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Introduction
The Rel 16 study item on NR positioning aims at different types of use cases, including both regulatory and commercial use cases. The study item description [1] defines the objectives, including the following for the potential solutions:
· 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.
Furthermore, during the RAN1#94b meeting [2], it was agreed to include uplink/downlink positioning methods. In a previous contribution during RAN1#95, we presented our view on uplink+downlink solutions for NR positioning. In this paper, we continue discussing uplink/downlink positioning solutions, with the ambition to summarize the different proposed solutions, enablers and aspects. 
Uplink/downlink RTT-based positioning methods
Basic Round Trip Time (RTT) positioning method
Ranging is one basic and classical positioning measurement. In wireless networks, it is typically estimated based on roundtrip time procedures. One example of a roundtrip time procedure is the uplink time alignment procedure, which is based on uplink TOA based on PRACH or UL DMRS and downlink TOA based on DL PSS/SSS.
 [image: ] gNB1
UE

D
RTT


Figure 1 RTT between a gNB and a UE
The basic RTT procedure can be explained from Fig.1. As seen in the Fig.1 the RTT between the gNB1 and user equipment (UE) can be given as
(1)
Where,  is the time a signal takes to reach from BS1 to UE.  D is a fixed known delay at the UE.   
[bookmark: _Toc1150811]The basic RTT procedure can be implemented in cellular networks in different scenarios, where the RTT can be measured using DL reference signal and UL reference signal. 

RTT and overhearing by other gNBs
Figure 2 shows a scenario in which there are three base stations and one UE. The base station nodes are numbered 1,2 and 3, BS1, BS2 and BS3. Signals are being exchanged between the BS1 and the UE. The other base stations, BS2 and BS3 are listening to exchanges between the BS1 and the UE. There can be many base stations listening to the BS1 and UE exchanges, hence the scenario is very scalable in terms of the listening base stations. As the listening base stations would collect TDOA measurements, number of TDOA measurements collected at listening base stations would also be scalable. Further in the discussion time  The distance is the distance between node i and node j.
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Figure 2. Node 1, node 2 and Node 3 are anchor nodes (base stations in cellular networks). A user node to be localized is shown as a pink diamond. Node 1 and the UE are doing signal exchanges for RTT measurements. Node 2 and Node 3 are listening to the exchanges between the node 1 and the UE. 
Figure 3 illustrates the timing relations between the different nodes in the scenario discussed in the Fig.2. From Fig.3, RTT measurements between BS1 and UE can be given as following,
(1)
Where,  is the time a signal takes to reach from BS1 to UE.  D is a fixed known delay at the UE.   
[image: ]
Figure 3 RTT timing diagram for the scenario shown in the Figure 1. BS1 and the UE exchange the signaling between them. BS2 and BS3 are just receivers and collect TDOA measurements.
As shown in the Fig.3, BS2 measures the TDOA of signals received from BS1 and the UE. The measurement is given as,
.		(2)
Where,  is the time of flight between BS2 and UE.  is the time of flight between BS1 and BS2.

Similarly, the TDOA measurement at BS3 on the signals received from BS1 and the UE is,
 		(3)
Where,  is the time of flight between BS3 and UE.  is the time of flight between BS1 and BS3. 
Equation (1) is the RTT measurement equation and is used by BS1 in estimating the distance between itself and the BS1. The trajectory of UE location is found on a circle with BS1 at the center of the circle and the estimated distance as the radius of the circle. However, the position of the UE on the circle is not observable from the distance estimate alone.
Now the equation (2) can be simplified with the assumption of the known distance between BS1 and BS2 and hence the known time of flight,   as it is true in the wireless networks. The distance between base stations to be known is a necessity for estimating UE position. As discussed earlier, the delay D is also known at the UE. Thus, the equation (2) reduces to,
.		(4)
Where, . The above equation (4) can be further written as,
	(5)
Where,  are coordinates of the BS1 and  are coordinates of the UE.  is the speed of light. In the above equation (5), the left hand side is a measurement adjusted with known constants, the D and 
Similarly, the reduced measurements at BS3 will be,
.		(6)
[image: C:\Users\esatdwi\Documents\IVDs\IVDs in preparation\ellipse_hyperbola_circle\ellipses.bmp]The equation (5) defines an ellipse where the foci of the ellipse are at  and . The unique trajectory of the ellipse is defined by the measurement , and is the possible trajectory of UE location . Similarly, the measurements at the BS3, , as in equation (6) also gives rise to an elliptical trajectory of possible UE location. The two ellipses are shown in the Fig.3. The two ellipses intersect at two different points, which can be possible UE locations.Figure 3 Elliptical trajectories around BS1, BS2 and BS3 formed from RTT between BS1 and the UE.

