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1 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]The basic concept for positioning is to measure the distance and angle for multiple known points to the target point. The distance (range) measurement between points could be a commonly known approach nowadays. The angle measurement may rely on the equipment of antenna array to extract the angle information. The calibration on the antenna array may influence the measurement accuracy.

The distance measurement can be realized by several ways. If the absolute time from a known point for transmission is known by the target point, then the time of arrival (TOA), or also called as time of flight (TOF) when the signal arrives can be calculated and as such, the corresponding distance in between can be derived under speed of light.

If the absolute time for transmission from a known point is not known by the target point, the time difference of arrival (TDOA) for several known points to the target point also allows the target point to calculate the relative position to these known points. Note that the coordination among the known points for transmission is needed.

The signal strength attenuation through the propagation distance, can also be observed from receiving the transmission of several known points for positioning purpose. It may be related to the fingerprinting technique.

The estimation accuracy is crucial for positioning. From distance measurement point of view, the resolution of TOA and TDOA is a key factor for the accuracy. It can be observed that the resolution is significantly improved from the chip rate level to the carrier wave phase level in GNSS application.

In this contribution, we analyse the positioning techniques for NR, under RAN1 point of view.

2 Discussion
The positioning techniques supported in LTE can be seen in 36.355 and 36.455. Here is the list,
· OTDOA
· A-GNSS, including GNSS RTK
· E-CID
· TBS
· Sensor based positioning
· WLAN based positioning
· Bluetooth based positioning
· UTDOA
Obviously, the techniques related to the mobile radio signal are OTDOA, E-CID and UTDOA. The three techniques basically perform the distance measurement. 

For the NR design for positioning, the techniques related to the distance measurement should still play the key role. The design target can focus on the improvement of accuracy. The opportunities for angle measurement can also be exploited on whether it can assist the accuracy improvement.

In below, we provide our views on the design of OTDOA, E-CID and UTDOA for NR.

2.1 OTDOA in NR
A quick comparison between GNSS and LTE OTDOA is shown below.

	
	GNSS
	LTE OTDOA

	Transmission signal
	· Spread spectrum signal
· Carry the time and navigation messages
	· Reference signal (PRS) through OFDM
· Scrambling sequence as a function of symbol index, slot index and PRS ID

	Measurement quantity
	· Distance measurement through TOA
	· Distance measurement through TDOA


	Resolution for accuracy
	· Chip period
· Carrier wave phase
	· RS bandwidth

	Factors to impact accuracy
	· Clock offset between satellite and receiver
· Ionospheric delay
· Ephemeris error
· NLOS
· Interference and noise
	· Clock synchronization between base stations
· NLOS
· Interference and noise
· Unknown UE height
· Measurement geometry

	Position calculation
	· At the receiver side
	· RSTD calculation at UE side
· Multiple reported RSTD values and the RSTD quality for finalizing the UE position at the server side


TABLE 1

Basically, the mobile radio performs the distance measurement through TDOA, not TOA, because the absolute time to depart from the transmission point may not be carried together. The OTDOA technique can be the first priority in NR design for positioning.

As the accuracy improvement is the design target for OTDOA, we may consider that,
1. Leverage the larger transmission bandwidth in NR
2. The solution to raise the SINR observed at the UE, since the received signal may come from a distant transmission point
3. Increase the measured cells to increase the opportunity for reporting the RSTD with LOS path, and also to reduce GDOP (geometrical dilution of precision)
4. Whether AOA measurement is feasible at the UE side to provide additional information to the location server?
5. Whether the clock synchronization uncertainty between the transmission points can be further reduced?
6. Whether the carrier wave phase can also be utilized?

In above, item 1, 2 and 3 are related to the downlink RS design. Item 6 is actually a more challenging question.

There is no RS for positioning purpose in Rel-15 NR. The CSI-RS and TRS as defined in Rel-15 can support the transmission with larger bandwidth. However, it is still questionable that whether CSI-RS or TRS from neighbouring transmission point can be detected reliably, since the received signal could be quite weak due to long propagation distance.

Based on the above, we have

Observation 1: The mobile radio performs the distance measurement through TDOA, not TOA, because the absolute time to depart from the transmission point may not be carried together. As such the OTDOA technique can be the first priority in NR design for positioning

Observation 2: The CSI-RS and TRS as defined in Rel-15 can support the transmission with larger bandwidth. However, it is still questionable that whether CSI-RS or TRS from neighbouring transmission point can be detected reliably, since the received signal could be quite weak due to long propagation distance

2.1.1 Initial analysis for potential RS design for OTDOA
For the potential RS design for positioning, we consider,
· Single port, no CDM structure from each transmission point
· The capable power boosting level and the interference avoidance opportunity
· The Rx processing gain at the UE
· Allow the UE to observe the channel impulse response at the level of OFDM symbol time

The power boosting for the RS is to borrow the power from the unused REs at the same OFDM symbol. The interference avoidance is to consider whether the RS transmission from different TPs can be non-colliding. So basically the capable power boosting level is also related to the interference avoidance opportunity.

