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1. Introduction

In RAN4 meeting #53 we showed link level simulatiesults for RSTD accuracy [1]. In this contributiave present
system level results evaluating the false alarrestold setting and neighbor cell list size to thenber of detected
sites.

2. System simulation assumptions

System simulation assumptions are given in TablEh&se follow mainly those given in [1].

Simulations were done with 10MHz bandwidth andtfe scenario of Case 1. UEs were dropped to thieeceactor of
the network having their serving cell in the middiethe hexagonal grid. 57 neighbouring cells distred in 19
neighbouring sites signals were fully modelled. fighoffset between cells were evaluated calculaling of sight
propagation from different cells to each UE.

In terms of assistance information the followingswamptions were made. Search window size of +200WES
considered corresponding to approximately initiakertainty of £2000m. The window was centred at éxact
propagation delay. For cell list different assuropsi were used. In the first case all 57 cells fd@hsites belonged to
the search cell list. Three other cases with miongdd cell list were considered. In these casesstarch cell list was
limited to 24, 18 or 9 strongest cells (with redgedong term the received power) in additionhe serving cell.

Semi-ideal receiver was assumed, with two uncaedleeceiver branches. RSTD measurements were basgd2, 4

or 6 PRS bursts of 1 subframe. Sliding correlati@as performed in frequency domain per symbol. Hseilts of these
correlations between several symbols were cohgrantumulated during 1 subframe. The maximum ottireelation

profile was chosen as the strongest multipath patal maximums at the proximity where evaluateghassible LOS
candidates in respect to their relation to maximamd average correlation level. Same sampling radeirgstants were
assumed at the transmitter and receiver. No fregyuerror or transmitter impairments were accouintettie eNB.

Threshold was implemented after the correlatiocuwdation to mark measurements as incorrect (faRekults in this
contribution, i.e., detected cells and sites andmrabsolute errors, are shown as a function ottinéshold.

Table 1. Simulation assumptions

Parameter Value
Scenarios (ISD, height, UE speed, penetration lpss) Case 1 (500 m, 3 km/h, indoor: 20 dB)
Cell layout Hexagonal grid
Number of sites 19 sites, with 3-sectored antennas at each site
Network synchronization Synchronous
Data and CCH load 100%
Cyclic prefix Normal
Carrier frequency 2 GHz
Carrier bandwidth 10 MHz
Channel model ETU 30kmh, EPA 3kmh
Distance-dependent pathloss L=128.1+37.6logy(R) (R in km)+20dB
Lognormal shadowing standard deviation 8 dB
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Shadowing correlation Between sites 0.5
Between sectors 1
Minimum distance between UE and BS 35 m
eNode B antenna gain 15 dBi
UE antenna gain 0 dBi
eNode B Tx power 46 dBm
UE noise figure 9 dB
Number of transmit antennas| PRS 1
CRS 1
Number of receive antennas 2
Positioning subframes No presence of PDSCH in P&RB&ining PRS. Ideal eNB transmitter
Number of consecutive positioning subframes 1
Number of positioning occasions used in receiver 2,4and 6
PRS burst cycle 160ms
PRS boost 0dB
PRS pattern 6-reuse in frequency gy = mod(PClI,6)
PRS transmission bandwidth Full carrier bandwidth
PRS search window +200*Ts

3. Simulation results

3.1 False alarm threshold

First we look at the false alarm threshold. Itéfided as probability of some noise peak in thedwim exceeding a
given threshold. Threshold is defined as some fma} exceeding the noise level after the correldtoFigure 1
theoretical false alarm rates are shown as a fomdti false alarm threshold. What is good to nb& these are based
on assuming window size of £200*Ts. Hence assurfongxample wider window would mean that threshetild
need to be set to higher level. This would natynaléan that weaker cells would not be heard.

False Alarm Rate

= 1subfs 200s.
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False Alarm Threshold

Figure 1. False alarm rate for +/-200 Ts windove sind 1 subframe for a given threshold. X-axisBs dfter the
correlator.

