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1. Simulation Assumptions
The simulation assumptions are aligned with [1] and [2] with a few exceptions as summarized in Table 1.
	Parameter
	Value

	PRS BW
	1.08 MHz, 10 MHz

	Search window size
	5 us

	Network synchronization
	Synchronous

	PRS occasion periodicity
	160 ms

	PRS Es/Iot for Cell 1 (serving) and Cell 2 (neighbor)
	-6 dB and -13 dB respectively

	PCID for Cell 1 (serving) and Cell 2 (neighbor)
	Set 1: (0, 1)

Set 2: (0, 6)

	Relative frame timing for Cell 1 (serving) and Cell 2 (neighbor)
	0 us and 2.5 us respectively

	NPRS (# of consecutive PRS subframes)
	NPRS = 6 for 1.08 MHz and 

NPRS = 1 for 10 MHz

	NNC (# of PRS occasions used for RSTD estimation)
	NNC = 1, 2, 4, 8, 12 for 1.08 MHz
NNC = 1, 2, 4 for 10 MHz

	Propagation channel
	Static, ETU 3 kmph

	Muting
	None

	Target false alarm rate
 (corresponding to search over all cells in NCL)
	15%

	Neighbor cell list (UE searches for neighbor cells only within the NCL)
	PCID range 1-16

	Subframe cyclic prefix
	Normal CP

	TxEVM
	6%

	eNB-UE clock synchronization error
	0.1 ppm @ 2 GHz carrier (clock drift not modeled)


Table 1 – Simulation assumptions
2. RSTD Accuracy
Table 2 and Table 3 summarize the 90%-tile RSTD error for static and ETU 3 kmph channels respectively. For the static channel, two cases were considered. In both cases, the phase of the received signal on the first receive antenna is independently chosen for Cell 1 and Cell 2. 
i) In the first case, the phase of signal received on the second receive antenna is randomized between different runs relative to phase of the signal received on the first receive antenna for both Cell 1 and Cell 2 (for each cell, the phase difference remains constant across NNC PRS occasions -- if non-coherent accumulation across multiple PRS occasions is used -- after which it is re-initialized)

ii) In the second case, the phase of signal received on the second receive antenna is the same as that on the first receive antenna for both Cell 1 and Cell 2.
	BW
	PCID set 1 (non-overlapping PRS patterns)
	PCID set 2 (overlapping PRS patterns)

	
	NNC = 1
	NNC = 2
	NNC = 4
	NNC = 1
	NNC = 2
	NNC = 4

	1.08 MHz

(port 2 phase randomization)
	8 (100%)
	8 (100%)
	8 (100%)
	8 (93.9%)
	8 (94.3%)
	8 (95.4%)

	1.08 MHz

(port 2 co-phase)
	8 (100%)
	8 (100%)
	8 (100%)
	8 (83.4%)
	8 (83.5%)
	8 (83.9%)

	10 MHz

(port 2 phase randomization)
	3 (100%)
	3 (100%)
	3 (100%)
	3 (100%)
	3 (100%)
	3 (100%)

	10 MHz

(port 2 co-phase)
	4 (100%)
	4 (100%)
	4 (100%)
	4 (100%)
	4 (100%)
	4 (100%)


Table 2 – 90%-tile RSTD accuracy [Ts] and detection probability (in parenthesis) for static
	BW
	PCID set 1 (non-overlapping PRS patterns)
	PCID set 2 (overlapping PRS patterns)

	
	NNC = 4
	NNC = 8
	NNC = 12
	NNC = 4
	NNC = 8
	NNC = 12

	1.08 MHz
	7 (89.0%)
	7 (97.2%)
	7 (99.7%)
	7 (87.2%)
	7 (96.5%)
	7 (98.6%)

	
	NNC = 1
	NNC = 2
	NNC = 4
	NNC = 1
	NNC = 2
	NNC = 4

	10 MHz
	7 (97.8%)
	6 (99.6%)
	3 (99.8%)
	8 (99%)
	6 (99.6%)
	4 (99.8%)


Table 3 – 90%-tile RSTD accuracy [Ts] and detection probability (in parenthesis) for ETU 3 kmph
For the 1.08 MHz case, the cross-correlation between PRS signals for the overlapping case (i.e., same modulo-6 PCID) for different PCIDs using coherent processing over 1 subframe is 6-7 dB below the normalized signal power. Because of the UE/eNB frequency error, coherent processing cannot be extended beyond 2 consecutive subframes (for example, even in the static channel case). Only non-coherent accumulation is feasible beyond 2 consecutive subframes even when NPRS = 6 consecutive subframes are available.  Since Cell 2 (PCID #6) power is about 6 dB below the serving cell power, the signal power estimate for Cell 2 is comparable to the signal power estimate for other hypothetical cells in the NCL with an overlapping PRS pattern (e.g., PCID #12) even when signals corresponding to such cells are not physically present in the received signal. This means that, if the NCL includes PCID #12, etc., there is a non-trivial probability that the detection thresholds targeting >90% detection rate for the valid cells lead to significant false cell detection. Therefore, it may not be possible to simultaneously achieve >90% detection rate and <15% false detection rate. Phase randomization of the signal replica on the second antenna helps in randomizing interference from the serving cell as shown in Table 2 (e.g., the detection rate goes from ~80% to ~90% for the 1.08 MHz static case).