The Rx processing gain means whether the UE can at least perform time domain average to raise the SINR of the received RS. A simple time domain average is to have the average coefficient 1/n on each RE if the RS is transmitted on the n number of REs at the same subcarrier across symbols. In Fig. 2, n = 2 for subcarrier index 0, and n = 1 for subcarrier index 5.

The ambiguity could be the concern if the UE can only observe the CIR with partial time period. For example in Rel-15, TRS is designed as a comb-4 form with same frequency shift among the OFDM symbols with TRS. As a result the observable timing range under SCS = 15KHz is between -8.3us and 8.3us. The time difference of arrival for the signals transmitted from two different transmission points under the same symbol index, and same slot index are related to the relative propagation delay and the relative SFN timing. The total effect has been included at the higher layer parameters expectedRSTD and expectedRSTD-uncertainty. For TRS, the observable timing range may only cover partial of the search window range.

Let’s analyse the LTE PRS before going for NR RS design. Fig. 1 shows the structure. The RS block spans over 11 OFDM symbols, and in which 3 symbols are reserved for CRS and hence there is no PRS transmission therein. The theoretical SINR gain considers the following 3 terms by (1)x(2)/(3),
1. Signal power boosting level
2. Observed main path power due to blank RE when performing IFFT
3. Noise level after Rx processing

The LTE PRS is of the comb-6 form, and therefore, the power boosting level is 6. There are 2 blank REs out of 12 after the time domain average, which is shown in Fig. 2. As such, the observed CIR by IFFT as shown in Fig. 3 has power degradation on the main path and also several false paths grow. The main path power, as compared to that without any blank REs for IFFT, becomes (5/6)2. Finally the noise level after time domain average becomes (1x4 + 0.5x 6)/12 = 7/12. 

The overall SINR improvement for LTE PRS, as compared to one-symbol comb-1 RS transmission (and therefore no power boosting), becomes 6 x (5/6)2 x 12/7 = 7.14 (linear value).

[bookmark: _GoBack]TABLE 2 shows the theoretical gain in terms RS block duration under different comb structure, where comb-3, comb-4, comb-6 and comb-8 are analysed. It is seen that with a fixed RS block duration, the difference of the linear SINR gain between different comb structures is not significant. So the SINR improvement from the receiver point of view is strongly in terms of the RS block duration. Note that the analysis is to assume under same transmission bandwidth.

Observation 3: For potential RS design analysis. The SINR improvement from the receiver point of view is strongly in terms of the RS block duration

Observation 4: For potential RS design analysis. With a fixed RS block duration, the difference of the linear SINR gain between different comb structures is not significant
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   Fig. 1, LTE PRS transmission pattern       Fig. 2, Equivalent LTE PRS transmission by ignoring 3 symbols for CRS
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Fig. 3, the observed CIR due to blank REs for IFFT
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TABLE 2, the theoretical gain in terms of RS block duration under different comb structure

[image: ]      [image: ]
Fig. 4, SNR gain calculation for comb-4 with {023023}     Fig. 5, SNR gain calculation for comb-4 with {0231023}

2.1.2 Initial results and observation
The simulation is conducted to justify the theoretical SINR analysis in above. The simulation assumes
· CFO = 0 Hz
· TDOA = 3.9us
· AWGN channel
· RS transmission BW = 10MHz

The SNR value in X-axis in Fig. 6 to Fig. 8 is a common setting for all cases, since different comb number can achieve different power boosting level. So the SNR value here simply denotes the path loss. The accuracy is to define the percentage that the detected path with the maximum magnitude are within a range from the true location. It is seen that the performance is better for larger RS block duration.

For the RS block duration of 6os, the theoretical SINR gain for comb-4 with offset pattern {023023}, comb-4 with {023102} and comb-6 with {031450} are 6.0, 5.3 and 5.55, respectively. Fig. 6 shows interestingly the numerical detection result that comb-4 with {023023} > comb-6 with {031450} > comb-4 with {023102}.

Proposal 1: For NR RS design for OTDOA, consider the duration of RS block as the design parameter

Proposal 2: For NR RS design for OTDOA, consider the RS block design such that the UE can observe the CIR with whole OFDM symbol time period
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      Fig. 6, RS block duration= 6os                          Fig. 7, RS block duration= 7os
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       Fig. 8, RS block duration= 8os

2.2 E-CID in NR
In LTE E-CID, the UE reports
· UE Rx-Tx time difference for primary cell
· RSRP for measured cells
· RSRQ for measured cells

There is no need for any new downlink RS design for this technique in NR. RAN1 can further assess which existing RS in Rel-15 as the downlink RS source for E-CID measurement. The TRS could be a good candidate at least for UE Rx timing estimation since it has played a key role as QCL source in Rel-15.

