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Introduction
At the RAN#81 WG meeting, the final version of study item on NR Positioning was approved [1]. One of the study item objectives is to evaluate potential solutions for NR Positioning [1].
	Objective:
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.


During the previous RAN1 WG meetings, the following agreements were made by RAN1 WG with respect to RAT-dependent solutions.
	RAN1#94bis Agreement:
The RAT dependent solutions considered for study include
· Downlink based solutions
· Downlink and uplink based solutions
· Uplink based solutions


In this contribution, we focus on techniques for NR DL & UL based positioning solutions, while our views on other NR Positioning aspects are provided in companion contributions [2]-[5].

Candidate Techniques for DL Positioning
The following candidate techniques were identified by RAN1 WG for study of NR DL & UL positioning that assume measurements of signal location parameters at both UE and gNB sides:
	RAN1#95 Agreement:
The following candidate techniques are considered for study of DL and UL positioning:
· Timing based techniques
· Round trip time measurement including support for multiple TRPs
· Combination of DL and UL techniques for NR positioning
· e.g. E-CID like techniques (including one or multiple cells)



In the next sub-sections, we discuss DL & UL positioning techniques in more details.
Timing Based Techniques
Combination of DL (UE) & UL (gNB) timing measurements motivates support of two way ranging protocols that allow measurements of round-trip time (RTT) between any two stations (UE and gNB). The estimate of RTT gives information about doubled range b/w two stations. The benefits of using two-way ranging protocols is that those are less sensitive to network synchronization errors, if two way signaling transactions are completed within a short time interval to avoid degradation due to potential clock offset.
It should be noted that RTT measurement mechanism is already somewhat in place for NR cellular communication. In particular timing advance (TA) commands from gNB introduce TA (RTT offset) with respect to DL reception timing for UL transmission. In LTE, the following relevant measurements were supported by UE and eNB in LTE E-CID positioning protocol:
(UE Rx – Tx time difference)
(gNB Rx – Tx time difference)
Figure 1 illustrates RTT mechanism that can be supported in NR for the link between UE and serving gNB.


[bookmark: _Ref534985104]Figure 1: Round Trip Time Measurement Principle w/ serving TRP/gNB
For NR DL & UL positioning, the RTT measurements should be extended to support ranging with multiple cells or TRPs (transmission reception points). This can be especially valuable in dense deployments scenarios where multiple geographically distributed and synchronized TRPs are controlled by single gNB.
Depending on deployment scenarios and network synchronization assumptions two scenarios can be foreseen to enable RTT based positioning solutions:
Scenario 1: Neighboring cells/TRPs are tightly synchronized
Scenario 2: Neighboring cells/TRPs are loosely synchronized
If neighbouring cells are tightly synchronized (i.e. Scenario 1) then RTT measurements can be collected through ranging with serving/reference cell and RSTD measurements from neighbouring cells with respect to serving/reference cell (see Figure 2). The advantage of this approach is that neighbouring cells/TRPs do not need to perform timing measurements for UEs served by other cells/TRPs. There are several technical benefits of Scenario 1 with respect to RSTD only (D-TDOA) approach. First of all, it preserves DL coverage since RSTD measurements are done based on processing of DL signals. In addition, it extends the system of positioning equations and enables trilateration (TOA) vs. multi-lateration (TDOA) based positioning where estimate of range difference is used for UE location.


