially be the case with larger SCS, which implies larger SSB BW. A subset of SSBs may thus be defined to serve as PRS. By appropriate configuration of the set of transmitted SSBs in different cells, they may be orthogonalized by TDM. The maximum SSB periodicity is 160ms, whereas LTE PRS periodicity can be upto 1280ms. To achieve periodicities supported in LTE, the periodicity of the SSBs serving as PRS may span multiple SSB periods.
[bookmark: _Ref1129460]Proposal 11:	Allow reuse of CSI-RS as PRS, including new staggering patterns for such CSI-RS, and allow using transmitted SSBs as a PRS.
3.5 [bookmark: _Hlk534813738]Interference randomization
[bookmark: _Ref534377027][bookmark: _Hlk534903216]In the prior meeting there was an agreement for FFS of interference randomization techiques.  As background, LTE PRS has an option for using muting patterns that 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 cells be orthogonal to all other cells at all points in their coverage area at some point in time.
For a signal structure that has O orthogonal states, and a PRS ID space with P unique IDs, orthogonality could be guaranteed in at least one occasion for any pair of PRS IDs using a hopping sequence of length L conforming to the equation below.
[bookmark: _Hlk1119687]
The sequence could be represented as a length-L base-O number, and it is trivial to prove that orthogonality among all P exists in at least one occasion since each PRS ID would be assigned a different hopping sequence number.
As an example, LTE PRS has 6 orthogonal states, and there are 504 unique physical cell IDs in total.  Thus, a hopping sequence length of would have been needed, and each sequence could be represented as a length-4 base-6 number (Note that the upper brackets signify a ceiling operation).  E.g. PCI 0 could be assigned the sequence  and PCI 6 could be assigned the sequence .  In this example, PCI0 and PCI6 would collide in occasions {1,2,4}, but be orthogonal in occasion 3.
Supporting a PRS ID space of 4096 cells with the same orthogonality level would only require a sequence length of .  Conversely, a hopping sequence of length 5 could support a PRS ID space of .
Muting can be considered as an additional binary orthogonality state, and the above equation can be modified as follows.

With O orthogonal signal states, this means that each PRS ID group size is  or  (lower brackets indicate a floor operation).  Only PRS IDs corresponding to the same group are colliding and would need additional orthogonality through muting.  In the same examples as above, the required muting sequence lengths would be , and .
[bookmark: _Ref534727714]Proposal 12:	Support for enhancements that guarantee orthogonality among all cells for all locations at some point in time
3.6 TP ambiguity

The TOA measurements performed by a RP must be uniquely associated to its TP. In Rel-14 LTE DL PRS, this association is achieved via the PRS-IDwhich determines the frequency pattern of the PRS signal as well as the pseudo-random code sequence [12]. A range of 4096 PRS-IDs is available in LTE. A sufficiently large range of signal IDs is required in dense network deployments. Historically, remote radio heads, distributed antennas and repeaters contributed to the TP ambiguity problem. 
[bookmark: _Ref534377029][bookmark: _Ref1129467]Proposal 13:	The NR positioning signals must allow a non-ambiguous association of a TOA measurement to its transmission point.
3.7 Doppler impact
UE motion may lead to relative Doppler offsets between observations of the serving cell and neighbor cells.  The Doppler impact would manifest itself as an additional positive or negative phase rotation from one symbol to the next, and this would be a concern when coherent combining of different signal elements across different symbols is required.  For QPSK modulation a phase rotation of 90 degrees would result in a large error vector magnitude (EVM), and this would significantly impact the output of a correlation operation.  Assuming a generous threshold for operation of 45 degrees of acceptable phase error would mean a constraint for Doppler shift of 1/8th of a wavelength across the signal duration (assume constant UE velocity over the observation window).  Since a UE typically would track the frequency of its serving cell, but have no knowledge of its actual velocity, the relative Doppler speed of neighbor cells could be up to +/- 2 times the UE speed over ground.  Thus, the max speed over ground could be found from the following equation.

