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1 Introduction

In the RAN1 #57b Los Angeles meeting, many essential issues on DL OTDOA have been agreed. However, there are still some issues that have not been decided, for example, whether the serving cell muting provides benefit to the hearability. Some schemes of muting the signals from serving cell or site have been discussed in [1], however, only the performance after cell muting is shown in the contribution. To see how many gains are introduced by muting scheme, more evaluations of comparing between muting and un-muting are needed. 
In this contribution, we made some analysis on whether the serving cell muting can bring significant gain for OTDOA positioning. Some simulation results are also presented. From the discussion and simulation results, it is observed that the serving cell muting scheme will not do benefit to the accuracy of positioning. On the contrary, the time required to acquire the TDOA measurements increases. We therefore suggest that serving cell muting should not be introduced.
2 Discussion 
When the muting scheme is discussed, a common considering is to mute the serving cell. However, in a practical network, it is infeasible to realize muting only the serving cell. If so, when there are several positioning required UEs located in the adjacent BSs, the corresponding cells should be muted simultaneously, which cause no signal to measure. Therefore the feasible muting scheme is to arrange the PRS muting among the cells, e.g. in a pseudo-random way [2]. Thus the UE can measure the neighbor cells when the UE’s serving cell is muted.
One considering of introduce serving cell/site muting is the UE hardware limitations (e.g. AGC/ADC) that limits detection of signals much weaker than the serving cell. However, the system simulation in [3] shown that the AGC/ADC issue does not matter even when no IPDL subframes are used.

Another believed potential benefit of muting is the interference canceling from the serving cell, so that the UE would have the opportunity to estimate the ToA of the weaker cells covered by the serving cell. In the #57b meeting, orthogonal PRS pattern has been accepted as the baseline. This kind of orthogonality causes 1/N cells have the same PRS pattern with the serving cell, where N is the frequency reuse factor. That is, in a synchronous network, a fraction (N-1)/N cells which have PRS patterns orthogonal to the serving cell do not suffer severe interference from serving cell. For the rest 1/N overlapped cells, if the 1/M portion muting is introduced, then a UE in the serving cell has the opportunity to estimate the (M-1)/NM weaker cells. Noting that at the same time, only a fraction (M-1)/M cells can be measured by UE.
For example, consider a reuse factor of 6, and the muting proportional is 1/3. Then there are a fraction 1/9 cells have the overlapped PRS pattern. Assume the ToA measurement is performed from up to 2nd tier cells (total 19 cells including serving cell). After muting, there is only one neighbor cell has the same PRS pattern as the serving cell. That is, via muting scheme, the UE may have the chance of estimating at most one weaker cell which has the same PRS pattern to the serving cell, and at the cost of no ToA measurement of the serving cell.
3 Simulation results
In this section, the performance of muting scheme is investigated. The simulation assumptions are based on [4]. 3GPP case 3 is simulated in a 10 MHz system. More details are listed in Appendix A. In the simulation, the muting scheme proposed in [1] is compared with the un-muting method.
For the muting method, the eNBs are first partitioned into M sets.  In the simulation, M=3 are investigated. The period of PRS subframe is set as 160 subframes. At each PRS subframe interval, 1/M cells are assigned to be muted. The muting subframe are synchronized for all cells in the same set, and are transmitted once every 16×M frames. The frame structure is illustrated in Figure 1. In the simulation, we follow the same assumption given in [1] that measurements were taken only when the UE’s serving cell was muted.
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Figure 1 Muting Patterns of Length M
Figure 2 shows the CDF curves of positioning error for case 3 using measurements taken during 1, 2 and 4 muting subframes. From the simulation results, it can be observed that the positioning performance does not improve with the muting of PRS from serving cells. On the contrary, the accuracy gets worse when muting subframe is introduced. 
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Figure 2 Positioning performance comparison
Furthermore, although the multiple subframe measurements can improve the position performance, the time required for TDOA measurements would be increased by a factor of the muting period. For example, in our simulation the measurements during 1, 2 and 4 muting subframes have associated delays of 480, 960 and 1920 msec, respectively.
4 Conclusion
In this contribution, we analyzed the necessity of cell muting scheme, simulation results are also proposed. It shows that accuracy gets worse when muting subframes is introduced. Furthermore, the time required to acquire the TDOA measurements increases. We therefore suggest that serving cell muting should not be introduced.
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6 Appendix A:
Table 1. System-level simulation assumptions

	Parameter
	Assumption

	Cell layout
	Hexagonal Grid, wrap around, 57 Cells

	Inter-Site distance
	500 m, 1732 m, 3000m, 5000m

	Antenna gain
	15 dBi (3-sector antenna as defined in TR 36.942)

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

	Carrier frequency
	2 GHz

	Carrier bandwidth
	5MHz, 10 MHz

	eNB power
	46 dBm

	UE noise figure
	9 dB

	Lognormal shadowing standard deviation
	8 dB

	Shadowing correlation 
	Between sites
	0.5

	
	Between sectors
	1

	Correlation distance of shadowing
	50 m

	Channel model
	ETU

	UE speed
	3 km/h

	Network synchronization
	Synchronous

	Cyclic prefix
	Normal

	Number of transmit antennas
	2

	Number of received antennas
	2
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