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1. Introduction

Link simulation results for RSTD accuracy for 2 of the 4 simulation cases proposed in [1] (as copied below) are provided in this contribution.
[Test case 1] PCID = (0, 1, 2),  Ês/Noc = (25 dB, -5 dB, -10 dB) and relative frame timing =  (0, 1.5*CP, 2*CP), where CP = 4.7 us

[Test case 2] PCID = (0, 6, 12),  Ês/Noc = (25 dB, 5 dB, 0 dB) and relative frame timing =  (0, CP, CP), where CP = 4.7 us

These test cases (i.e., TC #1 and TC #2) correspond to the synchronous deployment. In the simulations, a neighbor cell is considered to be detected if the first path (defined as the earliest path that is received above a certain power level below the maximum path power) is above a certain threshold. Since the detection threshold determines the false alarm rate, OTDOA accuracy is reported taking into account ALL estimation attempts. Since the results reported in the simulation campaign will ultimately be used for setting the accuracy limits both for core requirements and tests (i.e., in testing whether a UE can report OTDOA within a certain accuracy range at least 90%/95% of the time before TBD seconds have elapsed), it is important to consider the event that the UE cannot detect a target cell reliably and the event that the UE sends false reports corresponding to cells not within the UE reception range. 

If failure to detect is not captured in the OTDOA accuracy results and tests, the simulations/tests are not meaningful as a UE may report OTDOA for target cells, say, only 60% of the time (i.e., the UE sends a report only when it believes that the OTDOA estimates are of high quality) and still pass the tests. 
If the UE reports a neighbor cell even when it is not within the DL reception range of that neighbor, it is then a “false” report. False reports can severely limit the ability of the location server especially when the reports are persistent. In LTE Rel-9, the neighbor cell list (NCL) size is 24 and the eNB typically includes a neighbor cell in the NCL because the UE may be in the DL reception range of that neighbor and the eNB does not know a priori whether or not the UE can hear that neighbor cell. As a result, if a UE falsely “detects” a neighbor repeatedly even when it is not in the DL reception range of that neighbor cell, the location server has no way of identifying that the TDOA report is spurious. It has no option other than to include this report in its position coordinate computation which results in degradation of positioning accuracy. Therefore, checking for UE false reporting is equally important in the tests. In the sequel, the number of false reports is defined as the number of cells other than Cell 2 or Cell 3 in the NCL that pass the detection threshold criterion and get reported. As the size of NCL is 24, the mean number of false reports (MNFR) is bounded as 0 <= MNFR <= 22, as there are 22 cells other than Cell 2 and Cell 3 in the NCL. MNFR is computed in the simulations by running a large number of detection attempts.
The RSTD accuracy requirements should therefore check if the UE reports neighbor cells simultaneously with 

i) MNFR < A, and

ii) absolute RSTD error < B*Ts

at least 95% of the time ensure that target system level requirements can be met. This requirement ensures that the probability of “correct” detection is above 95%.
In this contribution, we first investigate the feasibility of setting suitable detection thresholds for simultaneously achieving high detection rate and low MNFR. It is observed that, in the synchronous case, setting a suitable threshold is rendered somewhat difficult due to large serving cell interference in the absence of autonomous muting. There is at the present no consensus on whether or not autonomous muting is necessary for the synchronous case. Whether or not the eNBs actually implement autonomous muting, the UE still must blindly detect the presence/absence of PRS in each PRS subframe before it can perform coherent/non-coherent processing of the signal. In other words, there is no signaling to the UE to indicate whether or not autonomous muting is employed in the network. As a result, the UE must assume that autonomous muting “may” be employed in the network and process the signal accordingly. It is shown in this contribution that autonomous muting can be used to improve the performance of location estimation even in the synchronous case due to the improved hearability arising out of availability of PRS occasions that are free of serving cell interference. Furthermore, the problem of setting suitable detection thresholds in a synchronous deployment is simplified with the use of autonomous muting. 
All simulation results in this contribution correspond to the synchronous deployment. Simulation results for the case without muting are presented in Section 2. In Section 3, we present simulation results when the eNB’s implement autonomous muting.

