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1. Introduction

In [3], it was argued that the signal levels in the RSTD accuracy tests must be carefully chosen so as to ensure sufficient UE receiver performance to guarantee that the system requirements such as FCC E-911 [1] can be met by a UE implementation. Results for long-term C/I (assuming reuse 1) were presented and Ês/Noc and relative frame timing settings necessary to ensure reliable UE performance for > 95% UE drops  can be met were derived from the simulation results. In this contribution, a slightly different approach is taken and more system simulation results are provided. Based on these results, some proposals for setting Ês/Noc and relative frame timing for link simulations and tests are made.  
2. Discussion

The UE tries to detect PRS signals from different cells and attempts to estimate TDOA for the detected cells. The UE can rank these cells either based on the received signal strength or based on received signal quality according to the following options.
R1) UE measures PRS received signal level and ranks cells in order of decreasing signal strength   prior to reporting.
R2) UE measures PRS SINR and ranks cells in order of decreasing SINR prior to reporting.
R1 is easier to implement while R2 is more difficult. R2 further depends on whether the UE processing tries to estimate just the first/strongest path or the channel. Also, both R1 and R2 are made difficult due to inaccurate estimation resulting from 
a) low signal levels/SINRs (given that the UE reports up to 24 cells) and 
b) strong serving cell interference (cells that are farther away are the ones that suffer from strong serving cell interference).

Issue b) is significant whether or not the serving cell and the target cell have overlapping PRS patterns or not as the CP length for normal CP deployments is about 4.7 us. For reporting 24 cells, the UE would need to detect cells from two times ISD or more (e.g., inner two rings assuming a regular hexagonal deployment). Therefore, for an ISD of 1 km, this means the UE has to detect target cells that have a relative frame timing difference 6.7 us (= 2 x 1000/3e8). Even when there is perfect synchronization between eNBs and when the PRS patterns are non-overlapping, the orthogonality between the signals is lost when they arrive at the UE receiver. In order that a UE receiver can report reliable OTDOA estimates and to guarantee UE location within 150 m for more than 95% of UE drops in a cell, it is necessary to ensure that the UE receiver performance does not degrade when relative frame timing between the serving and the target cells is larger than CP length at the appropriately chosen SINR. 
In the next section, we provide some simulation results to quantify this issue and make some proposals.
3. SINR and Relative Frame Timing
Some definitions are in order. 
PRS_SINR = PRS signal to noise ratio assuming interference from only those cells whose PRS patterns overlap with the target cell and from thermal noise. The processing gain due to the wideband signal (as observed both in time-domain correlation and in frequency-domain processing) is not considered. However, the fact that there is 1/6 reuse in PRS design is automatically built into this definition. Further, for computing the SINR, it is assumed that the signals are perfectly time aligned. Therefore, in other words, PRS_SINR represents the geometry (or long-term C/I) taking into account the 1/6 reuse.
PRS_RX_LEV = received PRS signal level for the target cell (say, in dBm).

TDOA = frame timing difference between the target cell and the serving cell assuming all eNBs are  perfectly synchronized.
3.1 SINR with R2 Criterion

Assuming a genie-aided receiver that can estimate the PRS_SINR accurately and rank order the cells as per R2, the distribution function of PRS_SINR for the best 8 cell sites (i.e., the cell with the largest PRS_SINR from each cell site is chosen) are shown in Figure 1 for Case 3 [2] where ISD = 1.7 km. 
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Figure 1 – Distribution function of PRS_SINR for the best 9 cell sites with ranking criterion R2
The first best cell site corresponds to the serving cell. The 5%-tile PRS_SINR points for the second and the third best sites are 1 dB and -3 dB respectively. 
It was observed in the simulations that only a small fraction (< 0.5%) of the UE drops have the second and the third best cell sites that have an overlapping PRS pattern with the serving cell. 
3.2 SINR with R1 Criterion

