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1. Introduction

In RAN4 Ad Hoc #2010-01 we showed system level results evaluating the impact of false alarm threshold to RSTD accuracy and number of detected cells [1]. In this contribution, we present system level results looking the impact of assuming muting to the RSTD accuracy.  
2. System simulation assumptions
System simulation assumptions are given in Table 1. These follow mainly those given in [1]. 

Simulations were done with 1.4MHz bandwidth and for the scenario of Case 1. UEs were dropped to the centre sector of the network having their serving cell in the middle of the hexagonal grid. 57 neighbouring cells distributed in 19 neighbouring sites signals were fully modelled. Timing offset between cells were evaluated calculating line of sight propagation from different cells to each UE.
In terms of assistance information the following assumptions were made. Search window size of ±200*Ts was considered corresponding to approximately initial uncertainty of ±2000m. The window was centred at the exact propagation delay. All 57 cells from 19 sites belonged to the search cell list. 
Semi-ideal receiver was assumed, with two uncorrelated receiver branches. RSTD measurements were based on one PRS burst of 6 subframes. Sliding correlation was performed in frequency domain per symbol. The results of these correlations between several symbols were coherently accumulated during 1 subframe. The maximum of the correlation profile was chosen as the strongest multipath path, local maximums at the proximity where evaluated as possible LOS candidates in respect to their relation to maximum and average correlation level. Same sampling rate and instants were assumed at the transmitter and receiver. No frequency error was assumed in eNb but a TX EVM of 6% was assumed to be present. 

A muting pattern outlined in [3] was implemented. No a-priori information was given to the UE but muting detection algorithm was implemented trying to detect the presence of PRS in each sub-frame. Three muting simulation scenarios were assumed. In the first scenario (BSon UEon) muting pattern was in use and UE tried to detect the precence of PRS. In the second scenario no BS muting pattern was used but UEs still used the detection algorithm (BSoff UEon) In the third scenario neither muting pattern nor the UE detection algorithm was in use (BSoff UEoff).
Table 1. Simulation assumptions

	Parameter
	Value

	Scenarios (ISD, height, UE speed, penetration loss)
	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
	1.4MHz

	Channel model
	AWGN, EPA 3kmh

	Distance-dependent pathloss
	L=128.1+37.6log10(R) (R in km)+20dB

	Lognormal shadowing standard deviation
	8 dB

	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

	TX EVM
	6%

	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 PRBs containing PRS. Ideal eNB transmitter

	Number of consecutive positioning subframes
	6

	Number of positioning occasions used in receiver
	1

	PRS burst cycle
	160ms

	PRS boost
	0dB

	PRS pattern
	6-reuse in frequency, vshift = mod(PCI,6)

	PRS transmission bandwidth
	Full carrier bandwidth

	PRS search window
	±200*Ts


3. Simulation results
3.1 Simulation results for RSTD accuracy

In this section we represent results for the scenarios and assumption described in previous section.
Figure 2 presents probability to detect ≥3, ≥5 and ≥10 sites when cells are accounted only if RSTD estimate falls within ±5*Ts of the ideal timing. So no false alarm threshold is used, but only the RSTD accuracy is used as a filter on the detected cells. Now in case when neither eNB mutes nor UE assumes muting (BSoff UEoff) the best site detection probabilities are achieved and benefit of using muting seems to disappear. Worse probabilities are seen when eNB does not use muting but UE still tries assumes it.
Table 3 shows mean absolute RSTD error for ten strongest cells over all the UEs. The statistics presented in this table are based on all measured cells i.e. all detected peaks are accounted as cells. In these results the difference between using muting and not using or assuming muting is very small. Also the performance degradation due to UE non-ideal muting detection when eNB does not use muting can be seen in this table, hence BSoff/UEon provides the worst results. 
Some additional results are represented in APPENDIX A for 10MHz.
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Figure 2. Probability of detect ing ≥3, ≥5 or ≥10 sites in 1.4MHz bandwidth. Cell with RSTD estimate within ±5*Ts of the ideal timing is calculated as detected.
Table 3. Mean absolute RSTD error values for 10 strongest cells.