2. Synchronous case – no autonomous muting
As indicated earlier, even if autonomous muting of the PRS is not employed by the network, the UE must perform blind muting detection on a subframe by subframe basis.  Thus, all of the simulations in this section and the next reflect this requirement that the UE determine which of the subframes, if any, contain PRS transmissions for the given PCID of interest. In the following, results are presented separately for test case #1 and test case #2. The simulation assumptions proposed in [1] are used in these simulations with a few exceptions
. The results are based on at least 1000 detection attempts. The number of consecutive subframes over which PRS is configured for transmission is N1 = 4 and the number of PRS occasions used by the UE to estimate the TDOA is N2 = 1, 3, 6. Non-coherent accumulation of signal power is performed across different PRS subframes (consecutive or non-consecutive). The PRS transmission interval is 160 ms (i.e., N1 = 6 PRS subframes are configured for PRS transmission once every 160 ms). A search window size of +/- 10 us was used.
2.2  Test case #1 (overlapping PRS)
The detection rate for test case #1 for Cell 2 and Cell 3 are shown in Figure 1.1 and Figure 1.2 respectively for AWGN and ETU 3 kmph for different values of the detection threshold. The MNFR for AWGN and ETU 3 kmph are shown in Figure 2.1 and Figure 2.2, respectively.
From the figures, the detection threshold must be below -110 dBm for a detection rate > 95%, while the threshold must be above -107 dBm for MNFR = 3 which happens to be minimum that can be reached for the range of thresholds considered. The detection rate drops off rapidly with increasing detection threshold in the range -110 dB to -100 dB for AWGN. Therefore, it appears that a higher MNFR must be tolerated if a detection rate > 95% is desired. 

The reason why the minimum MNFR is equal to 3 is as follows. The NCL contains the PCID list 1—23 [1]. Due to large serving cell interference, the template signals corresponding to PCID #6, #12, #18 have a non-trivial cross-correlation with the received signal as they have an overlapping PRS pattern relative to serving cell (recall that serving cell has PCID #0). As a result, the measurements for these cells pass the detection threshold criterion and are reported.
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Figure 1.1 – Detection rate for TC#1 for AWGN
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Figure 1.2 – Detection rate for TC#1 for ETU 3 kmph
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Figure 2.1 – MNFR for TC#1 for AWGN
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Figure 2.2 – MNFR for TC#1 for ETU 3 kmph




2.2 Test case #2 (non-overlapping PRS)
The detection rate as a function of detection threshold for test case #2 for Cell 2 and Cell 3 are shown in Figure 3.1 and Figure 3.2, respectively, for AWGN and ETU 3 kmph. The MNFR for AWGN and ETU 3 kmph are shown in Figure 4.1 and Figure 4.2, respectively.

From the figures, the detection threshold must be below -100 dBm for a detection rate > 95%, while the threshold must be above -105 dBm for a MNFR = 1. Due to large serving cell interference, the template signal corresponding to PCID #18 has a non-trivial cross-correlation with the received signal as this signal has an overlapping PRS pattern relative to serving cell (the PRS frequency offset is the same for the serving and neighbor cells)..
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Figure 3.1 – Detection rate for TC#1 for AWGN
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Figure 3.2 – Detection rate for TC#1 for ETU 3 kmph
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Figure 4.1 – MNFR for TC#1 for AWGN
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Figure 4.2 – MNFR for TC#1 for ETU 3 kmph




2.3  RSTD accuracy for test case #1 and test case #2
We next present results on RSTD accuracy. 
Some insights can be gained from the results presented earlier. 
· The detection threshold must be set based both on the serving cell received power level (especially when the neighbor cell being detected has an overlapping PRS pattern relative to the serving cell) and on the noise floor.
· To ensure that the maximum number of neighbor cells are detected with high reliability and to keep MNFR low, the detection thresholds for neighbor cells with an overlapping PRS pattern relative to the serving cell must be different (i.e., higher) than that for neighbor cells that have a non-overlapping PRS pattern.