As said previously, the RTT between BS1 and the UE gives rise to a circular trajectory between BS1 and the UE, which can be superimposed on the elliptical trajectories, as shown in the Figure 4. Now the intersection of both the ellipses and the circle is at a unique location. The location is the UE location.

[image: C:\Users\esatdwi\Documents\IVDs\IVDs in preparation\ellipse_hyperbola_circle\ellipses_circle.bmp]
Figure 4 Intersection of ellipses generated from measurements at BS2 and BS3 and the circle generated from RTT measurements at BS1. 
As the BS2 and BS3 are only receiving signals from BS1 and the UE, the number of network nodes similar to BS2 and BS3 are infinitely scalable. Hence, theoretically, there can be infinite number of ellipses and one circle intersecting to give the UE location. 
[bookmark: _Toc534989476][bookmark: _Toc534989688][bookmark: _Toc534989709][bookmark: _Toc534989731][bookmark: _Toc534989477][bookmark: _Toc534989689][bookmark: _Toc534989710][bookmark: _Toc534989732][bookmark: _Toc1150812]Additional gNBs listening to RTT exchange between a gNB and a UE would provide more independent measurements to estimate position of the UE.
 RTT among gNB and overhearing by UE
[image: ][image: ]Figure 5 A scenario depicting base stations and a UE. The UE collects TDOA measurements from the RTT signaling between the two base stations. The figure also shows two possible hyperbolas from the two possible set of RTT exchanges among base stations. 

Another form of RTT and overhearing is shown above in Fig.5. As shown, the UE can overhear RTT measurements between two pair of base stations. It turns out that UE can be localized by the TDOA measurements collected at the UE from RTT procedures at pairs of base station. 
[bookmark: _Toc534961253][bookmark: _Toc534961303][bookmark: _Toc534989479][bookmark: _Toc534989691][bookmark: _Toc534989712][bookmark: _Toc534989734][bookmark: _Toc1150813]UE obtain positioning measurements by listening to RTT procedure signals between pairs of base stations

Different aspects of UL+DL positioning
Based on the contributions from the previous meeting, it is clear that there are many different aspects to consider within the scope of UL+DL positioning. In this section, we try to summarize the different aspects brought up. First, we discuss the scope of E-CID based on Rel. 15 measurements that are readily available, then we address the ongoing UL and DL positioning methods, and finally address discussed additional measurement candidates.
E-CID measurements
Downlink measurements that have been used for E-CID positioning in LTE , such as RSTD, RSRP, RSRQ and UE RX-TX time difference should be considered also for NR E-CID. In particular we note that the full downlink scope of the LTE E-CID can be supported in NR based on available RRM measurements defined in Rel. 15 [3].  These includes:
· SS-RSRP and SS-RSRQ of serving and intra-frequency neighbor cells
· SS-RSRP and SS-RSRQ of inter-frequency cells
· SS-RSRPB of intra-frequency cells (only FR2)
· CSI-RSRP and CSI-RSRQ of intra- and inter-frequency cells
· Radio signal strength and quality of inter_RAT cells
· Serving cell UE RX-TX time difference

[bookmark: _Toc528856373][bookmark: _Toc1150814]The LTE E-CID downlink measurement scope can be supported in NR based on available RRM measurements defined in Rel. 15.

