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[bookmark: _Ref349588338]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.
The study and evaluation of native NR positioning methods such as ECID, OTDOA and UTDOA for regulatory use cases has been prioritized [2]. Support for regulatory use cases (e.g., E911) is already supported in NR Rel-15 [3] using the LTE positioning methods supported via LPP [4] (and augmented via NRPPa [5] where applicable). This includes OTDOA positioning but using LTE signals only; i.e., only RSTD measurements for E-UTRAN are supported in Rel-15 [6].  Therefore, it appears obvious that OTDOA positioning should be extended in Rel-16 to support RSTD measurements using NR signals, which would then also include "hybrid" LTE-NR RSTD measurements. 
For OTDOA location the target devices perform Time-Of-Arrival (TOA) measurements using radio signals received from multiple gNBs. If the TOA measurements can be made at both, UE and gNB, and if one node can exchange the TOA measurement information, a round trip time (RTT) can be determined by the other node, which corresponds to a double-range estimate. 
In this contribution, we propose to support OTDOA and RTT based location in NR and discuss some common requirements and design targets. 

2. 	OTDOA and RTT Location Techniques for NR Positioning
For OTDOA location the target devices perform Time-Of-Arrival (TOA) measurements using radio signals received from multiple TPs (gNBs). To eliminate the unknown transmission time a difference of two TOA measurements transmitted by two different and precisely synchronized TPs is performed. However, this differencing is carried out after making the TOA measurements and is a computational process (not a measurement process). 
OTDOA location is well known from e.g. LTE deployments and requires fine (e.g., nano-second level) synchronization across the TPs (gNBs) in the network. RTT methods are also based on TOA measurements but require only coarse gNB timing synchronization, e.g. similar to the TDD synchronization requirements. However, it typically involves an exchange of measurements between the two nodes as illustrated in Figure 1. 
Figure 1 illustrates the basic principle of RTT where TOA measurements are made at both, initiating and responding device, and where the responding device provides its TOA measurements to the initiating device for RTT calculation. The initiating device may be a gNB or a UE, and the responding device a UE and gNB, respectively. The RTT measurement would then correspond to the double-range measurement between the two devices. 


Figure 1: Illustration of RTT Principle.
The detailed procedures and performances of RTT based methods should be studied for NR positioning. For example, a serving gNB may send a control signal to the UE, indicating to the UE that one or more gNBs would be transmitting RTT measurement signals on specific DL resources. The UE then measures the arrival times (TOAs) relative to its own timing, similar to OTDOA positioning, and then reports the timing measurements in an UL RTT measurement signal, which should allow all gNBs in the neighborhood to also measure precisely the observed TOAs (and extract the UE TOA measurement payload). The RTTs may then be computed from the arrival times of the UL signal, combined with the UE timing information provided in the payload. The opposite direction should also be supported, where the UE starts the procedure by transmitting the UL RTT measurement signal (when commanded), which can be received by multiple gNBs in its neighborhood. Each gNB then measures the arrival time and responds with a DL RTT measurement signal including the necessary time stamps in the message payload (or in separate messages). The UE then measures the TOA of the DL RTT measurement signal and calculates the RTTs for each gNB to determine its location.
As mentioned above, RTT based methods have the advantage that no stringent gNB synchronization requirements are needed. The synchronization accuracy should be within the CP length to reduce any intercell interference and allow multiple independent timing measurements across distinct gNBs (which may result in similar synchronization requirements as needed for TDD operation anyhow). Therefore, it is proposed:

Proposal 1:	OTDOA positioning should be supported 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.

For both, OTDOA and RTT based location the critical point at the radio level is to be able to measure the TOAs with sufficient precision for the measurement to be useful for positioning. In the following, we discuss some general requirements and desired signal properties for TOA measurements.
Note, in the following the term "positioning signal" is used. This may not necessarily be a new NR reference signal design; the "positioning signal" may also reuse existing NR signals, such as SSB, CSI-RS, SRS, etc. for the positioning (TOA) measurements (probably with some extensions or additional configuration options). However, use of an DL and/or UL PRS should also be possible (e.g. to improve accuracy).

3. 	General Design Considerations
3.1	Hearability ("near-far problem")
As summarized above, signals from multiple TPs must be received by the target device. In addition, the signal from the target device must be received at multiple RPs for RTT based location. Therefore, the received power levels from the (single or set of) transmitters have typically a wide range. For example, a relatively strong signal from a nearby TP may make it impossible for the receiver to detect a weaker signal from a more far away TP. 


Good hearability requires to maintain orthogonality across the signals from multiple TPs (which may be gNBs or UEs). For the LTE DL Positioning Reference Signal (PRS), orthogonality is achieved in frequency domain via a frequency re-use of six; i.e., the value mod(,6) determines one of the six possible frequency arrangements for the PRS tones [7]. If two TPs have the same mod(,6) value, the PRS tones collide and the signal will no longer be orthogonal. In such cases, the pseudo-random PRS sequence distinguishes one TP from another. However, the PRS code-isolation is usually not sufficient to combat for the near-far problem and therefore, PRS muting is supported in LTE [4]. If the PRS collide in frequency domain, muting can make the PRS occasions again orthogonal to each other. However, muting "wastes" signal resources and increases latency. Alternatives to muting have previously been studied for LTE and include randomization of the PRS frequency shift (vshift) and PRS interference cancellation [8]. To further improve hearability of PRS in LTE, positioning subframes have been designed as "low-interference subframes", that is, without transmission on data channels. 
Signal orthogonality may also be maintained in space domain by transmitting and/or receiving the positioning signal in narrow beams. 