As indicated earlier, a detection threshold equal to or below -110 dB is necessary to ensure a sufficiently high detection rate for test case #1 (non-overlapping case), but the MNFR can be large for detection thresholds in this range. For test case #2 (overlapping case), a detection threshold equal to -100 is necessary to ensure that the detection rate is close to 100% while MNFR is low. 

Therefore, the following thresholds are chosen:

· detection threshold = -110 dBm for PCIDs resulting in non-overlapping PRS pattern relative to serving cell

· detection threshold = -100 dBm for PCIDs resulting in overlapping PRS pattern relative to serving cell.
Figure 5.1 and Figure 5.2 show the distribution function for absolute RSTD error for N2 = 1, 3, 6 for test case #1 using the above-mentioned thresholding approach for AWGN and ETU 3 kmph respectively. The MNFR for both cases are shown below the respective plots. The accuracy results correspond to ALL detection attempts and not just those attempts that are successful. The MNFR is quite high for the chosen thresholds. It can be noted that for Cell 2, N1 = 1 is not sufficient to achieve an accuracy of 150*Ts with higher than 95% reliability for ETU 3 kmph. Increasing N2 to 3 alleviates this problem. However, for Cell 3, it is difficult to achieve an accuracy of 150*Ts even with an accumulation of N2 = 6 (which corresponds to a measurement duration of 6*160 ms ~ 1 second).  
Figure 5.3 and Figure 5.4 show the distribution function of the RSTD absolute error for test case #2 for AWGN and ETU 3 kmph respectively. For both cases, MNFR = 1 for all values of N2. Clearly, the accuracy is poor for both Cell 2 and Cell 3 irrespective of whether or not N2 > 1. There does not seem to be a simple approach for achieving good accuracy (say, within 10*Ts with >95% reliability) for the overlapping case for the power levels defined in test case #2.
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Figure 5.1 – abs. RSTD error for TC#1 for AWGN

MNFR = 15.7, 15.6, 15.6 for N2 = 1, 3, 6
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Figure 5.2 – abs. RSTD error for TC#1 for ETU 3 kmph

MNFR = 8, 4, 2 for N2 = 1, 3, 6
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Figure 5.3 – abs. RSTD error for TC#2 for AWGN

MNFR = 1, 1, 1 for N2 = 1, 3, 6
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Figure 5.4 – abs. RSTD error for TC#2 for ETU 3 kmph

MNFR = 1, 1, 1 for N2 = 1, 3, 6



3. Synchronous case – with autonomous muting

As per the current RAN1 agreements [TS 36.213, Section 5.2]: “A UE may assume that downlink positioning reference signal EPRE is constant across the positioning reference signal bandwidth and across all OFDM symbols in a subframe that contain positioning reference signals.”. This was introduced into the text to allow eNBs to autonomously mute PRS transmissions in order to improve the hearability of the PRS transmitted by neighboring cells (the hearability of he neighbor cell PRS is improved when the serving cell PRS is muted). 
In this section, we present simulation results based on the following additional assumptions.
· eNBs implement muting patterns in accordance with [2]
 such that each eNB transmits PRS on 2 subframes out of N1 = 4 subframes configured for PRS transmission.
· UE is not aware of muting patterns for the eNBs.
· UE performs blind detection of serving cell muting. It takes a measurement for the neighbor cell on only those PRS subframes for which it determines that the serving cell is muting the PRS. This muting detection is implemented via a simple thresholding operation: the serving cell is muting if PRS received power level is below (serving cell RSRP – 28 dB). Since the serving cell power level = -72 dBm in the simulations, this criterion is equivalent to a serving cell threshold of -100 dBm.
· As indicated earlier, when multiple PRS subframes are used for TDOA estimation, PRS power of neighbor cells is coherently accumulated within the subframe and is non-coherently accumulated across the multiple PRS subframes.
3.1  Test case #1 (overlapping PRS)
The detection rate for test case #1 for Cell 2 and Cell 3 are shown in Figure 6.1 and Figure 6.2, respectively, for AWGN and ETU 3 kmph as a function of the detection threshold. The MNFR for AWGN and ETU 3 kmph are shown in Figure 7.1 and Figure 7.2, respectively.

