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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

In this contribution, we reiterate the considerations on requirements and proposals on positioning methods presented in [4], and discuss some additional proposals on PRS structure based on those requirements and the above agreements.
Positioning methods and design considerations
Positioning methods
As we discussed in [4], OTDOA is a downlink based solution that is well studied in LTE and should be extended to NR. It requires good synchronization between the gNBs. RTT is a hybrid downlink/uplink method that avoids the need for this synchronization, by estimating a two-way range between the UE and each participating gNB, rather than a difference in arrival times from the participating gNBs. NR positioning could be subject to stringent performance requirements, which  make time synchronization across gNBs also more challenging. As shown in the companion contribution on evaluation results [7], OTDOA positioning accuracy is significantly impacted by imperfect network synchronization. As a way around this difficulty, RTT should be supported in NR. PRS signals as used in this document could refer to both downlink signals used for OTDOA and uplink signals used for RTT. These signals may be existing NR signals such as SSB, CSI-RS, or SRS, re-purposed for use as PRS.
[bookmark: _Ref528764154]Proposal 1: OTDOA positioning should be supported as a downlink based positioning method in NR.
[bookmark: _Ref528764176]Proposal 2: RTT positioning should be supported in NR, including RTT measurements for multiple gNBs. 
[bookmark: _Ref528764181]Proposal 3: RTT positioning should be supported for UE initiation and gNB initiation.
Possible protocol architectures for enabling RTT positioning are discussed in a companion contribution [5].

Requirements on NR positioning
The requirements identified and motivated in [4] are listed as follows:
Requirement 1:	The NR positioning signals should enable a high level of orthogonality among a large number of TPs ("multiple-access-capability").
Requirement 2:	The NR positioning signals must allow a non-ambiguous association of a TOA measurement to its transmission point.
Requirement 3:	The NR positioning signals should allow a flexible and scalable configuration of positioning resource blocks within the available system bandwidth so that range/position estimation could be granted under different service degrees.
Requirement 4:	In positioning resources/occasions there should normally only be positioning signals configured and no intermixed other signals and channels. Only (e.g., unanticipated) high-priority signalling/data may puncture positioning resources.
Requirement 5:		The NR positioning signals should utilize all tones in a resource block.
Requirement 6:	The NR positioning signal should allow a flexible signal (time) duration configuration (e.g., number of consecutive symbols/slots comprising a positioning occasion, periodicity of positioning occasions, etc.) so that range/position estimation could be granted under different service degrees.
Requirement 7:		It should be possible to transmit the NR positioning signals in narrow beams.
Requirement 8:		The NR positioning signal configuration should support beam sweeping at gNB and UE.
Requirement 9:	It should be possible to use the directional information of the NR positioning signals in conjunction with TOA measurements.
Requirement 10:	 Specify various gNB synchronization requirements for positioning support (e.g., according to service level requirements and/or according to positioning method). The synchronization requirements must apply at the "over-the-air" physical antenna reference point.
Requirement 11:	An on-demand transmission of positioning signals should be supported, and related architecture and signalling requirements should be studied in RAN2/3.
Requirement 12:	UE-based positioning (i.e., position calculation at the target device) should be a primary positioning mode in NR. UE-assisted mode in addition should also be supported.
Requirement 13:	(On-demand) broadcast of positioning assistance data should be supported.

PRS structure
We present some key impact indicators and study their impact on some potential design choice for reference signals.
Duty factor
For OTDOA, the vastly predominant deployment of PRS uses 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 deployments utilized 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.
[bookmark: _Ref528764256]Proposal 4:	There should be a deployment option that supports reference signal duty factor <= 1%
[bookmark: _Ref528764261]Proposal 5:	There should be a deployment option that supports Terrestrial Beacon Systems (TBS) with increased duty factor.
Ambiguities and aliases
As previously noted in [4], 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.
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 1 and Figure 2 show speed limit curves for FR1 and FR2 respectively.
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[bookmark: _Ref528759119]Figure 1	FR1 speed limit for coherent combining as function of signal duration (#symbols)
 [image: ]
[bookmark: _Ref528759127]Figure 2	FR2 speed limit for coherent combining as function of signal duration (#symbols)
Observation 1:	Different use cases may require different UE speed regimes, from walking at around 1 m/s, via driving on city streets at ~17 m/s to highway speeds in excess of 30 m/s to high speed trains and drones in the 100 m/s region.
Navigation 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 [4] 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.
Comb-N signals
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 1 and Figure 2.  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.
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. For example:
a) 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. 
b) SSBs, CSI-RS, and SRS can be transmitted in narrow beams. 
c) The SSS within SSB utilizes a contiguous set of 127 tones.

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.


Figure 1: Positioning signal frequency density (Comb-1 contiguous tones (left), and Comb-4 with staggering (right)).