The LTE E-CID scope can again be supported based on existing Rel. 15 NR measurements. The standardized uplink measurements used for E-CID are based on uplink time of arrival based on either DM-RS (type 1) or PRACH (type 2). In addition, there is the uplink-based angle of arrival, which is implementation specific 
· Timing advance type 1 and 2
· Uplink Angle of arrival
The timing advance information is available in the serving base station, and if supported, the angle of arrival estimates can be provided based on uplink measurements in the serving transmission point.
[bookmark: _Toc528856375][bookmark: _Toc1150815]The LTE E-CID uplink measurement scope can be supported in NR based on available measurements defined in Rel. 15 or via implementation.
Given the observations in this subsection, we have the following proposals
[bookmark: _Toc1150819]Support NR E-CID based on available RRM measurements and procedure information agreed in Rel. 15 for NR.
[bookmark: _Toc1150820]Add the text proposal for NR E-CID in Appendix A.1 to the TR.

The list of UL+DL measurements as part of E-CID includes:
1. Serving cell RSRP/Q measurements
2. Neighbor cell RSRP/Q measurements
3. Serving cell beam RSRP/Q measurements
4. Neighbor cell beam RSRP/Q measurements
5. Inter-carrier and/or inter-RAT measurements
6. Serving cell RTT (UE/gNB RX-TX)
7. Serving cell uplink AoA
UL TOA measurements
The discussion about UL positioning methods includes UL TOA measurements based on a configurable UL reference signal. These are used to form UL RTOA measurements, which can be considered for UL+DL positioning:
8. UL RTOA measurements
DL TOA measurements
The DL positioning is based on a DL reference signal, where the discussions have addressed a CSI-RS with tracking (TRS), CSI-RS with tracking and extensions or a new DL PRS. These are used to form DL RSTD measurements, which can be considered for UL+DL positioning:
9. DL RSTD measurements
Additional measurements and procedures
In this section we try to summarize the proposals that have been submitted to the previous meeting.
Additional angle measurements
The angle measurements can be considered in different ways, and based on different information. 
a. Serving cell DL Angle of Departure based on beam based DL reference signals
b. Non-serving DL Angle of Departure based on beam based DL reference signals
c. Non-serving UL Angle of Arrival
Additional RTT measurements
The RTT measurements as part of E-CID above is based on information from existing procedures intended for uplink time alignments. The scope of RTT can be extended to enable better accuracy, flexibility, and include non-serving cells etc. From the contributions, we identify the following discussed extensions:
d. UE Rx-Tx w.r.t. all serving cells (CA, DC)
e. gNB Rx-Tx from all serving cells (CA, DC)
f. Non-serving gNBs listens to serving cell RTT signaling
g. UE listens to RTT signaling between gNBs
h. UE initiated RTT with serving gNBs, dedicated DL PRS
i. UE initiated RTT with multiple gNBs, dedicated DL PRS
j. UE initiated RTT with serving gNBs, common DL PRS
k. UE initiated RTT with multiple gNBs, common DL PRS
l. gNB initiated RTT with serving UE
m. gNB initiated RTT with multiple UEs
n. Serving cell RTT and UE neighbor cell RSTD based on common DL PRS
o. Serving cell RTT and UE neighbor cell RSTD based on dedicated DL PRS
p. Serving cell RTT and gNB neighbor cell RTOA
Additional detailed signal measurements
Some contributions also have discussed more detailed reference signal measurements to exploit what can be achieved when entities are capable of performing more detailed measurements. Such measurements include
q. Detailed DL PRS impulse response measurement, with time lags and power per path
r. Detailed DL PRS impulse response measurement, with detailed time lags, phase and power per path