[bookmark: _Ref525208535]Figure 2: RTT measurements through ranging to serving TRP and RSTD measurements with neighbour TRPs
If neighbouring cells are not accurately synchronized in time (i.e. Scenario 2), the RTT measurement can be independently done with multiple neighbouring cells/TRPs by utilizing two-way ranging protocol. There are two possible approaches here, depending on who initiates ranging protocol:
UE initiated ranging (RTT measurement)
Network initiated ranging (RTT measurement)
The difference between these two approaches is mainly in signaling procedures.
UE-Initiated Ranging
In case of UE-initiated ranging, UE request network to perform RTT ranging with multiple cells. In this case, it is assumed that network pre-allocated resources for UL ranging signal transmission (e.g. PRACH/SRS or new UL PRS signals). Without loss of generality, let’s assume that UE transmits UL PRS at time instance t1 while gNBs perform measurements of time of arrival and time-stamps them as t2,i, where i is the index of gNBs/TRPs performing timing estimation. After timing estimation, gNBs/TRPs transmit DL PRS at predefined estimated time instances t3,i. The estimated values of t2,i and t3,i or their differences can be directly reported to network and/or to UE through serving gNB. DL PRS transmissions from gNBs/TRPs are used by UE to estimate time-stamps t4,i. The combination of t4,i timestamps jointly with information on t1 and t2,i and t3,i can be used to estimate RTTi = (t4,i-t1) + (t3,i-t2,i).
Network-Initiated Ranging
In this case, gNBs/TRPs transmit DL PRS signals at predefined time instances t1,i based on local timers (e.g. loosely synchronized) and trigger UE timing measurements. UE measures t2,i time-stamps for each neighboring cell/TRPs or configured DL PRS resources using its own local timer and shares this information jointly with common t3 time-stamp during UL ranging transmission (e.g. PRACH/SRS or new UL PRS signals) that may be represented by UL PRS signals and associated PUSCH payload transmission. For UL transmission, UE may be preconfigured or granted with dedicated UL positioning resource by serving gNB. gNBs/TRPs measure t4, i time-stamps based on processing of received UL ranging transmission. Given that gNBs/TRPs are aware about t1,i time instances of DL PRS transmissions, the RTTi can be calculated as (t4,i-t1,i) + (t3-t2,i) at network side and reported back to UE by serving gNB/TRP.

Proposal 1: 
NR DL & UL based positioning supports ranging procedure to measure round-trip time (RTT) with serving or multiple neighbouring TRPs/gNBs
RAN1 to discuss details of ranging procedure and inform RAN2

Combination of DL only and UL only Techniques
The RTT measurements derived based on the estimation of the timing for the first arrival path can be augmented by angular information (e.g. UL AoA at gNB side and DL AoD measured at UE side) that can be measured based on DL and UL reference signal transmissions used for DL only and UL only positioning solutions respectively.

Candidate Reference Signals for DL & UL Positioning
In order to enable RTT based DL&UL positioning, it is reasonable to reuse at some extent other frameworks such as DL only, UL only positioning including signalling and measurements.
The following design options can be considered as a candidate mechanisms for DL & UL positioning:
UE-initiated ranging
2-step PRACH procedure (Combination of PRACH and associated PUSCH transmission)
· UE can transmit PRACH signal associated with PUSCH - Message A (msgA) transmission on pre-allocated spectrum resources. The PUSCH transmission payload with MAC CE can indicate that initiated 2-step PRACH procedure is to perform RTT measurements with serving or multiple cells (including serving and neighboring cells). The PUSCH payload may include information on PRACH transmission time-stamp t1 as well as provide UE identity and indication of ranging / positioning request. As a response to UE request, serving gNB can activate or indicate DL reference signals (e.g. DL PRS transmissions) to be used for estimation of t4 time-stamps and signal in PDSCH - Message B (msgB) information on estimated t2 and t3 timestamps including those collected from neighboring cells. Alternatively, if no DL PRS is allocated by serving gNB, UE can use SSB transmissions to measure t4 timings.
UL SRS/PRS based procedure (Combination of UL SRS/PRS and associated PUSCH transmission)
· UE can be allocated with periodic/semi-persistent/aperiodic resource for UL SRS/PRS and associated PUSCH transmissions dedicated. The UL SRS/PRS transmission will be used for UL received timing measurements as a part of DL&UL positioning solution or UL only positioning solution. The granted/allocated PUSCH transmission UE can utilize to indicate type of positioning solution as well as provide information on UE identity, time-stamps and other details required by corresponding signaling protocol.
In both cases, for DL timing measurements UE can use either SSB or DL PRS signals to estimate t4 time stamps of DL signal arrival from different gNBs/TRPs. On top of that gNB can use PDCCH/PDSCH transmissions to trigger DL measurements as well as to provide network timing measurements of corresponding t2,i and t3,i timestamps.

NW-initiated ranging
In case of NW originated ranging the concept of periodic/semi-persistent/aperiodic DL PRS/CSI-RS and UL PRS/SRS resources (resource sets) can be applied, where gNB provides reference signal resources for DL timing measurement as well as resources for UL reference signals and PUSCH transmission, so that UE can report estimates t2i and t3 timestamps as well as transmit reference signals.

