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One of the objectives of the SI described in [1, 2] is to propose potential solutions for positioning based on the identified requirements and evaluation scenarios. 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.
This contribution discusses the need for the support of a diversity of different methods and scalable parameter sets for NR positioning in order to provide positioning service in a large number of disparate use cases and in order to fulfil regulatory requirements. With respect to RAT-dependent techniques, DL-, UL-, and DL-/UL-based methods are compared to point out their distinct aptitudes within the ecosystems of solutions.

[bookmark: _Ref534909627]Views on supported techniques in 5G (NR) positioning schemes
Benefit of the support of a multitude of diverse positioning methods
It is noted in [3] that “no single positioning technology has to meet all requirements for every scenario”. As a consequence, this implies that there needs to be a multitude of positioning technologies at hand to satisfy expectations for different use cases and different scenarios.
Regulatory requirements target <= 50 m horizontal positioning accuracy, while within the NR positioning SI commercial requirements target < 3 m indoors and < 10 m outdoors, both at least in 80 % of the cases. The point to make is the order of magnitude of the difference between both regulatory and commercial, which - in other words - means that it may be natural if there are differences in selected methods necessary to be employed to achieve both worlds of target. The following example highlights the possible technical difference between achieving regulatory targets in contrast to commercial ones: [3] acknowledges that the higher target for commercial indoor use cases is applicable in case an indoor deployment is available, which is not a foreseen as a pre-requisite for the support of regulatory requirements.
As discussed for example in [4], people might expect over the course of time the support of different commercial service levels with not only very high accuracy requirements, but also challenging targets for availability, low latency and the support of very high mobility (high speeds). In our view, for the sooner or later support of these service levels, it is required to study many diverse positioning methods including their use in a hybrid fashion, just to be able to have such a portfolio at hand.

Observation 1: 	Single positioning methods are not expected to achieve performance targets in all scenarios. 
Proposal 1: 	The current study shall continue to encourage the discussion of many different positioning methods including their hybrid use.

Basic positioning scheme supporting regulatory requirements
Positioning in support of regulatory requirements may work by providing a basic scheme enabling area-wide positioning coverage. The basic scheme is a preferably always-on mechanism possibly based on several RAT-dependent and RAT-independent techniques. Some of its techniques may require the configuration of resources on the air interface (e.g. PRS). Resource usage, though, is low and required UE-side complexity for assisting and/or for processing as well.
Such basic scheme may be complemented by supplementary schemes that support commercial use cases (see section 2.3). 
With respect to RAT-dependent techniques, a basic scheme may rely on eCID measurement principles (exploit for positioning what a pure communication system offers and avoid additional configuration of measurement resources exclusive to positioning) or it may configure additional positioning resources (RS) in DL, UL, or both, but then in a very resource efficient fashion. The use of additional methods like fingerprinting is supported, hereby not introducing additional PRS overhead. Our companion contribution [5] details our view on an enhanced use of fingerprinting. No deployment optimization for positioning (e.g. densification, DOP planning) will be carried out for the implementation of the basic scheme. For sparse deployments, single-site position estimation is supported, which is possible by the combination of timing-based ranging and AOA/AOD detection. Configuration effort in support of the basic scheme is little. With respect to synchronization of infrastructure components (synchronization of gNBs, TRPs, RRHs), it has to be studied if current synchronization performance as needed for communication purposes is sufficient for positioning purposes or needs to be improved. The goal should be to avoid at least costly variants of solutions for further improved synchronization.
For the basic scheme, the role of LTE-based positioning as a valid element of 5G networks needs to be assessed and possibly confirmed. 

Observation 2: 	For the support of high performance positioning some fundamental and costly adjustments to mobile network design and layout are being discussed like optimized deployment for positioning or very dense deployments.