s. Detailed UL impulse response measurements, with time lags and power per path
t. Detailed UL impulse response measurement, with detailed time lags, phase and power per path
u. Phase difference of arrival (PDOA) (difference over subcarriers)
v. PDOA feedback based on phase modulation
Summary
Given the ongoing discussions on one hand based on LTE E-CID, existing Rel. 15 measurements, Rel 16 UL and DL positioning method measurements, and on the other hand based on contributions to the previous RAN1 ad hoc meeting, it is clear that there are quite many candidate measurements, procedures, concepts etc that falls under the UL+DL umbrella.
LTE E-CID, existing Rel. 15 and Rel 16 UL and DL positioning method measurements
1. Serving cell RSRP/Q measurements
2. Neighbor cell RSRP/Q measurements
3. Serving cell beam RSRP/Q measurements
4. Neighbor cell beam RSRP/Q measurements
5. Inter-carrier and/or inter-RAT measurements
6. Serving cell RTT (UE/gNB RX-TX)
7. Serving cell uplink AoA
8. UL RTOA measurements
9. DL RSTD measurements
Additional UL+DL concepts, measurements, procedures
a. Serving cell DL Angle of Departure based on beam based DL reference signals
b. [bookmark: _GoBack]Non-serving cell DL Angle of Departure based on beam based DL reference signals
c. Non-serving cell UL Angle of Arrival
d. UE Rx-Tx w.r.t. all serving cells (CA, DC)
e. gNB Rx-Tx from all serving cells (CA, DC)
f. Non-serving gNBs listens to serving cell RTT signaling
g. UE listens to RTT signaling between gNBs
h. UE initiated RTT with serving gNBs, dedicated DL PRS
i. UE initiated RTT with multiple gNBs, dedicated DL PRS
j. UE initiated RTT with serving gNBs, common DL PRS
k. UE initiated RTT with multiple gNBs, common DL PRS
l. gNB initiated RTT with serving UE
m. gNB initiated RTT with multiple UEs
n. Serving cell RTT and UE neighbor cell RSTD based on common DL PRS
o. Serving cell RTT and UE neighbor cell RSTD based on dedicated DL PRS
p. Serving cell RTT and gNB neighbor cell RTOA
q. Detailed DL PRS impulse response measurement, with time lags and power per path
r. Detailed DL PRS impulse response measurement, with detailed time lags, phase and power per path
s. Detailed UL impulse response measurements, with time lags and power per path
t. Detailed UL impulse response measurement, with detailed time lags, phase and power per path
u. Phase difference of arrival (PDOA) (difference over subcarriers)
v. PDOA feedback based on phase modulation
[bookmark: _Toc1150816]There are a large number of possible concepts, procedures, measurements that can be considered with the UL+DL umbrella
Given the observations in this subsection, we have the following proposals
[bookmark: _Toc1150821]Document for further study all different proposed concepts, procedures, measurements for UL+DL positioning in the TR 
Evaluation of some RTT-based positioning methods
[bookmark: _Toc534989714][bookmark: _Toc534989693][bookmark: _Toc534989715][bookmark: _Toc534989694][bookmark: _Toc534989716][bookmark: _Toc534989695][bookmark: _Toc534989717][bookmark: _Toc534989696][bookmark: _Toc534989718][bookmark: _Toc534989697][bookmark: _Toc534989719][bookmark: _Toc534989698][bookmark: _Toc534989720][bookmark: _Toc534989699][bookmark: _Toc534989721][bookmark: _Toc534989700][bookmark: _Toc534989722][bookmark: _Toc534989701][bookmark: _Toc534989723][bookmark: _Toc534989702][bookmark: _Toc534989724][bookmark: _Toc534989703][bookmark: _Toc534989725][bookmark: _Toc534989704][bookmark: _Toc534989726][bookmark: _Toc534989705][bookmark: _Toc534989727][bookmark: _Toc534989706][bookmark: _Toc534989728]                                [image: ]              Figure 6 Agreed evaluation setup for IOO scenario.
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Figure 7 Simulated performance curves for the RTT with overhearing neighboring nodes. Difference simulated cases are shown as cases from A to F.