where
Smax is maximum UE speed over ground to meet the constraint.
λ is the wavelength of the signal.
∆T is the signal duration from the beginning of the first symbol to the beginning of the last symbol.
We’ll consider signal spans of {2,3,4,6,7,14} symbols, with ∆T corresponding to {1,2,3,5,6,13} symbols.  Furthermore, we’ll consider SCSs of {15, 30} kHz for FR1 and {60, 120, 240} kHz for FR2.  Figure 4 and Figure 5 show speed limit curves for FR1 and FR2 respectively.
[image: ]
[bookmark: _Ref534377984]Figure 4	FR1 speed limit for coherent combining as function of signal duration (#symbols)
[image: ]
[bookmark: _Ref528759127]Figure 5	FR2 speed limit for coherent combining as function of signal duration (#symbols)
[bookmark: _Ref534376959][bookmark: _Ref534978151]Observation 6:	Choice of DL PRS comb-level will impact the number of symbols required for transmission of an alias-free signal and may nessecitate coherent integration to reconstruct the alias-free signal by a receiver
[bookmark: _Ref534978156]Observation 7:	Coherent integration performance for signals that span multiple symbols will deteriorate due to Doppler from UE motion
Exceeding the speed limits would result in deteriorated measurement quality and performance.  Alternatively, it would necessitate significantly increased receiver complexity, memory and processing requirements.
3.8 [bookmark: _Hlk534904380]Duty factor
[bookmark: _Ref528764256]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, SSBs, or CSI-RS for RLM) are allowed to be re-used as PRS, then they should not be included as additional PRS overhead.  Terrestrial Beacon Systems [14] would be dedicated for navigation and positioning and could transmit DL PRS at higher duty factors.
[bookmark: _Ref1129471][bookmark: _Ref528764261]Proposal 14: There should be a deployment option that supports reference signal duty factor <= 1%. There should be a deployment option that supports Terrestrial Beacon Systems (TBS) with increased duty factor.
3.9 [bookmark: _Hlk534903991]On demand DL PRS
As agreed at RAN1 #AH1901NR DL PRS design should support periodic and/or on-demand resource allocation:
NR DL PRS design for FR1 and FR2 should support:
[…]
-	Localized in time NR DL PRS transmissions with periodic and/or on-demand resource allocation
-	FFS signaling details
Editor's note: RAN1 is to continue discussion on signalling details for periodic and on-demand resource allocation.
[…]
The signalling details for on-demand DL PRS resource allocation are labelled as FFS in the agreement above together with an Editor’s Note that RAN1 is to continue discussion on signalling details. However, the procedures and signalling details for on demand PRS allocation seems to impact RAN2 (and RAN3) only.  Once RAN1 specified detailed PRS resources and configuration options, the signalling need to enable a UE or another entity which is aware of UE positioning requirements (e.g. an LMF) to request appropriate DL PRS resources. 
For example, the signalling could allow an increase in resources assigned for DL PRS transmission (e.g. increased bandwidth, increased duration of positioning occasions and/or increased frequency of positioning occasions) and possibly to indicate when increased DL PRS transmission is no longer needed. Increased DL PRS transmission could be simplified by being restricted to only certain PRS configurations which might be configured in gNBs and/or an LMF using O&M. For example, there might be one set of PRS configuration parameters corresponding to "normal" PRS transmission in the absence of any request for increased PRS transmission. In some networks, the "normal" PRS transmission might equate to no PRS transmission at all (to minimize resource usage). There could then be one or more levels of increased PRS transmission each associated with a different set of PRS configuration parameters such as parameters defining PRS bandwidth, PRS frequencies, duration of PRS positioning occasions and periodicity of PRS positioning occasions. In the simplest case, PRS transmission might just be turned on when needed, according to a default set of PRS configuration parameters, and turned off when not needed.
Therefore, RAN1 need to define the possible/allowed PRS configurations, but corresponding signalling and procedures to request a certain PRS configuration from an entity which is aware of the positioning requirements (e.g., UE or LMF) should be defined by RAN2.
[bookmark: _Ref1129608]Proposal 15:	The signalling and procedures for on-demand DL PRS resource allocation should be specified by RAN2.
4 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
· Improved operational range
· 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:	The duration of a beam sweep is proportional to the number of beams to be swept and inversely proportional to to number of available sysmbols per slot and to the number of symbols required per beam
Observation 5:	Staggered comb-N signals require N symbols for full frequency content
Observation 6:	Choice of DL PRS comb-level will impact the number of symbols required for transmission of an alias-free signal and may nessecitate coherent integration to reconstruct the alias-free signal by a receiver
Observation 7:	Coherent integration performance for signals that span multiple symbols will deteriorate due to Doppler from UE motion
In this contribution, we make the following proposals:
Proposal 1:	Support RAT-dependent UE-Based positioning for NR in Rel-16
Proposal 2: Support signaling which enables the UE to perform positioning estimation without feeding back RSTD measurements to the network (UE-Based OTDOA).
Proposal 3:	To support UE-based positioning using AoD information, transmit-beam information of the DL PRS should be provided to the UE.
Proposal 4:	Quality information for the RSTD measurements as defined in LTE should be reused in NR.
Proposal 5:	To support UE-assisted positioning using AoD information, UE should be allowed to report information per DL PRS beam.
Proposal 6:	PRS should use a uniform comb density in the frequency domain such that all subcarriers of the available bandwidth are occupied.
Proposal 7:	Study comb-1, comb-2 and comb-4 options further. For comb-2 and comb-4 staggering is supported.
Proposal 8:	A PRS resource 
· contains 1 port spanning N consecutive symbols inside a slot where N is configurable and can be as small as the comb-type and as large as [14] symbols in a slot.
· is not BWP-specific.

Proposal 9:	Define the concept of a PRS resource set as a collection of one or multiple PRS resources transmitted from the same transmission point. 
· Carry-over the concept of Repetition “ON” and “OFF” from the CSI-RS for L1-RSRP of NR Rel-15 to signal for which PRS resource sets the UE may assume that the same downlink transmission filter is used across the configured PRS resources. 

Proposal 10:	A PRS resource setting contains one or multiple PRS resource sets with PRS resources transmitted from the same transmission point.

Proposal 11:	Allow reuse of CSI-RS as PRS, including new staggering patterns for such CSI-RS, and allow using transmitted SSBs as a PRS.

Proposal 12:	The NR positioning signals must allow a non-ambiguous association of a TOA measurement to its transmission point.
Proposal 13: There should be a deployment option that supports reference signal duty factor <= 1%.
Proposal 14:	The signalling and procedures for on-demand DL PRS resource allocation should be specified by RAN2.
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