When the cell sites are ranked according to received PRS power or PRS_RX_LEV (i.e., ranking criterion R1), the distribution of PRS_SINR for the best 8 sites are as shown in Figure 2 for Case 3.  The 5%-tile PRS_SINR points for the second and the third best sites are -19 dB and -24 dB respectively. These levels are much lower than the corresponding PRS_SINR points when ranking criterion R2 is used. Therefore, depending on how accurately the UE can estimate the PRS_SINR and rank the cell sites, the expected PRS_SINR for 5% of the UE drops can be within the range [-19 dB, 1 dB] or lower for the second best site and [-24 dB, -3 dB] or lower for the third best site.
When R1 was used for ranking, there was an overlap for 6.3% UE drops for the second best cell site relative to the serving cell and for 12.7% UE drops for the third best cell site relative to the serving cell.
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Figure 2 – Distribution function of PRS_SINR for the best 9 cell sites with ranking criterion R1
3.3 PRS_RX_LEV and TDOA Joint Statistics
It was noted earlier and in [3] that poor geometry and large TDOA are correlated. To explore this further, in Table 1 and Table 2, we show that probability that for a UE drop, the TDOA exceeds a certain multiple of the CP length (i.e., X times CP length, where one CP length is 4.7 us), and PRS_RX_LEV for the target cell is below the PRS_RX_LEV for the serving cell by Y dB for the second and the third best cells respectively when ranked according to R2. Note that when cell sites are ranked according to R1, the TDOA for the second best site is within 5.7 us (= ISD/3e8) relative to the serving cell site (c.f. distribution function plot in Figure 3 in Appendix where it can be observed that less than 1% UE drops have a TDOA above CP for the second best site). However, when R2 is used, the second best site according to R2 is outside of the second ring for 12.8% of the UE drops and the third best site is outside of the second ring for 21.4% of the UE drops. This is attributed to the reuse-6 in the PRS pattern design and the planned deployment assumed in the simulations.
	percentage
	Y = -40 dB
	X = -35 dB
	X = -30 dB
	X = -25 dB
	X = -20 dB

	X = 0
	4.5
	6.1
	11.8
	18.4
	25.6

	X = 0.5
	3.2
	5.9
	11.2
	17.0
	24.8

	X = 1
	2.1
	5.6
	10.4
	15.3
	19.7

	X = 1.5
	0.9
	3.2
	4.2
	6.2
	6.0

	X = 2
	0.5
	1.6
	2.8
	4.2
	5.8

	X = 2.5
	0.1
	0.2
	0.4
	0.6
	0.7


Table 1 -  Prob(TDOA > X*CP_length and (PRS_RX_LEVtarget - PRS_RX_LEVserving) < Y) for the second best cell when R2 is used for ranking
	percentage
	Y = -40 dB
	X = -35 dB
	X = -30 dB
	X = -25 dB
	X = -20 dB

	X = 0
	6.2
	9.3
	14.3
	21.5
	30.7

	X = 0.5
	5.1
	8.9
	13.5
	20.4
	29.5

	X = 1
	4.8
	8.5
	12.8
	19.6
	27.2

	X = 1.5
	1.5
	5.2
	5.8
	8.0
	11.1

	X = 2
	1.2
	3.2
	5.2
	7.2
	9.0

	X = 2.5
	0.3
	0.7
	1.8
	2.3
	2.7


Table 2 -  Prob(TDOA > X*CP_length and (PRS_RX_LEVtarget - PRS_RX_LEVserving) < Y) for the third best cell when R2 is used for ranking
When ranking criterion R2 is used, in order to ensure that a particular UE implementation performs well at over 95% of the UE drops, it is necessary to test UE performance at some sample points (X, Y) where TDOA > X*CP_length and (PRS_RX_LEVtarget- PRS_RX_LEVserving) < Y such that the associated UE drop probability with such points is below 5% (with respect to Table 1 and Table 2). For the second best site, some such (X, Y) pairs are (1, -40) and (1.5, -30). For the third best site, some such pairs are (1.5, -40) and (2, -35). 

The joint distribution statistics for the case when ranking criterion R1 is used is provided in the Appendix. It can be observed from Table 3 that the second best site has TDOA relative to the serving cell within CP for > 95% of the UE drops such that PRS_SINR is greater than -20 dB. Similarly from Table 4, the third best site has TDOA relative to the serving cell within CP for > 95% of the UE drops such that PRS_SINR is greater than -25 dB.
3.4 Setting Signal Levels Based on SINR Statistics
With either criterion for ranking – R1 or R2 – it is clear that >95% of the UE drops have TDOA for the second and third best site within 1.5*CP and 2*CP respectively relative to the serving cell.

If R2 is used, the difference between the target cell and serving cell received power levels is within 30 dB for the second best site and within 35 dB for the third best site for >95% of the UE drops (corresponding to TDOA greater than or equal to 1.5*CP and 2*CP respectively).
Since Cell 2 models the second best site and Cell 3 models the third best site, we can set Ês/Noc = (Z dB, Z-30 dB, Z-35 dB) and the relative frame timing to (0, 1.5*CP, 2*CP), where CP = 4.7 us for the triplet (Cell1, Cell 2, Cell 3). 