For the 1.08 MHz ETU 3 kmph channel case, from Table 3, we note that at least NNC = 8 non-coherent accumulations are necessary to achieve >90% detection rate.
The RSTD accuracy requirements are applicable equally to both the non-overlapping and overlapping PRS pattern case. Thus, the neighbor cell must be detected reliably and the RSTD must be reported within the specified accuracy limits if PRS SINR exceeds -13 dB. However, this may or may not be possible as can be seen if we consider a setup where Cell 1 and Cell 2 have overlapping PRS patterns and the other cell interference is negligibly small. According to the requirement, the UE receiver shall be capable of detecting Cell 2 with power that is 13 dB below the serving cell power. Suppose that Cell 1 Es/Noc = 40 dB and Cell 2 Es/Noc = 27 dB leading to PRS SINR for Cell 1 = 13 dB (approximately) and PRS SINR for Cell 2 = -13 dB. For the 1.08 MHz case, it is unlikely that the RSTD accuracy requirements can be met in this setup although the PRS SINR side conditions are met. This is because, in the 1.08 MHz case, a strong serving cell results in a false peak problem as described above (spurious cells with power 6-7 dB below the serving cell power). Even with a large number of non-coherent accumulations, it might not be possible to avoid significant false detection using a correlation receiver if >90% detection rate is desired. 

Note that, for the overlapping PRS pattern case chosen for simulations in this contribution, PRS SINR of -6 dB and -13 dB for Cell 1 and Cell 2 respectively. This corresponds to Es/Noc equal to -5.7 dB and -12 dB for Cell 1 and Cell 2 respectively. Cell 2 power is only 6.3 dB below Cell 1 power. Therefore, this setup is much more benign as compared to the limiting setup described earlier.
3. Discussion

For the 1.08 MHz static case, the model used for the phase of the signal on the second receive antenna port relative to the first receive antenna port impacts the detection rate to a large extent. With a co-phase signal model for the second receive antenna, the achievable detection rate is below 90%. A target detection rate of 80% should be used if the system simulator (SS) uses co-phase model in the accuracy tests. 
On the other hand, with phase randomization, >90% detection rate can be achieved. However, this model should be standardized as the current TS 36.101 propagation model for the static channel used in demodulation and RRM tests does not include phase randomization between receive antennas. Therefore, if phase randomization is adopted, this model should be precisely defined in TS 36.101 as 

i) such a model has not been used before either in RRM or demodulation tests
ii) system simulator (SS) vendors require a specification reference for implementation of this model in the tests.

An example TP towards this end is provided in Annex A.
4. Conclusions

Link simulation results for RSTD accuracy were presented. It was noted that the signal phase model for the second receive antenna in the static propagation channel for the 1.08 MHz case has a significant impact on the neighbor cell detection rate:

i) if co-phase model is adopted, the target detection rate in the tests should be 80%

ii) if phase randomization is used, this model should be specified in TS 36.101 as it is a non-standard model that has not been used in LTE UE conformance testing until this point.

A TP for accuracy requirements in TS 36.133 is also provided in Annex B.
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6. Annex A – Text proposal for TS 36.101

A TP for the phase randomization model is provided. Section B.1.1 should be referenced from both core and test requirements relating to RSTD accuracy in TS 36.133.
Annex B (normative): 
Propagation conditions

B.1
Static propagation condition

For 2 port transmission the channel matrix is defined in the frequency domain by
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B.1.1 
Static propagation condition with phase randomization

For 1 port transmission with phase randomization at the second receive antenna port, the channel matrix is defined in the frequency domain by
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where 
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 are constant within any 160 ms window but, are i.i.d. and chosen uniformly randomly between any two non-overlapping 160 ms windows.

7. Annex B – Text proposal for 36.133
It is proposed that the TBD X and Y values in Table 9.1.10.1 of TS 36.133 be replaced with values as shown below. Assuming a UE clock inaccuracy of 0.1 ppm and an accumulation window length of 1 s, a margin of 4 Ts (assuming “typical” timing drift rather than worst-case timing drift) seems necessary. Using the static results as the baseline for NNC = 1, we get (i) Y = 3 + 4 = 7 Ts and (ii) X = 8 + 4 = 12 Ts.
Table 9.1.10.1-1: RSTD difference measurement accuracy
	Parameter
	PRS Transmission
Bandwidth
[RB]
	Unit
	Accuracy [Ts]
	Conditions

	
	
	
	
	Bands 1, 4, 6, 10, 11, 33, 34, 35, 36, 37, 38, 39 and 40
	Bands 2, 5, 7, 17
	Bands 3, 8, 12, 13, 14, 20
	Band 9

	
	
	
	
	Io
	Io
	Io
	Io

	RSTD for (PRS Ês/Iot)j ≥ -6dB and  (PRS Ês/Iot)i ≥ -13dB
	6, 15, 25

	Ts
	( [12]
	-121dBm /15kHz
…
-50dBm/ BWChannel
	-119dBm /15kHz
…
-50dBm/ BWChannel
	-118dBm /15kHz
…
-50dBm/ BWChannel
	-120dBm /15kHz
…
-50dBm/ BWChannel

	
	50, 75, 100
	
	( [7]
	
	
	
	

	Note 1: Io is assumed to have constant EPRE across the bandwidth

Note 2: Ts is the basic timing unit defined in 3GPP TS 36.211 [21].

Note 3: PRS (Ês/Iot) levels are applicable for all positioning subframes.






























































� False alarm rate is defined as the probability that at least one false cell from the NCL is detected and reported.
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