	RSTD cell pair
	AWGN
	EPA3

	
	BSon UEon
	BSoff UEon
	BSoff UEoff
	BSon UEon
	BSoff UEon
	BSoff UEoff

	#1 - #2
	2.28
	2.3
	2.34
	4.533
	5.09
	3.6

	#1 - #3
	2.2879
	4.525
	4.975
	3.6888
	11.725
	4.585

	#1 - #4
	29.843
	39.8
	26.42
	23.852
	38.01
	26.98

	#1 - #5
	34.563
	51.95
	36.74
	36.169
	49.34
	36.68

	#1 - #6
	37.955
	58.155
	40.925
	42.634
	58.615
	45.375

	#1 - #7
	43.661
	64.355
	49.415
	50.007
	68.235
	53.855

	#1 - #8
	52.42
	71.295
	53.895
	50.433
	78.565
	55.475

	#1 - #9
	63.205
	81.82
	62.28
	59.851
	82.69
	61.62

	#1 - #10
	67.34
	103.57
	81.59
	70.846
	92.62
	77.8

	#1 - #11
	82.021
	96.85
	73.45
	80.651
	93.57
	76.35


 4. Muting related impairments

As noted in Section 2, transmitter impairments for the system level simulations were considered in the results presented in Section 3. However it was assumed that during the muting e.g. when transmission is turned ‘OFF’, TX power level was was 0W (-inf dBm). Naturally this is not a practical assumption and some level would need to be assumed. The impact of assuming some non-zero level during the muting is two fold, firstly there may be some impact on the hearability improvement that can be achieved, and furthermore the muting detection may become somewhat more challenging. 
In context of WCDMA, when OTDOA positioning method was introduced, IPDL (Idle Periods in the DownLink) requirements for the transmission power time mask were introduced to 25.104 (Section 6.4.5). These requirements cover the time transients related to the power level variations, as well the expected minimum power level during the idle periods. The minimum limit for the power level is set to ‘BS maximum output power - 35 dB’.   
In context of LTE specification the minimum ‘OFF’ power for LTE TDD eNB has been set in 36.104, Section 6.4. This section includes also the requirements for the time transients together with the minimum power level. The minimum power level is set to be less than -85dBm/MHz. This corresponds to the level used also in 25.105 for TDD BS.
It is acknowledged that neither of these requirements might be directly applicable for muting purposes to LTE. However in order to be able to fairly evaluate the muting benefits and achievable performance assumptions regarding these and the related eNB requirements would need to be agreed. According to our knowledge this has not been evaluated in RAN1.
5. Conclusion

In this contribution we have show some evaluations on the PRS muting accounting different scenarios. We have assumed eNB either muting or not muting together with UE always assuming that muting is used and compared that to the case where neither eNB nor UE uses or assumes muting to be used. Based on the evaluated statistics it would appear that muting used by eNB does not provide significant benefit, but results a loss of a performance when eNB does not use it while UE assumes it to be used. Comparable or better performance can be achieved without assuming muting in either end, eNB or UE. Therefore it may be valid to consider the need of the muting for the LTE. Furthermore it is pointed out that these simulations do assume the TX power level to be 0 during the muting, which is unrealistic. It is felt that some consideration should be given to the level assumed in simulations and suitable eNB requirement set for the minimum level if it is felt that muting is beneficial.
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Appendix A. Additional Results With 10MHz bandwidth

In this section some additional results are shown for 10MHz system bandwidth. Results are made with same assumptions as 1.4MHx results in this contribution but no TX EVM was assumed. Figure 3 show results show probability to detect ≥3, ≥5, ≥10 sites when cell with RSTD estimate within +/-*5Ts of the ideal timing is calculated as detected. Table 4 show mean absolute RSTD error between serving cell (#1) and 10 strongest (#2-#11) cells. No non detected sides are excluded when mean absolute RSTD error is measured.
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Figure 3. Probability of detect ing  ≥3, ≥5 or ≥10 sites in 10MHz bandwidth. Cell with RSTD estimate within ±5*Ts of the ideal timing is calculated as detected.
Table 4. Mean absolute values of RSTD errors between serving cell and 10 strongest cells.

	RSTD cell pair
	AWGN
	EPA3

	
	BSon UEon
	BSoff UEon
	BSoff UEoff
	BSon UEon
	BSoff UEon
	BSoff UEoff

	#1 - #2
	0.71
	0.31
	0.31
	2.04
	1.35
	1.57

	#1 - #3
	0.685
	0.285
	0.285
	1.405
	1.345
	1.395

	#1 - #4
	22.25
	21.19
	13.02
	22.883
	23.93
	17.58

	#1 - #5
	27.01
	26.86
	17.56
	23.217
	27.2
	19.28

	#1 - #6
	27.075
	28.665
	22.855
	28.985
	33.435
	25.265

	#1 - #7
	36.091
	33.575
	27.735
	31.958
	34.945
	27.625

	#1 - #8
	35.793
	36.875
	27.715
	30.579
	34.685
	28.325

	#1 - #9
	43.454
	36.87
	32.65
	38.12
	42.55
	35.94

	#1 - #10
	48.352
	46.28
	39.25
	43.676
	45.3
	36.64

	#1 - #11
	46.61
	49.36
	42.15
	47.448
	53.1
	37.84
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