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[bookmark: _Ref129681832]In RAN1#95 [1], the following candidate techniques were agreed for study of downlink and uplink positioning. 
	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 this contribution, we focus on the necessary specifications for the standardization of positioning techniques specifically on the joint use of both DL reference signal/channel and UL reference signal/channels. 

E-CID
As in LTE, E-CID is referred to the technique of using the additional measurements compared to the Cell ID (CID)-based method, including the following:
· UE Rx-Tx time difference, RSRP, and RSRQ by the UE, 
· eNB Rx-Tx time difference, two types of timing advance, and 
· angle of arrival by the eNB
The E-CID technique should consist also of the corresponding downlink and uplink positioning procedures as specified in TS 38.305 Section 8.3.3 and 8.3.4, respectively.  
Proposal 1: NR supports E-CID positioning.
The adaptation of the measurements as supported in LTE to NR is straightforward. The baseline definition of these measurements is provided in the Appendix.
Proposal 2: NR supports the following measurements (as exemplified in the Appendix) for E-CID positioning:
· UE Rx-Tx time difference
· gNB Rx-Tx time difference
· Timing advance
· Angle of arrival, including azimuth and zenith angle of arrival
Angle of arrival is currently only limited to eNB and gNB. In our companion contribution [4], LMU based angle estimation can resolve UL coverage issue when multiple receive points are used for other positioning techniques. In order to have a unified definition of angle of arrival, we suggest to extend the angle of arrival to both gNB and NR-LMU if NR-LMU is introduced.
Additionally, due to the flexibility of resource configuration and numerology in NR, some enhancements can also be considered, including
· Advanced timing advance reporting
· E.g., a finer granularity or numerology-dependent timing advance
· Use of downlink AOD 
· E.g., using DL signals with RSRP reporting from UE
· Time stamp reporting
· E.g., using absolute time report, e.g., UTC, for the Rx/Tx frame timing
Proposal 3: Consider the following enhancement to the baseline measurements needed for E-CID positioning:
· Advanced timing advance reporting
· Use of downlink AOD
· Time stamp reporting.
Since E-CID is using RTT estimate for positioning, two factors that may affect the RTT accuracy should be considered. One factor is the requirement for UE Rx-Tx time difference measurement accuracy. In LTE, it is given by Table 9.1.9.1-1 in [5], where the most stringent 7 Ts under ≥10 MHz would lead to more than 60-meter location error.
Table 9.1.9.1-1: UE Rx – Tx time difference measurement accuracy
	Accuracy
	Conditions

	
	Ês/Iot
	Downlink transmission
bandwidth of PCell
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 6
	Minimum Io
	Maximum Io

	Ts Note 2
	dB
	MHz
	
	dBm/15kHz Note 5
	dBm/BWChannel

	20
	-3 dB
	≥1.4 MHz
	FDD_A Note 7, TDD_A
	-121
	-50

	
	
	
	FDD_B1, FDD_B2
	-120.5
	-50

	
	
	
	FDD_C, TDD_C
	-120
	-50

	
	
	
	FDD_D
	-119.5
	-50

	
	
	
	FDD_E, TDD_E
	-119
	-50

	
	
	
	FDD_F
	-118.5
	-50

	
	
	
	FDD_G Note 4
	-118
	-50

	
	
	
	FDD_H
	-117.5
	-50

	
	
	
	FDD_N
	-114.5
	-50

	14
	-3 dB
	≥ 3 MHz
	Note 3
	Note 3
	Note 3

	10
	-3 dB
	≥ 5 MHz
	Note 3
	Note 3
	Note 3

	7
	-3 dB
	≥10 MHz
	Note 3
	Note 3
	Note 3



Another factor is related to reference point (antenna connector) for BS Rx – Tx time difference measurement. In LTE, the antenna connector can be either test point A or test point B based on the RF architecture, shown in Figure 6.1-1 and Figure 7.1 of [6] for transmitter and receiver, respectively. If external PAs and external devices are implemented, the gNB may need to measure additional delay between port A and port B at both transmitter and receiver, otherwise the BS Rx – Tx time difference would be inaccurate.

[image: ]
Figure 6.1-1: Transmitter test ports
[image: ]
Figure 7.1: Receiver test ports
If those two factors are not properly addressed, the accuracy of E-CID cannot meet the requirements for commercial use cases.

Multi-RTT
As in LTE, according to the E-CID procedure in [2][3], RTT is measured for the serving cell(s) and UE. Multi-RTT is a technique that exploits the RTT between UE and various cells, including the serving cells and the neighbour cells to enhance the location estimation accuracy and robustness.
With the multi-RTT solution, the UE can use the DL reference signals or channels from the serving cell(s) and neighbour cells to compute the UE Rx-Tx time difference for each cell. Similarly, each cell can receive UL reference signals and channels to compute the gNB Rx-Tx time differences. Based on the measurement, the RTTs between the UE and cells are derived, and UE location can be calculated.
Multi-RTT is more robust to synchronization error between gNBs than TDOA, thus is a promising candidate for commercial use case. 
If multi-RTT positioning is supported, the following measurement needs to be supported in NR:
· UE Rx – Tx time difference with respect to both the serving cell and the neighbour cells
· gNB Rx – Tx time difference with respect to both serving UEs and UEs in a neighbour cell
However, the specification impact is quite significant, since the UE needs to have both DL and UL procedure defined for both the serving and neighbour cells. In addition, multi-RTT may involve multiple nodes in the NG-RAN (including gNB and ng-eNB) which further complicates the specification effort. Thus, in a first stage, we suggest to study multi-RTT for gNBs only.
The two factors affecting the RTT accuracy mentioned in E-CID also exist for multi-RTT, and also need to be properly addressed.