Supplementary positioning schemes supporting commercial requirements
There may be several different supplementary schemes that each support individual commercial use cases. For example, a scheme supporting high mobility may be a different selection of single methods and different configuration in comparison to a scheme in support of high availability). Each scheme may consist of different RAT-dependent and RAT-independent positioning methods, as they are discussed within this study item.
Such secondary schemes may be always on or may be activated and configured on demand in selected areas as needed by the use case. The infrastructure of a mobile network may support a variety of different supplementary positioning schemes, while UEs (especially if they are meant to be used in single use cases only) may only support a single secondary scheme. For secondary schemes, it may be justified that resource usage on the air interface is high (e.g. bandwidth and repetition rate of PRS), protocol overhead is increased, and UE implementation is more complex. In general words, flexible tradeoffs are possible, and schemes may have an adaptive on-demand behavior.
However, for the use of supplementary positioning schemes, deployment optimization for positioning is justified to be considered. A prominent example is the possibility of dense indoor deployments in support of relevant use cases. Apart from density, the actual selected spatial location of distributed antennas (DOP) matters for positioning [7] such that installation planning needs to cover this aspect. Higher-end synchronization techniques of distributed infrastructure components and other hardware optimizations for positioning (e.g. positioning antennas with calibrated phase centers as reference point) can be considered.
Secondary schemes may exploit a larger number of RAT-dependent and RAT-independent methods at a time in order to be able to reach demanding targets (e.g. availability). Therefore, hybridization is an important feature.

Observation 3: 	Increased positioning performance for specialized commercial use cases may be needed only in selected areas (areas only applicable to the use case). 
Proposal 2: 	During the work for this study, consider the interrelation between area-wide basic positioning service (basic scheme) and potentially specialized and geographically limited supplementary positioning schemes supporting high positioning performance. 

Strengths and weaknesses of DL-, UL-, UL-/DL-based architectures
Positioning technologies like TA (RTT), OTDOA (DL-TDOA) and UTDOA (UL-TDOA) are already extensively studied for LTE. The main characteristics of the technologies are summarized in the following sections. 
[bookmark: _Ref408726964]Examples for positioning scenarios
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[bookmark: _Ref408838124]Figure 3‑1: Typical network scenario

Figure 3‑1: Shows a typical reference scenario for a 4G network OTDOA. For each gNB 3 sectors are assumed. The color of the sector represents time/frequency resource assumed for the sector for DL_PRS transmissions. For positioning several gNBs are required. The example shows two scenarios: 
· UE1 is in the center of the area defined by the triangle of the gNBs #1, #7 and #6. UE1 is can be served by sector 1b, 7c and 6a. Three gNBs are sufficient for RTT based positioning schemes or for 2D positioning. For 3D positioning according to the TDOA principle a 4th gNB is required. Hence the signal of at least another link (in the example for UE1 this may be the signal in sector 2c) is required. Assuming each color represents a different time/frequency resource (typically COMB vshift) all 4 signals are separated by time/frequency already and the interference is not critical assuming the signals from other sectors are received with lower power. 
· UE2 is a more critical scenario. As long only 3 gNB are considered (sector 2b, 3c and 7a) the level difference resulting from the different distances (UE2 is assumed to be close to gNB #2) are not critical in case of different time/frequency resource. If a 4th gNB is required (in the example most suitable is sector 1b). For sector 1b and 2b the same COMB parameters are assumed, therefore the sequences are separated in the code domain. Due to high level difference the separation of the sequence in the code domain may be not sufficient. LTE supports muting for this case, meaning the signal in sector 2b is not active in all DL-PRS slots. 
In case of narrow beams the area covered by a sufficient number of gNBs in the same time slot becomes small. The principle is depicted in Figure 3‑2. Instead of a wide beam covering a complete sector several narrow beams per sector are assumed. To increase the area two solutions are distinguished: 
· For the DL-PRS signal wide beams (“complete sector”) as for 4G are assumed
· Many beams per sector are active in the same time slot requiring many PRS with good cross correlation properties. 
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[bookmark: _Ref408841859]Figure 3‑2: Overlapping area of one set of beams 
Considering this reference scenario the different technologies are compared.
[bookmark: _Ref408846047]