[bookmark: _Ref528764266]Proposal 6: A reference signal for navigation and positioning use should have a uniform comb density.
[bookmark: _Ref528764270]Proposal 7:	Study comb-1, comb-2 and comb-4 options further
[bookmark: _Ref528764275]Proposal 8:	Allow reuse of CSI-RS as PRS, including new staggering patterns for such CSI-RS.
[bookmark: _Ref528764280]Proposal 9:	Allow reuse of SRS as uplink signal to enable RTT, including new tone-staggering configurations for the Release-15 comb-2 and comb-4 SRS.
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: _Ref528764284]Proposal 10:	Allow using a subset of transmitted SSBs as PRS.

On demand PRS
The LTE DL PRS signal is usually an "always-on" cell-specific broadcast signal. I.e., once configured in a network deployment the PRS configuration changes rather seldom (if at all). NR in general has a lean design that minimizes always-on transmissions to enhance network energy efficiency and ensure better forward compatibility. Typically, SSBs in NR may be the only always-on signals. This may also require that any NR DL positioning signals must only be transmitted when necessary. However, since positioning requires measurements from multiple gNBs, the on-demand positioning signals require accurate coordination in a geographical area (e.g., not only in a single cell).  
The request for positioning signal transmissions may originate at a target device or at a location server. This may also mean that the positioning signals are in principle UE-specific, although, multiple UEs in a given area may use the same positioning signal configuration. I.e., typically there would be more than a single UE in a given area requesting location service at about the same time. The configured positioning signal resources may depend on the quality-of-service requirements for the particular UE (e.g., frequency and time allocation, etc. selected accordingly). An a-priori known target device location (e.g., based on Cell-ID) may allow selecting proper positioning TX beam directions.
It should also be possible to configure an "always-on" broadcast positioning signal similar to LTE, probably with a lower duty-cycle and smaller bandwidth. This (together with UE-based mode; see section 2.5 below) may allow UEs to perform regular (probably coarse) location determinations to verify some trigger criteria (e.g., geo-fencing, etc.). The PRS resources, e.g., duty-cycle or positioning signal bandwidth may then be increased on-demand when a location report gets triggered. A subset of SSBs, as in Proposal 10 above, can be a good candidate for this always-on broadcast PRS, since SSBs are likely to be always on. The CSI-RS based PRS, as in Proposal 8 above, can then serve as the higher overhead on-demand PRS. In DL beam-refinement operation in Release 15, SSBs use coarse beams and CSI-RS use refinements on these coarse beams. Similarly the SSB-based PRS may use coarse beams to serve all UEs in the cell and enable a coarse position estimate, whereas the CSI-RS based PRS may use refined and UE-specific beams to enable more accurate positioning. 
The on-demand configuration of positioning signals may have an impact on the architecture and signalling requirements, which would have to be studied in RAN2/3. Possible architectures to support this are described in a companion contribution [6].
[bookmark: _Ref528764288]Proposal 11:	Support on-demand transmission of positioning signals.

UE-based positioning
Cellular based location methods in LTE (e.g., OTDOA, E-CID) 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 gNB locations and network synchronization. However, this limits the implementation of UE-based OTDOA and RTT, as well as their hybridisation with e.g. RAT-independent methods (e.g., GNSS, sensors, etc.). For instance, the latency of the position calculation is important for applications that require an immediate response at the mobile device. Also, the positioning capacity (scalability) requirements may be better fulfilled with UE-based mode. 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. 

The support for UE-based positioning and broadcast of assistance data (e.g., gNB location information) affects only higher layers and should be studied in RAN2. Possible approaches to handle these functionalities in the higher layers are described in [5,6].

[bookmark: _Ref528764292]Proposal 12:	Support UE-based positioning in NR

Conclusions
We have proposed the following:
Proposal 1: OTDOA positioning should be supported as a downlink based positioning method in NR.
Proposal 2: RTT positioning should be supported in NR, including RTT measurements for multiple gNBs.
Proposal 3: RTT positioning should be supported for UE initiation and gNB initiation.
Proposal 4:	There should be a deployment option that supports reference signal duty factor <= 1%
Proposal 5:	There should be a deployment option that supports Terrestrial Beacon Systems (TBS) with increased duty factor.
Proposal 6: A reference signal for navigation and positioning use should have a uniform comb density.
Proposal 7:	Study comb-1, comb-2 and comb-4 options further
Proposal 8:	Allow reuse of CSI-RS as PRS, including new staggering patterns for such CSI-RS.
Proposal 9:	Allow reuse of SRS as uplink signal to enable RTT, including new tone-staggering configurations for the Release-15 comb-2 and comb-4 SRS.
Proposal 10:	Allow using a subset of transmitted SSBs as PRS.
Proposal 11:	Support on-demand transmission of positioning signals.
Proposal 12:	Support UE-based positioning in NR
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