Figure 6 shows the agreed setup for the IOO scenario, FR1. As can be seen the base stations are placed in two rows of six columns each. For the sake of ease of discussions, numbers are assigned to the base stations in the Figure 6. 
In this scenario, we investigate the performance of different configurations of RTT and overhearing nodes. The following measurements and procedure information cases are considered:
A. Positioning information from RTT procedures with all 12 nodes is considered for each UE. This corresponds to 12 DL and 12 UL signals being transmitted in the considered setup, where the DL signals can either be dedicated or common, addressing additional information i, k or m in the list in section 3. 
B. The RTT procedure is only configured for a boundary node (node 1 in Figure 6), but all other nodes are overhearing the signaling exchange. Here, only 1 DL and 1 UL signal is configured, corresponding to additional information f, h, j, l.
C. The RTT procedure is only configured for a center node (node 5 in Figure 6), but all other nodes are overhearing the signaling exchange. Here, only 1 DL and 1 UL signal is configured, corresponding to additional information f, h, j, l.
D. The RTT procedure is only configured for two center nodes (nodes 5 and 6 in Figure 6), but all other nodes are overhearing the signaling exchange. Here, only 2 DL and 2 UL signal is configured, corresponding to additional information f, h, j, l.
E. The RTT procedure is configured with all nodes, and all nodes are overhearing the signaling exchange, This corresponds to 12 DL and 12 UL signals being transmitted in the considered setup, where the DL signals can either be dedicated or common, addressing additional information f, h, j, m in the list in section 3.
F. DL OTDOA for reference
The resulting positioning accuracy performance is summarized in Figure 7, and the 80-percentile performance accuracy together with some signaling costs are summarized in Table 1. Some of these costs can be shared in case common DL signals can be used and shared by multiple UEs.
Table 1. Positioning accuracy 80 percentile and DL and UL signaling load per UE
	
	A
	B
	C
	D
	E
	D

	80% acc
	1.4m
	2.8m
	2.6m
	2.1m
	1.4m
	1.6m

	DL cost/UE
	12
	1
	1
	2
	12
	12

	UL cost/UE
	12
	1
	1
	2
	12
	0



Some comments:
· In case ‘B’, with the the boundary node has the most inferior performance but comes with savings in the number of signals being exchanged in the system. 
· The case ‘C’ has the same signaling cost, but better performance since the center node is more centrally located in the geometry than the boundary node  of the case ‘A’. 
· The case ‘D’ corresponds to the case of two centrally located nodes, which shows a considerable performance improvement compared to the two previous cases ‘B’ and ‘C’.  The improvement in performance comes at the expense of one additional transmission each of DL and UL signal. 
· The case ‘E’ is for the case when all nodes do the RTT with the UE, and all nodes overhear the signals from other nodes and the UE. This case does have same number of signals being transmitted as in case ‘A’, 12 each of DL and UL signals. Performance of this case is same as the performance of the case ‘A’ i
· To provide the reference of the considered cases, we provide performance of DL TDOA positioning in the considered setup. As can be seen, the DL positioning with TDOA measurements has good performance, but not as good as when all nodes are used for RTT, in which case the signaling cost is also much higher.
A TP for these evaluation is presented in our contributions to system evaluations (AI 7.2.10.1.4). 
[bookmark: _Toc1150817]The different RTT simulations shows that there are significant gains to harvest from exploiting overhearing of RTT signaling. 
[bookmark: _Toc1150818]Extensive use of RTT comes with a relatively right signaling cost, which may limit the capacity critically.
Given the observations in this subsection, we have the following proposals
[bookmark: _Toc1150822]Evaluate performance in terms of accuracy and latency, but are with respect to signaling costs for the different RTT-based solutions.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The basic RTT procedure can be implemented in cellular networks in different scenarios, where the RTT can be measured using DL reference signal and UL reference signal.
Observation 2	Additional gNBs listening to RTT exchange between a gNB and a UE would provide more independent measurements to estimate position of the UE.
Observation 3	UE obtain positioning measurements by listening to RTT procedure signals between pairs of base stations
Observation 4	The LTE E-CID downlink measurement scope can be supported in NR based on available RRM measurements defined in Rel. 15.
Observation 5	The LTE E-CID uplink measurement scope can be supported in NR based on available measurements defined in Rel. 15 or via implementation.
Observation 6	There are a large number of possible concepts, procedures, measurements that can be considered with the UL+DL umbrella
Observation 7	The different RTT simulations shows that there are significant gains to harvest from exploiting overhearing of RTT signaling.
Observation 8	Extensive use of RTT comes with a relatively right signaling cost, which may limit the capacity critically.
And the following proposals:
Proposal 1	Support NR E-CID based on available RRM measurements and procedure information agreed in Rel. 15 for NR.
Proposal 2	Add the text proposal for NR E-CID in Appendix A.1 to the TR.
Proposal 3	Document for further study all different proposed concepts, procedures, measurements for UL+DL positioning in the TR
Proposal 4	Evaluate performance in terms of accuracy and latency, but are with respect to signaling costs for the different RTT-based solutions.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]RP-182155, Study on NR positioning support, RAN1, Intel Corporation, Ericsson, June 2019.
RAN1#95 Chairman’s notes
3GPP TS 38.215 V.15.3.0, NR; Physical layer measurements