Figure 2 and Figure 3 show the mean absolute eff@STD for the five strongest cells with differdatse alarm
thresholds. These are averaged over all the dragpetnals. It can be seen that with lower falgeralthresholds the
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RSTD accuracy gets worse, especially for the weedts (4" and %' cell), but also for the others. The reason fas thi
two fold. Firstly as could be assumed weaker @ksaccounted thus in general their accuracy isev@econdly also
some cross correlation peaks are judged as preadssge.g. cells. This is especially the case wheeaker cell is
being attempted to be measured. Also the PRS halwgés/s occur in the same sub-frame, the crosgledion products
also appear at the same time instant, thus aggnggae measurement result over multiple burst datdelp this
case, even though it generally can be said to ivgptioe hearability. This could of course be compsby having
multiple consecutive PRS sub-frames.

MEANABS for 5 strongest cells. ETU30, +/-200Ts MEANABS for 5 strongest cells. EPA3, +/-200Ts
T T T T —— T T T

Meanabs of Eror
Meanabs of Error

Threshold [dB] : Threshold [dB]

Figure 2 Mean absolute detection errors in ETU30i%  Figure 3 Mean absolute detection errors in EPAZiter
strongest cells. strongest cells.

3.2 Simulation results for RSTD accuracy

In this section we represent results for the séesa@nd assumption described in previous section.

Figure 4, Figure 6, Figure 8 and Figure 10 showaberage number of detected cells for the fourediifit cases (57,
24, 18 and 9 cells), respectively. Figure 5, Figiy&igure 9 and Figure 11 show the respectiveltefar number of
different detected sites. Note that no other fittean the threshold was used when plotting thepeds to consider a
cell as detected or not (please see Annex A atnideof this document).

When considering the results showing the numbetetécted cells and sites, we can see that the Iltheefalse alarm
threshold the higher the number of detected cellsites is. This is an expected result as weakeelkation peaks are
considered to correspond to cell. This could beeeterl to improve the location accuracy, but ondtieer hand as
show in Figure 2 and Figure 3 in previous sectlowering the threshold will result in bad RSTD a@oy. Thus the
threshold setting would needs to be carefully bzddn

Looking at the number of detected cells in theed&éht cell list cases, it can be seen that the celte are detected with
larger cell list, as could be expected. The maxirmumber of detected cells is limited in averag8i®8 cells which
is achieved by leaving out the cells with receipedver under -30dB respect to the thermal noiseobabnsideration.
This is done to reduce the complexity of the sirtiofes since it is not possible to receive thosekaeslls in practice
anyway. When comparing different cell list sizelscan be seen that 57, 24 and 18 cell list havelynemual
performance when considering the higher threshetiihgs> 12dB. With slightly lower threshold setting, these with
57 cells in the list has much higher number ofs;eNhile 24 and 18 cell lists are nearly equal, &ncklls starts to
saturate.

Similarly, when considering the number of differedgtected sites, there is no significant differebedween the
average number of detected sites between 57, 24l&rnzkll list case at higher thresholdsl2dB. Again at lower
thresholds the results start to differ betweeneddiit cases. It should be noted that, as can mefsma Figure 1 to
Figure 3, that using too low thresholds (10 dBowrer) the number of erroneously detected cellscases.
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All results show that when higher number of PRSstsuare considered, more cells or sites can betddteTime
diversity provided by accumulating measurements avaltiple PRS bursts facilitates the detectiordifferent cells.