Observation 5: There is no need for any new downlink RS design for E-CID in NR

Proposal 3: For E-CID in NR, TRS could be a good candidate at least for UE Rx timing estimation since it has played a key role as QCL source in Rel-15

2.3 UTDOA in NR
The LTE UTDOA utilizes periodic SRS as the uplink RS source. We also don’t see any need to have new uplink RS design for UTDOA in NR. RAN1 can identify the feasible SRS configuration for UTDOA purpose.

Observation 6: There is no need for any new uplink RS design for UTDOA in NR. RAN1 can identify the feasible SRS configuration for UTDOA purpose

3 Conclusion
Based on the above, we have,

Observation 1: The mobile radio performs the distance measurement through TDOA, not TOA, because the absolute time to depart from the transmission point may not be carried together. As such the OTDOA technique can be the first priority in NR design for positioning

Observation 2: The CSI-RS and TRS as defined in Rel-15 can support the transmission with larger bandwidth. However, it is still questionable that whether CSI-RS or TRS from neighbouring transmission point can be detected reliably, since the received signal could be quite weak due to long propagation distance

Observation 3: For potential RS design analysis. The SINR improvement from the receiver point of view is strongly in terms of the RS block duration

Observation 4: For potential RS design analysis. With a fixed RS block duration, the difference of the linear SINR gain between different comb structures is not significant

Observation 5: There is no need for any new downlink RS design for E-CID in NR

Observation 6: There is no need for any new uplink RS design for UTDOA in NR. RAN1 can identify the feasible SRS configuration for UTDOA purpose

Proposal 1: For NR RS design for OTDOA, consider the duration of RS block as the design parameter

Proposal 2: For NR RS design for OTDOA, consider the RS block design such that the UE can observe the CIR with whole OFDM symbol time period

Proposal 3: For E-CID in NR, TRS could be a good candidate at least for UE Rx timing estimation since it has played a key role as QCL source in Rel-15


image4.png
08

06

107

refined tracking

108 D W

ifft point

600




image5.png
4o0s 50s 60s 7 0s 8o0s 9o0s 100s 1los
Comb-4 3.6 4.5 6.0 6.75 7.71 9.0 9.8 10.8
(freq offset) (0230) (02302) (023023) (0230230) (02302302) (023023023) | (0230230230) | (02302302302)
Comb-4 4.0 4.57 5.3 6.4 8 8.7 9.6 10.67
(freq offset) (0231) (02310) (023102) (0231023) (02310231) (023102310) | (0231023102) | (02310231023)
Comb-6 4.0 5.0 5.55 6.25 7.14 83 10.0 10.7
(freq offset) | (0314) | (03145) (031450) (0314503) (03145031) | (031450314) | (0314503145) | (03145031450)
Comb-6 6.0 6.55 7.2 8.0 9.0 10.28
(freq offset) (031452) (0314520) (03145203) | (031452031) | (0314520314) | (03145203145)
Comb-3 3.6 4.5 6.0 6.75 7.71 9.0 9.8 10.8
(freq offset) (0120) (01201) (012012) (0120120) (01201201) (012012012) | (0120120120) | (01201201201)
Comb-3 4.0 4.8 6.0 6.86 8.0 8.8 10.0 10.9
(freq offset) (0101) (01010) (010101) (0101010) (01010101) (010101010) | (0101010101) | (01010101010)
Comb-8 6.0 8.0 8.5 9.14 9.85
(freq offset) (042615) (04261537) (042615370) | (0426153704) | (04261537042)





image6.png
Tx pattern After Rx processing

(1) Signal power boosting = 4
(2) main path pwr = % *(3/4)

(3) Noise = (%.x 9)/12=3/8
SNR gain = (1)x(2)/(3) =6

blank
“—— average by 20s

comb-4
offset =
023023}

60s





image7.png
Tx pattern After Rx processing

(1) Signal power boosting = 4

(2) main path pwr=1

(3) Noise = (2 x 9+ 1x3)/12=5/8
SNR gain = (1)x(2)/(3) = 32/5= 6.4

copy
<—— average by 2os

7os | comb-4
offset =
0231023}





image8.png
percentage in +/-5 x(4Ts)

0.6

CFO=0Hz, TO:

3.90625us
-

—+— comb6all.60s.031450
—e— comb4all.605.023102
—=— comb4all.605.023023

-26

-24 =22 -20 -18
SNR (dB), preclude power boosting

-16




image9.png
06

percentage in +/-5 x(4Ts)

CFO=0Hz, TO=3.90625us
—-

——+— combball.705.0314503
—+— comb4all. 705.0231023
—#— comb4all. 705.0230230

-26

-24 =22 -20 -18
SNR (dB), preclude power boosting

-16




image10.png
CFO=0Hz, TO=3.90625us
= -

—+— combball.805.03145031
—e— combdall.805.02310231
—e— comb4all.805.02302302

-26

24 -22 -20 -18

SNR (dB), preclude power boosting

-16




image2.png
T

T

T
1

T
o

0]1/2|3|/4|5|/6/7|8]9





image3.png
Tx pattern

ofr[m[w[slula[<[w|w

After Rx processing

Direct copy

Blank RE
average