Appendix A	Text Proposals
A.1	NR E-CID based on Rel 15 NR measurements
[…]
[bookmark: _Toc525556712]2	References
[…]
[x] 3GPP TS 38.215: " NR; Physical layer measurements "
[y] 3GPP TS 36.202: "NR; Services provided by the physical layer".
[bookmark: _Toc525727764][…]
7.1.3.1	Enhanced cell ID positioning based on Rel. 15 NR measurements 
In the Cell ID (CID) positioning method, the UE position is estimated with the knowledge of the geographical coordinates of its serving ng-eNB or gNB.
Enhanced Cell ID (E-CID) positioning refers to techniques which use UE and/or NG-RAN radio resource related measurements to improve the UE location estimate.
Although E-CID positioning may utilise some of the same measurements as the measurement control system in the RRC protocol, the UE generally is not expected to make additional measurements for the sole purpose of positioning; i.e., the positioning procedures do not supply a measurement configuration or measurement control message, and the UE reports the measurements that it has available rather than being required to take additional measurement actions.
In cases with a requirement for close time coupling between UE and NG-RAN measurements (e.g., TADV type 1 and UE Rx-Tx time difference), NG-RAN configures the appropriate RRC measurements and is responsible for maintaining the required coupling between the measurements.
NOTE:	For E-CID positioning methods the UE reports only the measurements that it has available rather than being required to take additional measurement actions.
E-CID measurements for NR per intra/inter-frequency or inter-RAT cell may include [x,y]:
UE measurements ([x], [y]):
-	NR SS reference signal received power (SS-RSRP)
-	NR CSI reference signal received power (CSI-RSRP)
-	NR SS reference signal received quality (SS-RSRQ)
-	NR CSI reference signal received quality (CSI-RSRQ)
-	NR SS reference signal received power per branch (SS-RSRPB)
-	UE NR Rx – Tx time difference;
-	E-UTRA Reference signal received power (RSRP);
-	E-UTRA Reference Signal Received Quality (RSRQ);
-	UE E-UTRA Rx – Tx time difference; 
-	GERAN RSSI;
-	UTRAN CPICH RSCP;
-	UTRAN CPICH Ec/Io;
-	WLAN RSSI.
E-UTRAN measurements ([x], [y]): 
-	gNB Rx – Tx time difference;
-	Timing Advance (TADV):
-	Type1: TADV = (gNB Rx – Tx time difference) + (UE NR Rx – Tx time difference);
-	Type2: TADV = gNB Rx – Tx time difference;
-	ng-eNB Rx – Tx time difference;
[bookmark: _Hlk494070603]-	Timing Advance (TADV):
-	Type1: TADV = (ng-eNB Rx – Tx time difference) + (UE E-UTRA Rx – Tx time difference);
-	Type2: TADV = ng-eNB Rx – Tx time difference;
-	Angle of Arrival (AoA).
Various techniques exist to use these measurements to estimate the location of the UE. The specific techniques are beyond the scope of this specification.
A.2 Candidate NR UL+DL Measurements
[…]
7.1.4.2	Downlink OTDOA for NR Rel. 16
The downlink positioning method OTDOA is based on RSTD measurements as discussed in Section 7.1.1.a. Such measurements can also be considered for UL+DL positioning.
[…]
7.1.4.3	Uplink TDOA for NR Rel. 16
The uplinU positioning method OTDOA is based on RTOA measurements as discussed in Section 7.1.3.b. Such measurements can also be considered for UL+DL positioning.
[…]