From the figures, the detection threshold must be below -120 dBm for a detection rate > 95%, while the threshold must be above -120 dBm for a MNFR < 0.1%. Therefore, it is feasible to set a detection threshold at -120 dBm which simultaneously achieves a very high detection rate and a low MNFR.
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Figure 6.1 – Detection rate for TC#1 for AWGN
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Figure 6.2 – Detection rate for TC#1 for ETU 3 kmph
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Figure 7.1 – MNFR for TC#1 for AWGN
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Figure 7.2 – MNFR for TC#1 for ETU 3 kmph




3.2  Test case #2 (non-overlapping PRS)
The detection rate for test case #1 for Cell 2 and Cell 3 are shown in Figure 8.1 and Figure 8.2, respectively, for AWGN and ETU 3 kmph as a function of the detection threshold. The MNFR for AWGN and ETU 3 kmph are shown in Figure 9.1 and Figure 9.2, respectively.

From the figures, the detection threshold must be below -110 dBm for a detection rate > 95%, while the threshold must be above -110 dBm for a MNFR < 0.1%. Therefore, it is feasible to set a detection threshold at -110 dBm which simultaneously achieves a very high detection rate and a low MNFR.
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Figure 8.1 – Detection rate for TC#1 for AWGN
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Figure 8.2 – Detection rate for TC#1 for ETU 3 kmph
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Figure 9.1 – MNFR for TC#1 for AWGN
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Figure 9.2 – MNFR for TC#1 for ETU 3 kmph




3.3  RSTD accuracy for test case #1 and test case #2
Similar to the previous case, different thresholds can be chosen for different neighbor cells based on whether or not the cell’s PRS pattern overlaps with that of the serving cell. The following thresholds are chosen:

· detection threshold = -120 dBm for PCIDs resulting in non-overlapping PRS pattern relative to serving cell

· detection threshold = -110 dBm for PCIDs resulting in overlapping PRS pattern relative to serving cell.
Using this thresholding method, the distribution function of the absolute RSTD error for test case #1 for N2 = 1, 3, 6 is shown in Figures 10.1 and 10.2, respectively, for the AWGN and ETU 3 kmph channels. The MNFR for both cases are shown below the respective plots. As before, the accuracy results correspond to ALL detection attempts and not just those attempts that are successful. The MNFR is approximately 0.013 for AWGN with N2 = 1, but is otherwise (N2 > 1 and/or ETU3 kmph) less than 0.01. For both Cell 2 and Cell 3, an accuracy of 10*Ts can be achieved with greater than 95% reliability for both AWGN and ETU 3 kmph for all values of N2. 

Figures 10.3 and 10.4 show the distribution function of the absolute RSTD error for test case #2 for AWGN and ETU 3 kmph, respectively.  The MNFR is less than 0.01 for both cases for all values of N2. For both Cell 2 and Cell 3, an accuracy of 10*Ts can be achieved  for all values of  N2 with greater than 95% reliability for both the AWGN and ETU 3 kmph channels. 
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Figure 10.1 – abs. RSTD error for TC#1 for AWGN

MNFR = 0.013, 0, 0 for N2 = 1, 3, 6
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Figure 10.2 – abs. RSTD error for TC#1 for ETU 3 kmph

MNFR = 0.0022, 0, 0 for N2 = 1, 3, 6
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Figure 10.3 – abs. RSTD error for TC#2 for AWGN

MNFR = 0.0089, 0, 0 for N2 = 1, 3, 6
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Figure 10.4 – abs. RSTD error for TC#2 for ETU 3 kmph

MNFR = 0, 0, 0 for N2 = 1, 3, 6


4. Discussion
The following three observations can be made based on the results presented so far.

1. Even extremely relaxed accuracy requirements (of say, even 150*Ts) cannot be met for the overlapping case (i.e., test case #2) without autonomous muting. Conversely, with autonomous muting, an accuracy of 10*Ts can be achieved with greater than 95% reliability even when the measurement is performed over just one PRS occasion (N2 = 1) due to the improved PRS hearability (i.e., by avoidance of serving cell interference). 

