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1. Introduction

In RAN4 meeting #52bis a proposal for the link siation frame work was presented [1]. In this cdnition, we
present initial simulation results for RSTD accyr&z further evaluate the different link simulatiassumptions.

2. Link simulation assumptions

In this section the used link simulation assumpsiare given. These follow those given in [1] foranparts.

Two different cell ID sets were evaluated, mairdgking the frequency domain orthogonal and nonegtimal case. It
is good to note that different cell ID pairs haviedent cross correlation properties. Impact a$ tio the achievable
performance would need to be further assessedlaBievaluations were also done previously when RAndked on
RSRP accuracy and cell identification.

The evaluated scenario was assumed to be synclw@malone set of timing offsets between cells watuated. It
should be further discussed what is reasonablergstin for the maximum offset between the transioisimings of
PRS subframes in different cells. In order to ble &b benefit from positioning subframes the ovelletween them
should be maximised. In case of asynchronous n&sabwould seem reasonable to assume that posiaubframes
would overlap at least by 0.5ms (half a subfrarRedm UE perspective naturally the final receivexetidifference will
depend on the maximum ISD to be considered acamyptiactical limitations for example from sensityvi

Two cell power offsets were considered. Setl gigsdrased on a snapshot taken from a system leaklation, where
UE is roughly located halfway between Celll andZe&econd set is a more arbitrary set emulatisg eghere UE
would be located closed to Celll and Cell2 andwelbuld be lower level compared to Celll.

Simulations were only carried out for system bamtfivend measurement bandwidth of 1.4MHz, but asudiged in
RANA44#52bis, it would be useful to evaluate the lig¢io¢ wider PRS bandwidth and whether the maximoandwidth
could be limited to some level below 20MHz.

Semi-ideal receiver was assumed, with two uncdaeeleeceiver branches. RSTD measurements were bassdgle
PRS subframe. Sliding correlation was performefléguency domain per symbol. The results of theseetations
between several symbols were coherently accumuthigdg 1 subframe. The maximum of the correlapoofile was
chosen as the strongest multipath path, local maixignat the proximity where evaluated as possibl8 k@ndidates in
respect to their relation to maximum and averageetation level.

No threshold to mark measurements as incorrectfalas implemented. Same sampling rate and instaares
assumed at the transmitter and receiver. No fremyuerror or transmitter impairments were accouinteitie eNB.

Furthermore different search window sizes werewatal to evaluate the impact of different assumptio assistance
data. Window sizes ranging from +5QXb +400*T,, corresponding to approximately initial uncertgiof +500m and
+4000m. The window was centred at the time off$etazh cell.

Table 1. Link simulation assumptions
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Parameter Value
Cell layout 3 cells at distinct locations as illustrated in Figure 1
. 0,1, 2]
Cell ID scenarios [0, 6, 12]

Network synchronization

Synchronous with different offsets between cells

Cell timing offsets (in relation to cell 1 at the UE
location)

[Cell2: 1/3*CP, Cell3: %*CP]

Cell level offsets (in relation to celll)

Setl: [Cell2: -1.7dB, Cell3: -8.7dB]
Set2: [Cell2: -6dB, Cell3: -12dB]

Duplex mode FDD
Data and CCH load 100%
Cyclic prefix Normal
DRX OFF
Carrier frequency 2 GHz
Channel bandwidth 1.4 MHz
Channel models AWGN, EPA 3kmh and ETU30kmh
Es/N,. for Cell 1 [dB] Varied
. PRS 1
Number of transmit antennas CRS 1

Number of receive antennas

2 (Fully uncorrelated)

Positioning subframes

No presence of PDSCH in PRBs containing PRS. Ideal
eNB transmitter

Number of positioning subframes used 1
PRS pattern 6-reuse in frequency, Vghir = mod(PCI,6)
PRS boost 0dB

PRS bandwidth

Full carrier bandwidth (e.g. 1.4MHz)

PRS search window (in respect the actual cell
timing)

[+50*T4,£100*T,£#200*T4,+400*T,]

3. Simulation results for RSTD accuracy

In this section we present results for the scesaai@ assumption described in previous section.b&it of the cells
the mean absolute value of the error and the stdritdariation of the error are evaluated at diffe@ell 1 SNR

(Es/Noo) levels.

3.1 Cell IDs

Figure 1 tarigure 4 give the results for the cell ID set 1 [0,1,2pd¥e 5 toFigure 8 show these for cell ID set 2
[0,6,12]. These are shown for different window siaed propagation conditions.

The impact of different cell ID sets is mostly Wil& for the Cell3. The impact is minor for Cell2itis nearly at equal
power level to the Celll. With cell ID set {0,6,1%}e results for Cell2 degrade slightly comparedeb{0,1,2} for
fading channels at larger window sizes. For AWGAl ridsults even improve slightly for the used delphirs. For

cell3 the impact is clearly visible at the largen#ow sizes, but also reducing the performancegiten SNR levels for

smaller window sizes.
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cell2, cell ID set = [0,1,2], Power offsets 0dB, -1.7dB, -8.7dB
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Figure 1. Mean absolute error for RSTD of Cell2 with ce