7.1.4.4	Candidate measurements and procedures for UL+DL
In this section we try to summarize the UL+DL proposals that have been submitted to the study item meetings.
Additional angle measurements
The angle measurements can be considered in different ways, and based on different information. The following measurements can be considered:
· Serving cell DL Angle of Departure based on beam based DL reference signals
· Non-serving cell DL Angle of Departure based on beam based DL reference signals
· Non-serving cell UL Angle of Arrival
Additional RTT measurements
The serving cell RTT measurements as typically part of E-CID as discussed is based on information from existing procedures intended for uplink time alignments. The scope of RTT can be extended to enable better accuracy, flexibility, and include non-serving cells etc. The following concepts have been discussed:
· UE Rx-Tx with respect to all serving cells, which includes secondary cells and nodes due to carrier aggregation and/or dual or multiconnectivity
· gNB Rx-Tx from all serving nodes, which includes secondary nodes due to carrier aggregation and/or dual or multiconnectivity from all serving cells
· Non-serving gNBs listens to serving cell RTT signaling, where additional listening entities provides additional positioning information
· UE listens to RTT signaling between gNBs, where gNBs are exchanging signaling to estimate RTT, and UEs are listening to the exchange of signaling
· UE initiates RTT with serving gNBs, where the downlink timing estimation is based on a dedicated DL PRS
· UE initiates RTT with multiple gNBs, where the downlink timing estimation is based on a dedicated DL PRS
· UE initiates RTT with serving gNBs, where the downlink timing estimation is based on a common DL PRS
· UE initiates RTT with multiple gNBs, where the downlink timing estimation is based on a common DL PRS
· gNB initiated RTT with serving UE
· gNB initiated RTT with multiple UEs
· Serving cell RTT and UE estimated neighbor cell RSTD based on common DL PRS
· Serving cell RTT and UE estimated neighbor cell RSTD based on dedicated DL PRS
· Serving cell RTT and gNB neighbor cell estimated RTOA
These procedures and measurements differ in what entitiy that have initiated the procedure, whether downlink reference signals are common or dedicated, whether only serving cell is engaged in the generation of positioning information, or also neighbor cells, whether the UE and/o the gNB listens and measures on signals sent by other entities, etc
Additional detailed signal measurements
More information than received power, quality, time of arrival and angle of arrival can be estimated based on the received reference signal. Detailed measurement information includes:
· Detailed DL PRS impulse response measurement, with time lags and power per path
· Detailed DL PRS impulse response measurement, with detailed time lags, phase and power per path
· Detailed UL impulse response measurements, with time lags and power per path
· Detailed UL impulse response measurement, with detailed time lags, phase and power per path
· Phase difference of arrival (PDOA) (difference over subcarriers)
· PDOA feedback based on phase modulation
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