Selecting Z = 25 dB results in Cell 3 Ês/Noc = -10 dB which guarantees that at least 4 cell sites (including the serving cell site) can be detected for >95% of the UE drops with ranking criterion R2 (from Figure 1) whether or not the PRS patterns for the neighbor cells overlap with that of the serving cell. 

When the PRS patterns for Cell 2 and Cell 3 do not overlap, the selected Ês/Noc is also the detection SINR for PRS when the sum of TDOA between the different cells and the channel delay spread is within CP. Therefore, the test case of the non-overlapping PRS pattern case can be summarized as follows.
Test case 1 (synchronous - non-overlapping PRS patterns): Cell 1, Cell 2 and Cell 3

PCIDs = (0, 1, 2)

Ês/Noc = (25 dB, -5 dB, -10 dB)

Relative frame timing = (0, 1.5*CP, 2*CP), where CP = 4.7 us.

Since R2 assumes that the neighbor cells can be precisely ranked based on their PRS_SINR, detectability of Cell 2 and Cell 3 under the above conditions correspond to minimum requirements that the UE receiver has to meet. As mentioned earlier, when ranking criterion R2 is used, a very small fraction of the UE drops result in the second and the third best sites with the same PRS pattern as the serving cell. On the other hand, when R1 is used, 6%-13% of UE drops have overlapping PRS pattern for the second and third best cell sites. In practice, being able precisely rank neighbor cells based on PRS_SINR as per R2 is difficult. Therefore, it would be desirable to have guaranteed receiver performance when the PRS patterns are overlapping and the PRS_SINR is low so as to make sure that the accuracy requirements are not tied to UE’s ability rank OTDOA estimates as per the signal quality or SINR. Referring to Table 3 and Table 4, for > 95% of the UE drops, TDOA is within CP and PRS_SINR is above -20 dB for the second best site and TDOA is within CP and PRS_SINR is above -25 dB. We can derive a test case for the overlapping PRS case by setting Ês/Noc = (Z dB, Z-20 dB, Z-25 dB). Note that the detection SINR for Cell 2 and Cell 3 are slightly lower than (Z-20) dB and (Z-25) dB. One straightforward option is set Z = 25 as before to obtain the following test case.
Test case 2 (synchronous - overlapping PRS patterns): Cell 1, Cell 2 and Cell 3

PCIDs = (0, 6, 12)

Ês/Noc = (25 dB, 5 dB, -0 dB)

Relative frame timing = (0, CP, CP), where CP = 4.7 us.

To summarize, the signal conditions resulting from ranking criterion R2 were used for deriving “Test case 1” and that for R1 were used for deriving “Test case 2”.
4. Partially Aligned Case

In the partially aligned case, the PRS orthogonality is mostly lost as the time offset between eNBs that is of the order of several OFDM symbols and there is no subframe/symbol alignment. Therefore, reuse 1 SINR results (e.g., [3]) should be made use of in setting the Ês/Noc levels. However, to begin with, the results from Table 1 and Table 2 can be made use for selecting the appropriate relative Ês levels as below. Frame timing offsets of 250 us and 450 us for Cell 2 and Cell 3 relative to Cell 1 are chosen so that there is at least a half subframe overlap between the PRS subframes from any two cells and there is no symbol alignment between any two cells for any of the PRS-bearing OFDM symbols.
Test case 3 (partially aligned - non-overlapping PRS patterns): Cell 1, Cell 2 and Cell 3

PCIDs = (0, 1, 2)

Ês/Noc = (25 dB, -5 dB, -10 dB)

Relative frame timing = (0, 250 us, 450 us).

Test case 4 (partially aligned - overlapping PRS patterns): Cell 1, Cell 2 and Cell 3

PCIDs = (0, 6, 12)

Ês/Noc = (25 dB, 5 dB, 0 dB)

Relative frame timing = (0, 250 us, 450 us).

5. Some Practical Considerations

The recommendations in this contributions were made based on Case 3 (ISD = 1.7 km) results. The current test framework allows for checking UE reporting accuracy for only two neighbor cells which also constitutes the minimum reporting set necessary for triangulation. Several wrinkles that have not been addressed so far are as follows.
· It has been assumed that the UE has a genie-aided receiver to enable it to rank the best neighbor cells accurately according to PRS_SINR for some of the test cases. Therefore, both the false reporting probability (i.e., the probability of the event that the UE reports a cell as “detected” even when the signal is not present due to serving cell leakage) and the necessary implementation margin should be studied.