Proposal 2: 
NR DL & UL based positioning based on round-trip time (RTT) measurements with serving or multiple neighbouring TRPs/gNBs supports
UE-initiated ranging procedure
NW-initiated ranging procedure
Support RTT measurements with neighboring cells through RTT measurement with serving cell and RSTD measurements with neighboring cells, considering serving cell as a reference cell
Candidate reference signals identified for DL only and UL only positioning are reused for DL & UL positioning solution
Further study UE-initiated ranging procedure based on
2-step PRACH procedure
UL SRS procedure
Further study NW-initiated ranging procedure based on DL PRS and UL SRS/PRS signals

NR DL & UL Performance Analysis
In this section, we provide DL & UL NR positioning performance based on RTT measurements in FR1 and FR2 bands. Additional system level analysis of NR DL & UL Positioning performance is provided in our companion contribution [5].
For FR1 evaluations, we assumed single TX port wideband transmission of DL PRS and UL SRS with maximum TX power in each transmission direction. The evaluation in FR2 was also based on maximum TX power settings and wideband reference signals:
Downlink
· gNB transmission: Directional TX beam sweeping is applied
· Indoor Open Office - 8 beams
· UMi Street Canyon - 16 beams
· UE reception: Quasi-Omni pattern is applied
· One symbol was used for each TX beam
Uplink
· UE transmission: Quasi-Omni pattern is applied
· gNB reception: Directional RX sweeping (Indoor 8 beams, UMi 16 beams)
· One symbol is transmitted for each RX beam
The evaluation results for DL & UL Positioning based on RTT measurements are shown in Figure 3. Similar to the studies on DL only and UL only positioning we have assumed inter-cell interference free scenario.
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[bookmark: _Ref534801092]Figure 3: RTT Performance analysis in FR1 and FR2 for NR Positioning Evaluation Scenarios
Based on evaluation results shown in Figure 3, we draw the following observations:

RTT performance analysis in FR1 and FR2 for evaluation Scenario 1 (Indoor Open Office) and Scenario 2 (UMi Street Canyon) shows quite accurate positioning performance
RTT performance analysis in FR1 for Scenario 3 (UMa) shows that UL link budget is one of the limiting factors for accurate NR DL & UL positioning based on RTT measurements
Additional results on NR DL & UL RTT based positioning are provided in [5].
Summary on NR DL & UL Positioning Techniques
In this section, we summarize our views on NR DL& UL positioning solutions and measurements that can be considered for further analysis in NR positioning study item as an enhancements to LTE RAT-dependent solutions (please refer to Table 1).
[bookmark: _Ref525387048]Table 1: Candidate enhancements to RAT dependent NR DL & UL positioning techniques
	Downlink & Uplink Techniques

	Baseline: RTT based solution with serving cell
· RTT/2 + AoA of serving TRP
Candidate Enhancements: - RTT based solution with serving and neighbouring cells
· RTT/2 (serving TRP/gNB) + RSTD (neighbour TRPs/gNBs)
· RTT/2 (serving TRP/gNBs + neighbour TRPs/gNBs)
· RTT/2 + UL AoA (serving TRP/gNB + neighbour TRPs/gNBs)



 Conclusions
In this contribution, we provided our views on NR DL & UL positioning techniques and design enhancements. We observe that NR technology has multiple technical components beneficial for positioning performance. Our performance evaluation results confirm that accurate NR DL & UL positioning performance based on RTT measurements can be achieved irrespectively of the assumption on network synchronization error.
In summary, we have following proposals:

Proposal 1: 
NR DL & UL based positioning supports ranging procedure to measure round-trip time (RTT) with serving or multiple neighbouring TRPs/gNBs
RAN1 to discuss details of ranging procedure and inform RAN2
Proposal 2: 
NR DL & UL based positioning based on round-trip time (RTT) measurements with serving or multiple neighbouring TRPs/gNBs supports
UE-initiated ranging procedure
NW-initiated ranging procedure
Support RTT measurements with neighboring cells through RTT measurement with serving cell and RSTD measurements with neighboring cells, considering serving cell as a reference cell
Candidate reference signals identified for DL only and UL only positioning are reused for DL & UL positioning solution
Further study UE-initiated ranging procedure based on
2-step PRACH procedure
UL SRS procedure
Further study NW-initiated ranging procedure based on DL PRS and UL SRS/PRS signals
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Appendix A
In this section, we provide additional description of the evaluation assumptions for NR UL and DL positioning studies that were conducted according to the agreed evaluation methodology for NR Positioning under perfect network synchronization assumptions.
Table 2: NR DL Positioning Evaluation Assumptions
	Parameters
	FR1/FR2 specific values

	Signal bandwidth
	System bandwidth, according to NR positioning evaluation methodology
FR1: 5 and 100 MHz 
FR2: 100 MHz

	PRS Signals 
	Evaluated candidate physical structures for PRS transmission

	DL PRS Physical Structure
	1. Single port
1. Density (number of occupied subcarriers per symbol): 12
1. Boosting = 0dB
1. IBE – Not applicable

	TX/RX Settings 
	TX/RX Beamforming Assumptions in FR1 and FR2

	FR1
	1. PRS structure w/ all REs used for transmission
1. TX: No TX beam sweeping, Single TX Port, Quasi-Omni Pattern
1. RX: Two X-pol RX Ports, Quasi-Omni Pattern
1. Evaluation Scenarios: Open Office/UMa/UMi

	 FR2
	1. PRS structure w/ all REs used for transmission
1. TX: TX beam sweeping, 16 TX analogue pre-coder states (one OFDM symbol per TX beam), Single TX Port
1. RX: No RX beam sweeping, 4 RX BB chains with independent processing per port (2 panels & X-pol),  Quasi-Omni Pattern
1. Evaluation Scenario: Open Office, Umi

	BS beam forming
	1. Indoor gNBs:
14. FR2 – 8 TX analogue beams: [-52.2 : … : 52.5], beam width 15o, DFT vectors to scan in horizontal plane
1. UMi gNBs:
15. FR2 – 16 TX analogue beams: [-56.25 : … : 56.25], beam width 7.5o, DFT vectors to scan in horizontal plane

	RX Processing
	

	Measurement selection procedure
	Earliest timing measured across TX-RX beam pairs for given link

	First Arrival Path (FAP) Timing Estimation
	FAP timing estimation based on adaptive threshold for CIR processing



Table 3. Simulation assumptions for UL based NR positioning:
	Parameters
	FR1/FR2 Specific Values

	Signal bandwidth
	System bandwidth, according to NR positioning evaluation methodology
FR1: 5 and 100 MHz 
FR2: 100 MHz

	PRS Signals 
	Evaluated candidate physical structures for PRS transmission

	UL PRS Physical Structure (Example)
	Single port
Density (number of occupied subcarriers per symbol): 12
Boosting = 0dB
IBE – Not applicable

	TX/RX Settings 
	TX/RX Beamforming Assumptions in FR1 and FR2

	FR1
	PRS structure w/ all REs used for transmission
TX: No TX beam sweeping, Single TX Port, Quasi-Omni Pattern
RX: Two X-pol RX Ports, Quasi-Omni Pattern
Evaluation Scenarios: Open Office/UMa/UMi

	FR2
	1. PRS structure w/ all REs used for transmission
1. TX: No TX beam sweeping, Single TX Port, Quasi-Omni Pattern
1. RX: Rx beam sweeping, 16 RX analogue pre-coder states (one OFDM symbol per RX beam), Two X-pol RX Ports
1. Evaluation Scenario: Open Office, Umi

	gNB beam forming
	Indoor gNBs:
· FR2 – 8 TX analogue beams: [-52.2 : … : 52.5], beam width 15o, DFT vectors to scan in horizontal plane
UMi gNBs:
· FR2 – 16 TX analogue beams: [-56.25 : … : 56.25], beam width 7.5o, DFT vectors to scan in horizontal plane

	RX Processing
	

	Measurement selection procedure
	Earliest timing measured across TX-RX beam pairs for given link

	First Arrival Path (FAP) Timing Estimation
	[bookmark: _GoBack]FAP timing estimation based on adaptive threshold for CIR processing
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