Single-BS positioning
The single-BS positioning exploits both the direct (LOS) and reflecting (NLOS) paths for determining the UE position. Based on both DL and UL measurements, the RTT can be derived similar to E-CID. The AOA/ZOA for all identified paths can be estimated based on UL RS, similar than for UL angle-based solutions.
The measurement can be carried out in various locations with a known relative position in between. With all the measurements, the position of both UE and the reflectors can be estimated iteratively. The details can be found in [7], and in our companion contribution [8].
The benefit of single-BS positioning is that in the indoor scenario like a warehouse, not sufficient LOS cells could be guaranteed due to a high probability of obstruction. Even for the LOS cell, the rich scattering environment may cause multiple reflective paths, hindering the TOA and angle estimation. The single-BS positioning takes advantage of the channel condition and improves the positioning accuracy in such a harsh environment.
For the support of single-BS positioning, the following measurement in E-CID are needed in NR: 
· UE Rx-Tx time difference
· gNB/eNB Rx-Tx time difference
· Angle of arrival (of a path used to determine the gNB/eNB Rx-Tx time difference)
Note that these measurements are the same of those needed for the support of E-CID and are as defined in the Appendix. However, additional measurements that further characterize the single-BS positioning should be considered, specifically information pertaining to additional path(s), including for each path the timing and angle of arrival. Furthermore, to have an accurate estimation of locations of the reflectors, multiple reports should be obtained by the LMF, so that the reflector location estimates can be averaged to provide a refined estimate of the UE.
Proposal 4: Consider multipath assisted measurements (e.g. path specific timing, angle of arrival, others) for NR positioning.

Conclusion
In this contribution, three joint DL and UL positioning solutions are presented, including E-CID, multi-RTT, single-BS positioning. The necessary measurements at both UE and NG-RAN side to support each solution are provided and defined in the Appendix. Based on the discussion, we have the following proposals:
Proposal 1: NR supports E-CID positioning.
Proposal 2: NR supports the following measurements (as exemplified in the Appendix) for E-CID positioning:
· UE Rx-Tx time difference
· gNB Rx-Tx time difference
· Timing advance
· Angle of arrival, including azimuth and zenith angle of arrival
Proposal 3: Consider the following enhancement to the baseline measurements needed for E-CID positioning:
· Advanced timing advance reporting
· Use of downlink AOD
· Time stamp reporting.
Proposal 4: Consider multipath assisted measurements (e.g. path specific timing, angle of arrival, others) for NR positioning.
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Appendix A
A.1 UE Rx – Tx time difference
	Definition
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE received timing of downlink radio frame #i from the serving cell, defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink radio frame #i.

For frequency range 1, the reference point for TUE-RX shall be the Rx antenna connector of the UE. For frequency range 2, TUE-RX shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. 

For frequency range 1, the reference point for TUE-TX shall be the Tx antenna connector of the UE. For frequency range 2, TUE-TX shall be measured based on the combined signal from antenna elements corresponding to a given transmitter branch.

	Applicable for
	RRC_CONNECTED intra-frequency



A.2 gNB Rx – Tx time difference
	Definition
	The gNB Rx – Tx time difference is defined as T gNB-RX – TgNB-TX

Where:
T gNB-RX is the gNB received timing of radio frame #i, defined by the first detected path in time. 
T gNB-TX is the gNB transmit timing of radio frame #i.

For frequency range 1, the reference point for the T gNB-RX shall be the Rx antenna connector of the gNB. For frequency range 2, T gNB-RX shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. 

For frequency range 1, the reference point for T gNB-TX shall be the Tx antenna connector of the gNB. For frequency range 2, T gNB-TX shall be measured based on the combined signal from antenna elements corresponding to a given transmitter branch.



A.3 Timing advance (TADV)
	Definition
	Type1:
Timing advance (TADV) type 1 is defined as the time difference 

	TADV = (gNB Rx – Tx time difference) + (UE Rx – Tx time difference),
where the gNB Rx – Tx time difference corresponds to the same UE that reports the UE Rx – Tx time difference.

Type2:
Timing advance (TADV) type 2 is defined as the time difference 

	TADV = (gNB Rx – Tx time difference),
where the gNB Rx – Tx time difference corresponds to a received uplink radio frame containing PRACH from the respective UE.



A.4 Azimuth angle of arrival (AoA)
	Definition
	AoA defines the estimated angle of a user with respect to a reference direction. The reference direction for this measurement shall be the geographical North, positive in a counter-clockwise direction.

The AoA is determined at the gNB antenna for an UL channel corresponding to this UE or at the NR LMU antenna for an SRS corresponding to this UE.



A.5 Zenith angle of arrival (ZoA)
	Definition
	ZoA defines the estimated angle of a user with respect to a reference direction. The reference direction for this measurement shall be the axis perpendicular to the horizontal plane.

The ZoA is determined at the gNB antenna for an UL channel corresponding to this UE or at the LMU antenna for an SRS corresponding to this UE.
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