2. Different thresholds are necessary for different cells in the NCL depending on whether or not the PRS patterns for these PCIDs overlap with the PRS pattern of the serving cell. Essentially, two thresholds were adopted in the simulations -- one threshold was used for PCIDs with an overlapping PRS pattern relative to the serving cell while a second threshold was used for PCIDs with non-overlapping PRS pattern.  With these two thresholds, it was possible to achieve high detection reliability and low MNFR with use of autonomous muting of the PRS.

3. In order to maximize the number of cells that can be detected, it would be desirable to use lower detection thresholds when autonomous muting is enabled. As indicated earlier, autonomous muting creates opportunities for the UE receiver to measure PRS from neighbor cells without interference from the serving cell. If measurements are made only when the serving cell is muting the PRS, a much lower detection threshold (say, a threshold below the noise floor) can be used than would be possible in a system in which autonomous muting is not employed and TDOA measurements cannot be taken without interference from the serving cell
These observations, specially 1) and 3), indicate that the UE can optimize its detection strategy and its performance if it knows whether or not autonomous muting is enabled in the system. Although there is no consensus on the need for autonomous muting with synchronous deployments, the results presented in this contribution clearly demonstrate that the UE processing can be significantly simplified if autonomous muting is enabled.  With the use of autonomous muting, reliable neighbor cell detection and accurate RSTD measurements can be achieved even when the target neighbor cell is several tens of dB below the serving cell power and the neighbor cell PRS overlaps with that of the serving cell.  Furthermore, this performance can be achieved without the need for the UE to implement complex algorithms such as serving cell cancellation.  An additional benefit of PRS muting is that it can be used to address the dynamic range limitations on measurements that can occur when measuring a weak neighbor cell while in the presence of a very strong signal from the serving cell (for example, UE close to serving cell, RSRP >= -50 dBm, all neighbor cells are below -80 dBm in power). 

It may also be noted that autonomous muting is very likely necessary for the partially-aligned case in at least some of the lower BW configurations (e.g., 1.4 MHz, 3 MHz, etc.).
For the above reasons, it is necessary to ensure that the UE operation in the presence of autonomous muting is thoroughly tested. Such testing would ensure that network operators can use autonomous muting as a technique to enhance the hearability of neighboring cells, especially when the cell inter-site distance is on the order of 1 km or larger. Autonomous muting can be tested by selecting N2 > 1 where N2 is the number of consecutive subframes configured for PRS transmission in the test.  The eNBs could then be configured to transmit/mute the PRS transmissions either pseudo-randomly or according to some pre-defined pattern. In this test, it would be necessary for the UE to blindly detect the presence or absence of the PRS transmission in the serving and neighbor cells.
5. Conclusions

RSTD accuracy results for the synchronous case were presented in this contribution. The difficulty in setting suitable detection thresholds for neighbor cells in the absence of autonomous muting was shown. It was also shown that with autonomous muting, the selection of the detection threshold is greatly simplified and UE implementations can achieve very high detection reliability in combination with low MNFR values. The following observations can be made based on the results presented.
1. It would be desirable for the UE to know whether or not autonomous muting is enabled.

2. The UE operation in the presence of autonomous muting should be tested to ensure that the UE performs reliably if the network deployment has autonomous muting enabled.
It is proposed that RAN4 consider these observations in the RSTD accuracy specification work.
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� The simulation assumptions are as per [1] with the exception that receiver AGC dynamic range limitations or the eNB-eNB/eNB-UE frequency error are not modeled. One other exception is that the NCL list size was 23 instead of 24 with the PCID range 1-23 assumed to be signaled in the assistance data.


� [2] proposed muting patterns for eNBs based on PCID such that the 504 PCIDs are divided into (N, L)  muting pattern groups, where (N, L) is the “N choose L” function. N is set to N1 (i.e., the number of consecutive subframes configured for PRS transmission) and L = floor(N/2) to enable the maximum number of muting groups. In the simulations, this method is used for simplicity, although there is no mandate anywhere that these patterns be used in an implementation to pass the tests. In the simulations, Cell 2 and Cell 3 have muting patterns that are different from each other and different from the muting pattern of the serving cell, i.e., Cell 1.
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