RTT
Principle: A UE connects to different gNBs. Using the eCID procedure or multi-RTT procedure the range is measured. 
Pros: 
· Procedures already done for TA to achieve UL/DL synchronization can be re-used for positioning.
· Compared to TDOA the number of required links is one less.
· If the speed of the UE is low the measurements can be performed in different time slots.
· The measurement rate for each UE can be adjusted individually 
· Together with angular measurements (AoA) RTT supports the implementation of Single Point Locators (at least for application with reduced accuracy requirements. 
Cons:
· SINR for each link UE gNB must be sufficient for UL and DL to exchange information. 
· The UE must send to the s-gNB (serving gNB) and all the n-gNBs (neighbor gNBs) used for triangulation. If the distance is high, a high EIRP may be required (power consumption impact) or the bandwidth is reduced (TOA measurement accuracy is reduced). 
· n-gNB may also require a high EIRP for far away UEs resulting in higher interference to the neighbor cells. 
· High overhead for the message exchange and longer duration of an overall RTT procedure.
· Two TOA measurements per link (TOA measurement in DL and UL) reduces the effective range measurement accuracy (assuming symmetrical channels the error is doubled).
· Use of carrier phase based methods not feasible
· A potentially necessary response delay calibration mechanism may be a substantial error source.

OTDOA (DL-TDOA)
Principle: The UE receives the DL-PRS from several gNBs in parallel and measures the TDOA. 
Pros:
· Efficient methods if many UEs in an area must be localized. 
· If UE knows the position of the gNB, UE-based  positioning can be applied 
· Use of carrier phase based methods is feasible, if gNBs are well synchronized.
· Due to high processing gain of correlators very weak signals can be detected. 
Cons:
· “Always on broadcast beams” (= high beam width, implemented as “wide beam” or several narrow beams active at the same time or several narrow beams sequentially swept) are required. 
· The PRS transmit period defines the time resolution
· Position update rate is identical for all UEs in an area
· Beam management for DL-PRS may become complex or critical interference situation may result.  
· Many PRS are required (e.g. different PRS for each beam)
· High COMB factor and/or more code multiplex
· If many PRS are transmitted at the same time higher interference level results

[bookmark: _Ref408726977]UTDOA (UL-TDOA)
Principle: UE transmits UL-PRS signal (SRS, for example). The UL-PRS signal is received by many gNB. Each gNB reports to the LMF the ToA relative to a common reference time. 
Pros:
· Low processing complexity and power consumption in UE
· Position update rate can be adjusted individually for each UE (e.g. depending on the speed of the device)
· Furthermore, the used bandwidth can be selected according to the positioning accuracy requirements. 
· Interference level is not increased if more gNB (receive) beams are activated as for receive direction the number of active beams is only limited by implementation constraints. 
· Use of carrier phase is feasible, if gNBs are well synchronized.
· Different positioning schemes can be easily supported (see chapter 2):
· Performance requirements inline with regulatory requirements (basic scheme)
· Higher performance schemes (e.g. industrial applications with high accuracy indoor positioning)
Cons: 
· Required resources used for UL-PRS may become high if many UEs are located. 
· All processing is done by infrastructure, but obtained positions may be signaled to UE if required there.
[bookmark: _GoBack]
[bookmark: _Ref408846071]Combined methods 
The RTT and UL-TDOA  or DL-TDOA can be combined also. Possible examples are:
· The UE is connected to the s-gNB (serving gNB). Other gNB (n-gNB = neighbor gNB) listen to the signals transmitted by the UE in parallel. The position can be calculated from the TOA of the s-gNB, the range measured by the RTT procedure and the TOA measured by the n-gNB. 
· A similar procedure is possible for using DL-PRS in combination with the range measured by RTT.  