IDs [0,1,2]
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lIFigure 2. Standard deviation of the RSTD absolute err
for Cell2 with cell IDs [0,1,2]
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cell3, cell ID set = [0,1,2], Power offsets 0dB, -1.7dB, -8.7dB
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Figure 3. Mean absolute error for RSTD of Cell3 with cg
IDs [0,1,2]

cell3, cell ID set = [0,1,2], Power offsets 0dB, -1.7dB, -8.7dB
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cell2, cell ID set = [0,6,12], Power offsets 0dB, -1.7dB, -8.7dB
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Figure 5. Mean absolute error for RSTD of Cell2 with ce
IDs [0,6,12]

cell2, cell ID set = [0,6,12], Power offsets 0dB, -1.7dB, -8.7dB
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Figure 6. Standard deviation of the RSTD absolute err

Ifor Cell2 with cell IDs [0,6,12]
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cell3, cell ID set = [0,6,12], Power offsets 0dB, -1.7dB, -8.7dB

250

AWGN [50Ts]
—— AWGN [100Ts]
—5— AWGN [200Ts]
—S— AWGN [400Ts]
EPA3 [50Ts]
<~ EPA3[100Ts]
—— EPA3 [200Ts]
—— EPA3 [400Ts]
ETU30[50Ts]
—<—ETU30[100Ts]
—<— ETU30 [200Ts]
—<— ETU30 [400Ts]

meanabs ot error | I s]

8
SNR [dB]

Figure 7. Mean absolute error for RSTD of Cell3 with ce
IDs [0,6,12]

cell3, cell ID set = [0,6,12], Power offsets 0dB, -1.7dB, -8.7dB
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Figure 8. Standard deviation of the RSTD absolute errd
for Cell3 with cell IDs [0,6,12]
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3.2 Window size

In this section the results presented in previeatien are p

resented in different format to lookvhibe effect of

window size changes if other parameters are chageddditional cell level set is also shown e@B, -6dB ,-

12dB]. Only two propagation conditions shown wengted

to two, AWGN and ETU 30kmh. Range of the Spints

shown is also wider, as it could be assumed theage of cell level set2, [0dB, -6dB ,-12dB], tleése would be lower

level compared to cell 1.

Results for different window sizes for cell2 ar@ahin Figure 9 to Figure 16. Corresponding results for cell3 are

given inFigure 17 to Figure 24.

It can be seen that depending on the cell ID sgtcafi levels the limited correlation window sizepides
improvement to the performance especially in ETbbpigation conditions and for weaker cells. Forx#le mean
error reaches zero at higher SNR levels in AWGNrélgss of the window size and cell ID and levtiisg. For cell 3
the low error levels cannot be reached for alisgtt larger window sizes than +5Q*T
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The average error saturates and does not reacérfowlevel
limited by low amount of samples as only single RR&st is
size is still clear in ETU even for cell2, wheregdedation in

s even at high SNR levels in ETU. Thdgenance is
used to obtain the RSTD result. Theaichpf window
both, mean error and deviation casdmn with larger

window sizes. Similar findings can be done for&ellhe impact is most evident when cell level isdo compared to
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Figure 9. Mean absolute error for RSTD of Cell2 with
window size of £50*T for different power levels and cell
IDs

Figure 10. Standard deviation of the RSTD absolute ern
for Cell2 with window size of +50*Jfor different power
levels and cell IDs
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Figure 11. Mean absolute error for RSTD of Cell2 with
window size of £100*T for different power levels and cell
IDs
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Figure 12. Standard deviation of the RSTD absolute err
for Cell2 with window size of +100*Jfor different power
levels and cell IDs
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cell2, windowsize +/-200Ts
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Figure 13. Mean absolute error for RSTD of Cell2 with
window size of £200*T for different power levels and cell
IDs
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Figure 14. Standard deviation of the RSTD absolute err
for Cell2 with window size of +200*Jfor different power
levels and cell IDs
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Figure 15. Mean absolute error for RSTD of Cell2 with
window size of +400*T for different power levels and cell
IDs
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for Cell2 with window size of +400*Jfor different power
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Figure 17. Mean absolute error for RSTD of Cell3 with window
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Figure 18. Standard deviation of the RSTD absolute e
for Cell3 with window size of +50*Jfor different power
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Figure 19. Mean absolute error for RSTD of Cell3 with window
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cell3, windowsize +/-200Ts
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Figure 22. Standard deviation of the RSTD absolute e
for Cell3 with window size of +200*Jfor different
power levels and cell IDs
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cell3, windowsize +/-400Ts
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Figure 23. Mean absolute error for RSTD of Cell3 with window
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Figure 24. Standard deviation of the RSTD absolute er
for Cell3 with window size of +400*Jfor different
power levels and cell IDs
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4. Conclusion

In this contribution we have presented preliminasults for the RSTD accuracy. The assumptions asedimilar to
those proposed in [1], with some modifications. R&TD mean error and standard deviation were etedia
scenario with 3 cells, with two different cell Idcell levels sets. Different propagation conditiavere evaluated
together with different search window sizes. Impzdifferent cell ID sets and levels was show iiifiedent
propagation conditions. Furthermore it was shoven ity enabling the UE to focus its correlation skdyy providing a
small window, better RSTD accuracy can be reachspkcially for weaker cells and when cell ID plangniloes not
ensure orthogonality. Therefore the range and acgusf the coarse timing difference assistancermédion should

be carefully considered.

To progress the accuracy RSTD requirement evaluaticssimilar manner as for RSRP and cell iderificn
requirements in the past, impact of PRS sequerss correlation properties would need to be evadldt would also
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need to be agreed what is the maximum transmingrdifference for PRS subframes and/or correspghylinhat is
the maximum time difference to be supported byke Also it would be good to evaluate the whetheré is
possibility to limit the maximum PRS transmissiandwidths or whether all the Channel bandwidth dB\e) need
to be covered with individual configuration.
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