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Introduction
The objective of the positioning work item is to specify solutions to enable RAT dependent (for both FR1 and FR2) and RAT independent NR positioning techniques while considering E911 (e.g. floor level) and commercial requirements for horizontal and vertical positioning accuracies according to TR38.855 [1]. The requirements for positioning accuracies in TS38.855 are as follows:
For regulatory use cases, the following requirements are considered as a minimum performance targets for NR positioning: 
-	Horizontal positioning error <= 50m for 80% of UEs
-	Vertical positioning error <5 m for 80% of UEs
-	Note: The regulatory requirements of [36] refer to floor level vertical accuracy
-	End to end latency and TTFF < 30 seconds
As a starting point for commercial use cases, the following requirements are considered as performance targets for RAT dependent solutions, which are subject to further analysis in terms of performance/ complexity tradeoffs of NR positioning radio-layer solutions:
-	Horizontal positioning error < 3m for 80% of UEs in indoor deployment scenarios
-	Vertical positioning error < 3m for 80% of UEs in indoor deployment scenarios
-	Horizontal positioning error < 10m for 80% of UEs in outdoor deployments scenarios 
-	Vertical positioning error < 3m for 80% of UEs in outdoor deployment scenarios
-	End to end latency < 1s


To support NR positioning, reference signals (DL and UL), measurements, and techniques are to be defined in R16 in other RAN working groups. 
With respect to reference signals, the followings are to be defined:
· DL positioning reference signal (PRS) to aid UE in performing DL-TDOA generally aiming to improve hear-ability from neighboring cells compared to existing RS. 
· Depending on agreements in other working groups, existing CSI-RS or modified CSI-RS patterns and/or SSB may also be configured as reference signals for positioning. 
· UL PRS (SRS) to aid gNB in performing UL-TDOA with modifications to existing SRS patterns 

With respect to measurements, the followings are to be defined:
· UE measurements
· DL RSTD
· Intra-frequency and Inter-frequency in RRC_CONNECTED 
· UE Rx-Tx
· Intra-frequency and inter-frequency in RRC_CONNECTED
· PRS-RSRP (depending on agreements in other working groups)
· gNB measurements:
· UL Relative Time of Arrival (RTOA)
· gNB Rx-Tx
· UL AoA
· UL RSRP (depending on agreements in other working groups)

With respect to positioning techniques, DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, E-CID, and Round-Trip Time (RTT) are included. In the next section, we discuss RRM impacts related to positioning.
Discussion
Positioning Techniques Similar to LTE:
In LTE, two UE-assisted positioning techniques of (DL) OTDOA and E-CID are supported and the following RRM requirements in [2] are defined:
· OTDOA:
· Intra-frequency RSTD measurement delay and accuracy
· Inter-frequency RSTD measurement delay and accuracy
· E-CID:
· UE Rx-Tx time difference measurement delay and accuracy
· Intra-frequency RSRP/RSRQ measurement delay and accuracy
· Inter-frequency RSRP/RSRQ measurement delay and accuracy

Observation 1. In LTE, two UE-assisted positioning techniques of (DL) OTDOA and E-CID are supported and the following RRM requirements in TS 36.133 are defined:
· OTDOA:
· Intra-frequency RSTD measurement delay and accuracy
· Inter-frequency RSTD measurement delay and accuracy
· E-CID:
· UE Rx-Tx time difference measurement delay and accuracy (PCell only)
· Intra-frequency RSRP/RSRQ measurement delay and accuracy
· Inter-frequency RSRP/RSRQ measurement delay and accuracy

Similarly in NR, these two UE-assisted positioning techniques will be specified in R16 and RRM specification in TS 38.133 should capture the relevant requirements.
Proposal 1. RAN4 to define requirements for UE-assisted positioning techniques of DL OTDOA and E-CID as in the following:
· OTDOA:
· Intra-frequency RSTD measurement delay and accuracy
· Inter-frequency RSTD measurement delay and accuracy
· E-CID:
· Intra-frequency UE Rx-Tx time difference measurement delay and accuracy
· Inter-frequency UE Rx-Tx time difference measurement delay and accuracy
· Intra-frequency RSRP/RSRQ measurement delay and accuracy
· Inter-frequency RSRP/RSRQ measurement delay and accuracy

UE-based Positioning: 
In addition to UE-assisted positioning, it was agreed in RAN2#106 to also support UE-based positioning [3]:
With respect to UE-based positioning study, RAN2 agreed that UE-based DL-only positioning is supported at least for the case of unicast assistance data. It was also confirmed that broadcast assistance data are supported for DL-only positioning with FFS if this applies to the UE-based case.
RAN2 WG has also prepared the following LSs
LS to SA3 asking if the LTE mechanism for broadcast assistance data is secure for the case of UE-based DL-TDOA assistance data considering that the base station positions are static. The LS was agreed in R2-1908473.
LS to SA2 indicating that RAN2 have agreed to support UE-based DL-only positioning and asking them to take it into account. Also ask for confirmation on the above point about access to the UE-based method(s). The LS was agreed in R2-1908475.
RAN2 understanding is that the CN can control whether the UE has authorization for UE-based positioning.