Requirement 1:	The NR positioning signals should enable a high level of orthogonality among a large number of TPs ("multiple-access-capability").

3.2	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 [7]. 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. 

Requirement 2:	The NR positioning signals must allow a non-ambiguous association of a TOA measurement to its transmission point.

3.3	Measurement Accuracy
Probably the most important property is being able to measure the TOA with sufficient accuracy for the measurement to be useful for positioning. Accuracy is primarily determined by the bandwidth of the signal, the SNR, and multipath condition (channel impulse response). Accuracy is also determined by the capabilities of the measurement device, such as integration time, measurement method/algorithm, and stability of the local clock and frequency offset.

The TOA of a radio signal is measured by cross-correlating the received signal with a signal template generated by the receiver. The peak of the cross-correlation output represents the time offset between the two signals (observed Time-of-Arrival). Since the transmitted signal must be known by the receiver there is a "signal overhead" and there is usually a trade-off between TOA measurement accuracy and this overhead.

(a) Occupied Positioning Bandwidth
Wideband signals are a key feature to achieve accurate positioning, because multipath can be mostly mitigated due to its resolvability. The LTE DL PRS signals can utilize 1.4, 3, 5, 10, 15 and 20 MHz bandwidth, which may be smaller than the system bandwidth. In the latter case, the LTE DL PRS occupies the central resource blocks. 

Since there is a wide range of accuracy requirements [9], the number and frequency location of positioning resource blocks should be flexibly configurable. Obviously, the bandwidth of the positioning PRBs cannot exceed the configured component carrier bandwidth. However, there appears to be no need that the positioning PRBs must be at least as large as one SS Block bandwidth. It may also be beneficial to allow positioning PRBs in non-contiguous PRBs, e.g., to enable better coexistence with other signals (e.g., in LTE, PSS, SSS, PBCH may appear inside a PRS occasion). For example, different BW configuration options are illustrated in Figure 2, where positioning bandwidth is the same as the system bandwidth (a), or a central block of the system bandwidth (b), as currently supported for LTE DL PRS. Figure 2(c) illustrates a positioning bandwidth which is smaller than the CC bandwidth, but the positioning resources do not occupy the central PRBs. This would also allow a frequency hopping of the positioning signal in different occasions, similar to what is supported for eMTC [7]. Figure 2(d) illustrates an example where the positioning signal occupies two non-contiguous blocks, resulting in a kind of "slit spectrum" signal, as also used in modernized GNSS (e.g., GPS L1C, or Galileo E1). This may also enable a narrowband receiver to operate within a single side-band only. The latter may also occur in case of positioning signals in two component carriers, where the blanked resource blocks may be the guard band at the edge of each of the two component carriers.




Figure 2: Possible options for positioning signal BW configurations.

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.
[bookmark: _Hlk525080880]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.

(b) Occupied Tones
The LTE DL PRS pattern does not occupy all tones in a resource block, because of coexistence requirements with CRS, as shown in Figure 3. These "frequency holes" result in alias peaks in the time correlation function. In addition, the PRS symbols are spread over a slot, which requires coherent combining ("de-staggering") of PRS symbols over slots, which may increase measurement latency and may be sensitive 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 4. 

Requirement 5:		The NR positioning signals should utilize all tones in a resource block.



Figure 3: LTE PRS Pattern.


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

(c) Occupied Time Duration
In LTE, the DL PRS is transmitted in pre-defined positioning subframes grouped by several consecutive subframes NPRS, which are termed "positioning occasion". Positioning occasions occur periodically with periodicity TPRS. In LTE Rel-9 the number of consecutive downlink subframes NPRS can be 1, 2, 4, or 6 subframes (milli-seconds). In LTE Rel-14, the PRS can be denser and generally any number between 1 and 160 subframes. A longer time-domain signal allows longer cross-correlation intervals, and therefore, improved pre-detection SNR. In addition, a high PRS time density is required for accurate Doppler measurements. However, higher positioning signal density also means larger overhead, which might lead to lower spectrum efficiency or effective transmission rate. 

The time duration of the positioning signal may be constrained by the beam-sweeping periodicity. This may require defining 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)).


Figure 5: Positioning signal time domain mapping with beam sweeping.


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.

3.4	gNB Synchronization Requirements
As mentioned in section 2 above, for OTDOA based location one of the critical aspects is the network synchronization requirement, which should be in the order of nanoseconds to provide accurate positioning. For RTT based location, this requirement can be relaxed and should be around the duration of the CP length. Thus, the gNB synchronization requirements should be considered when specifying TOA based positioning. GNSS-based synchronization procedures are probably the main candidate to fulfil nano-seconds synchronization requirements in outdoor environments. The use of accurate network listening, or advanced network time protocols may be considered for indoor deployments. 
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.

3.5	On-demand Positioning Signal
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 3.6 below) may allow UEs to perform regular (probably coarse) location determinations to verify some trigger criteria (e.g., geo-fencing, etc.). The e.g., duty-cycle or positioning signal bandwidth may then be increased on-demand when a location report gets triggered. 
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.
[bookmark: _Hlk525085763]Requirement 11:	An on-demand transmission of positioning signals should be supported, and related architecture and signalling requirements should be studied in RAN2/3.


3.6	UE-based mode
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 [9] 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.

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.

4. 	Summary
In this contribution, we discussed OTDOA and RTT based location solutions for NR using positioning signals which led to the following proposals:
 
Proposal 1:	OTDOA positioning should be supported 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.
A discussion on desired signal properties and system aspects led to the following requirements, which should be considered when developing and evaluating the detailed design options:

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.
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