This also narrows the difference between the cases.
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Figure 4. Number of detected cells for the casg7ofells
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Figure 6 Number of detected cells for the case #f
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Figure 5. Number of detected sites for the cagerafells
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Figure 8. Number of detected cells for the casel®f
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Figure 10. Number of detected cells for the cas@ of
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Figure 9. Number of detected sites for the casel®f
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Figure 11. Number of detected sites for the case of
strongest cells

As noted in earlier discussion the threshold sgttias also effect to the RSTD accuracy. How muelstiwal benefit a
RSTD STD estimation and reporting would provide tioe network positioning algorithms would need &fhrther
assessed [3]. However as also noted cross coarlpgaks may result in errors when weak cells aresidered, it
would seem practical to consider reasonably lowefalarm probability (e.g. high threshold) to preveegative
implications. This is also shown when comparinguFég18 and Figure 19 in the Annex A. To furtherleate the
impact of different neighbour cell list sizes, thebability of detecting equal number or more tl3aor 5 sites was
studied for few thresholds. Selected thresholdsewledB, 14dB and 16dB. Based on Figure 2 and Figutleese
thresholds should give sufficiently good RSTD aecyreven for 5 cells.

Figure 12 to Figure 17 give the probability for elttng>3 or >5 sites with different false alarm thresholds inAEP
3kmh and ETU 30kmh and also with either 1 PRS bor€g PRS bursts. As noted in earlier results ttudbability of
detecting more cells decreases as the threshaiatisased. Allowing more PRS burst to be used &b adetection,
improves the probability of detecting. As also shdvwy previous results, the probability of detecti®yor>5 sites is
practically equal for cell list sizes of 57, 24 alR] especially if 6 PRS bursts are considered.
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Portion of drops with =3 or =5 sites detected with FA threshold of 12dB in EPA 3kmh
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Figure 12. Probability of detectirgf or>5 sites with FA
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Portion of drops with =3 or =5 sites detected with FA threshold of 14dB in EPA 3kmh
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Figure 14. Probability of detectirk or>5 sites with FA
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Figure 16. Probability of detectirgf or>5 sites with FA

threshold of 16dB in EPA 3kmh

6 bursts, 5 sites

threshold of 12dB in ETU 30kmh

Figure 13. Probability of detectirk or>5 sites with FA
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Figure 15. Probability of detectirk or>5 sites with FA
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4. Conclusion

In this contribution we have presented system legsults for the RSTD accuracy. Simulation assuongtimainly
followed the ones given in [2] with little modifitans. Theoretical false alarm rate together wita RSTD mean
absolute errors were also presented and discuSystem level simulation results for four differeedl list sizes were
considered. Detected cells and sites were showa &mction of false alarm threshold in differentojpagation
conditions. Number of detected cells was showretdilgher with smaller false alarm threshold bupriaportion it was
shown that with higher false alarm threshold beR&TD accuracy is reached. When comparing detesites there
was no significant difference between different tist sizes with reasonably high threshold valu&sth smallest list
size and higher number of positioning subframe axdations nearly the same number of sites werectizteas when
detecting the whole list with one subframe.

Based on the results, two conclusions can be dr&wstly, using multiple PRS bursts improves thd detection
performance, as could be expected, and therefof& rREasurement period should be multiple of PRSgieities as
proposed earlier. Number of periodicities (burstensidered in this contribution was 6. This woukkm as a
reasonable value, although further verification lddoe needed once the false alarm probability edlaliscussion has
been concluded. Secondly it was shown that in teomsletecting different sites reliably, there isagtically no
difference with the maximum considered neighbour lcst of 24 [5] and 18. Thus to reduce the UE qiexity it is
proposed to limit the assistance information omrsured cells.
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Annex A. Additional results

Figure 18 and Figure 19 show the number of deteméld for 57 cell list with two assumptions. Irgkie 18 all the
peaks exceeding the false alarm threshold are adenesl as cells and not additional filtering is daimilarly as shown

in Figure 5. In Figure 19 the same statistics &otqd in slightly different manner, so that onhose cells which RSTD
estimate is within +5F; of the ideal timing are accounted as cells. Itlbarseen that especially at the lower thresholds
the amount of sites detected is dramatically desgd. This also highlights the fact that if theetiold is used for
judging a cell to correct, it should not be set lme.
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Figure 18. Number of detected sites for the cader of

cells(re-plot of Figure 5)
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Figure 19. Number of detected sites within E58f the

ideal timing for the case of 57 cells
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