Resource requirements
The required resources depend on 
· the number of UEs per location area (for UL-TDOA and RTT), 
· the position update rate 
· the gNB beam management/number of beams activated in the same time slot (which part of the localization area is served by several gNB beams in the same time slot)
· For DL transmit 
· For UL receive
· the UE beam assumptions  
· the required accuracy and/or reliability (= probability that a measurement is successful  defines length and bandwidth of the PRS sequence.

Observation 4: The target parameters depend on the application. For the calculation of the resource requirements these parameters should be defined for reference scenarios.

Proposal 3: Define set of parameter for calculation of the resource requirements reference scenarios.

In general the following assumptions are valid in determining the resources requirements: 
· In case of UL-TDOA and RTT the number of UEs and the update rate are the key parameters. 
· In case of DL-TDOA the number of beams transmitting DL-PRS at the same time and maximum update rate are the key parameters. 



Comparison
[bookmark: _Ref528936206]Table 1 – Pros and cons for RTT, UTDOA and OTDOA
	
	RTT
	OTDOA
	UTDOA

	Reuse of normal “beam reporting” etc. 
	High
	Low 
	Low

	Resource requirements, many UEs in a cell
	High
	Low
	High

	Interference 
	Low 
	High (PRS of several gNB are send at the same time)
	Low (reservation of UL resource possible)

	Synchronization requirements of gNB 
	Low
	High
	High 

	Clock synchronization requirements for UE
	Low 
	FFS (critical if PRSs of different gNB are not transmitted at the same time)
	Very low 

	UE complexity for high accuracy IOT applications
	High
	High
	Low

	Individual position update rate per UE
	Yes
	No 
	Yes

	DL-TX beam coordination between gNBs
(= beam management for active DL transmit)
	In line with communication protocols 
	FFS
	Not applicable 

	Number of 
gNB useful for positioning
	Limited (minimum SINR required for exchange of information)
	Limited by interference (muting is required for critical scenarios)
	High


	UL-RX beam coordination
(= active receive beam of gNB)
	In line with communication protocols
	Not applicable 
	FFS 
(only limited by implementation constraints)

	Amount of “always on” DL signals
	Low 
	FFS 
	Low 

	Use of carrier phase feasible
	No
	Yes, for some links the interference may be critical
	Yes 



From the table and the chapters 3.2 to 3.5 the following observations can be concluded
Observation 5: The combination of OTDOA and Beam management introduces many challenges 
Proposal 4: Introduce a reference scenario for beam management applicable to DL-PRS slots. 

Observation 6: The main drawback of UTDOA is the resource requirements if many UEs have to be localized. 
Proposal 5: NR shall support advanced resource sharing strategies for UL-PRS (uplink positioning reference signal). 


Conclusion
Our views on the supported techniques NR positioning schemes concluded the following observations and proposals:
Observation 1: 	Single positioning methods are not expected to achieve performance targets in all scenarios. 
Observation 2: For the support of high performance positioning some fundamental and costly adjustments to mobile network design and layout are being discussed like optimized deployment for positioning or very dense deployments.
Observation 3: 	Increased positioning performance for specialized commercial use cases may be needed only in selected areas (areas only applicable to the use case). 
Proposal 1: 	The current study shall continue to encourage the discussion of many different positioning methods including their hybrid use.
Proposal 2: 	During the work for this study, consider the interrelation between area-wide basic positioning service (basic scheme) and potentially specialized and geographically limited supplementary positioning schemes supporting high positioning performance. 

From the analysis of DL-, UL- and UL-/DL-based architectures we have following observations and proposals:
Observation 4: The target parameters depend on the application. For the calculation of the resource requirement reference scenarios should be defined. 
Observation 5: 	The combination of OTDOA and Beam management introduces many challenges 
Observation 6: 	The main drawback of UTDOA is the resource requirements if many UEs have to be localized. 
Proposal 3: 	Define set of parameter for calculation of the resource requirements  
Proposal 4: 	Introduce a reference scenario for beam management applicable to DL-PRS slots. 
Proposal 5: 	NR shall support advanced resource sharing strategies for UL-PRS (uplink positioning reference signal).
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