· The results presented are for Case 3 (ISD = 1.7 km). Larger ISD results in more severe low PRS_SINR/large TDOA problem and as a result more stringent testing might be necessary if > 95% system-level accuracy is desired using downlink OTDOA in networks with larger ISD. The test framework with 3 cells only guarantees reliable reporting of the best two neighbors. But, in practice, the best two neighbor cells and the serving cell may be collinear (i.e., all three cells are on a straight line) where triangulation is not possible and additional information may be necessary. So, testing of UE’s capability to report more than 2 cells should be considered. However, in lieu of Rel-9 timeframe and the test complexity involved, the current setup of 3 cells with Cell 1, Cell 2 and Cell 3 where the UE is expected to report Cell 2 and Cell 3 is a reasonable goal for Rel-9. 
6. Conclusions

This contribution provided simulation results for a Case 3 deployment and discussed some approaches for mapping the FCC E-911 system requirements for OTDOA accuracy into the corresponding UE link level requirements. Based on this, the following four test cases were proposed.

Test case 1 (synchronous - non-overlapping PRS patterns): Cell 1, Cell 2 and Cell 3

PCIDs = (0, 1, 2)

Ês/Noc = (25 dB, -5 dB, -10 dB)

Relative frame timing = (0, 1.5*CP, 2*CP), where CP = 4.7 us.

Test case 2 (synchronous - overlapping PRS patterns): Cell 1, Cell 2 and Cell 3

PCIDs = (0, 6, 12)

Ês/Noc = (25 dB, 5 dB, 0 dB)

Relative frame timing = (0, CP, CP), where CP = 4.7 us.

Test case 3 (partially aligned - non-overlapping PRS patterns): Cell 1, Cell 2 and Cell 3

PCIDs = (0, 1, 2)

Ês/Noc = (25 dB, -5 dB, -10 dB)

Relative frame timing = (0, 250 us, 450 us).

Test case 4 (partially aligned - overlapping PRS patterns): Cell 1, Cell 2 and Cell 3

PCIDs = (0, 6, 12)

Ês/Noc = (25 dB, 5 dB, 0 dB)

Relative frame timing = (0, 250 us, 450 us).

It is proposed that RAN4 consider these recommendations both for link simulations and for test case specification.
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8. Appendix
The joint distribution of PRS_SINR and TDOA for different cells when ranking criterion R1 is used is shown in Table 3 and Table 4 respectively for the second best site and the third best site respectively.
	percentage
	Y = -35 dB
	Y = -30 dB
	Y = -25 dB
	Y = -20 dB
	Y = -15 dB
	Y = -10 dB

	X = 0
	0.6
	1.3
	2.4
	3.9
	6.2
	9.8

	X = 0.5
	0.56
	1.1
	2.3
	3.8
	6.1
	9.6

	X = 1
	0.5
	1.0
	2.2
	3.7
	5.7
	7.8

	X = 1.5
	0.2
	0.4
	0.6
	0.7
	0.7
	0.9

	X = 2
	0.1
	0.2
	0.2
	0.2
	0.4
	0.5

	X = 2.5
	0
	0
	0
	0
	0
	0


Table 1 -  Prob(TDOA > X*CP_length and PRS_SINRtarget < Y) for the second best cell when R1 is used for ranking
	percentage
	Y = -35 dB
	Y = -30 dB
	Y = -25 dB
	Y = -20 dB
	Y = -15 dB
	Y = -10 dB

	X = 0
	1.5
	2.5
	4.2
	7.3
	11.5
	18.5

	X = 0.5
	1.3
	2.3
	4.0
	7.2
	11.2
	18.4

	X = 1
	1.2
	2.1
	3.9
	6.9
	10.7
	16.1

	X = 1.5
	0.5
	0.6
	0.7
	0.9
	1.5
	2.1

	X = 2
	0.4
	0.5
	0.6
	0.8
	0.9
	1.1

	X = 2.5
	0
	0
	0
	0
	0
	0


Table 2 -  Prob(TDOA > X*CP_length and PRS_SINRtarget < Y) for the third best cell when R1 is used for ranking

Some of the pairs (X, Y) that correspond to less than 5% UE drop probability for the second best site are (1, -20), (1.5, -15) and (1.5, -10). For the third best site, they are (1, -25), (1.5, -15) and (1.5, -10). Therefore, the second best site and the third best site have TDOA within CP and 1.5*CP respectively relative to the serving cell for > 95% of the UE drops.

Figure 3 shows the distribution function for the best 8 cell sites when ranking criterion R1 is used.
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Figure 3 -  TDOA for the best 8 neighbor sites relative to the serving cell when cells are ranked according to R1 (X-axis is in multiples of CP length, where CP = 4.7 us)
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