UE-based positioning can improve performance of existing use cases (particularly commercial use cases), scalability, and operational range with low UL overhead and latency. It also provides parity with RAT-dependent UE-based features. 
Observation 2. RAN2 agreed that UE-based DL-only positioning is supported at least for the case of unicast assistance data. UE-based positioning can improve performance of existing use cases (particularly commercial use cases), scalability, and operational range with low UL overhead and latency. It also provides parity with RAT-dependent UE-based features. 
As such, we believe it is necessary to define core requirements and performance tests for UE-based positioning method. The precedent for defining requirements for UE-based positioning exists in GNSS [4] as well as IS-95 specifications [5]. The test procedure for GNSS is also specified in [6].
An example of core requirement from [4] is reproduced here:
[bookmark: _Toc5282123]5	A-GNSS minimum performance requirements (UE supports A-GPS L1 C/A only)
[bookmark: _Toc5282131]5.2.1	Minimum requirements (nominal accuracy)
The position estimates shall meet the accuracy and response time requirements in Table 5.6.
Table 5.6: Minimum requirements
Success rate
2-D position error
Max response time
95 %
30 m
20 s


In the test procedure [6], UE is dropped randomly within a reference location and furnished with relevant assistance data and is required to provide a 2D positioning fix within the max response time. The test equipment also calculates UE’s position according to a prescribed algorithm which is then used to measure the error in UE’s reported position. 
Observation 3. In TS 38.171 (and TS 36.171), UE-based accuracy requirement in terms of 2-D position error and max response time are specified. In TS 37.571-1, the procedure for testing UE-based positioning performance is specified. 
Proposal 2. RAN4 to define UE-based DL-only positioning performance requirements in terms of at least 2-D position error and max response time and the corresponding test case(s) in TS 38.133. 


RTT:
RTT relies on UE Rx-Tx and gNB Rx-Tx measurements to estimate the distance of UE from each gNB. More precisely, the distance  can be estimated as:

where  is the speed of light. RTT measurements from multiple cells can be used in triangulation to estimate the UE position (Figure 1, left). Alternatively, a single gNB RTT measurement can be augmented by another measurement such as AoD to fix the position (Figure 1, right). 
	

	



Figure 1 Multi-RTT (left) and single-RTT (right) positioning
In contrast to TDOA-based methods, RTT-based positioning does not require very tight synchronization among cells. However, calibration error and group delay variation in both UE and gNB are main sources of impediments. Figure 2 illustrates the group delay terms on the Rx and Tx path of both UE and gNB that contribute to RTT measurement inaccuracy.
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Figure 2 Calibration error and group delay variation in RTT
We present a preliminary analysis on the calibration level required to meet the accuracy requirements set forth in TR38.855. With 10-meter horizontal positioning error for outdoor deployment scenarios, the total error budget of the system is approximately 33ns. Assuming PRS BW of 100 MHz in DL, the baseband TOA estimation in the UE yields an error approximately equal to 1/BW or 10ns. Similarly, assuming SRS BW of 100 MHz in UL, the baseband TOA estimation in the gNB leads to another 10ns of error. This leaves only 13ns budget for total calibration error of UE and gNB.  As a refence, current requirements for time alignment error (TAE) at gNB between different branches of MIMO transmission is 65ns (clause 6.5.3.2 of [7]).
Observation 4. Calibration error and group delay variation in both UE and gNB are main sources of impediments in RTT. To meet positioning accuracy requirements in TR38.855, calibration of group delay at both UE and gNB must significantly improve. 
Conclusions
Observation 1. In LTE, two UE-assisted positioning techniques of (DL) OTDOA and E-CID are supported and the following RRM requirements in TS 36.133 are defined:
· OTDOA:
· Intra-frequency RSTD measurement delay and accuracy
· Inter-frequency RSTD measurement delay and accuracy
· E-CID:
· UE Rx-Tx time difference measurement delay and accuracy (PCell only)
· Intra-frequency RSRP/RSRQ measurement delay and accuracy
· Inter-frequency RSRP/RSRQ measurement delay and accuracy

Proposal 1. RAN4 to define requirements for UE-assisted positioning techniques of DL OTDOA and E-CID as in the following:
· OTDOA:
· Intra-frequency RSTD measurement delay and accuracy
· Inter-frequency RSTD measurement delay and accuracy
· E-CID:
· Intra-frequency UE Rx-Tx time difference measurement delay and accuracy
· Inter-frequency UE Rx-Tx time difference measurement delay and accuracy
· Intra-frequency RSRP/RSRQ measurement delay and accuracy
· Inter-frequency RSRP/RSRQ measurement delay and accuracy
[bookmark: _GoBack]
Observation 2. RAN2 agreed that UE-based DL-only positioning is supported at least for the case of unicast assistance data. UE-based positioning can improve performance of existing use cases (particularly commercial use cases), scalability, and operational range with low UL overhead and latency. It also provides parity with RAT-dependent UE-based features. 
Observation 3. In TS 38.171 (and TS 36.171), UE-based accuracy requirement in terms of 2-D position error and max response time are specified. In TS 37.571-1, the procedure for testing UE-based positioning performance is specified. 
Proposal 2. RAN4 to define UE-based DL-only positioning performance requirements in terms of at least 2-D position error and max response time and the corresponding test case(s) in TS 38.133. 
Observation 4. Calibration error and group delay variation in both UE and gNB are main sources of impediments in RTT. To meet positioning accuracy requirements in TR38.855, calibration of group delay at both UE and gNB must significantly improve. 
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