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1. Introduction
For OTDOA positioning, three different network scenarios are envisioned, and these are synchronous, partially-aligned, and asynchronous.  In the first two of these, positioning subframes with positioning reference symbols (PRS) are used and observed time-difference of arrival (OTDOA) measurements of the neighboring cells are made using the PRS and/or the CRS.  In the third case – the asynchronous case – OTDOA measurements of the neighboring cells are made using the CRS only while the serving cell transmission is muted using either MBSFN subframes or normal subframes without PDSCH.
Simulation results for the partially-aligned case have been presented in [1] and [2].  Due to the loss of orthogonality described in [1], these simulation results seem to indicate that good performance in the partially-aligned case can only be achieved in combination with occasional muting of the PRS transmissions, as otherwise performance is limited by interference from serving cell.  For this reason, the proposed CR [3] allows autonomous muting of the PRS on a subframe by subframe basis.  Given that the PRS transmission can be autonomously muted by the eNB, it will be necessary for the UE to determine if the neighbor cell PRS is present on a subframe by subframe basis prior to combining measurements.  In order to test this required functionality, it will necessary to incorporate autonomous muting of the PRS transmissions in the RAN4 tests. 
2. The partially-aligned scenario
The partially-aligned scenario was introduced in [4] and has also been described in multiple other contributions.  For the partially-aligned scenario, the timing of the eNBs is not synchronized.  As a result, the positioning subframes with the PRS cannot be fully aligned.  However, consecutive positioning subframes can be defined in such a way that they overlap, even if they are not fully aligned.  Though there is no formal definition of partial alignment, it seems that in the most general case, it is always possible to choose a set of consecutive positioning subframes across the network such that for any two eNBs, the timing offset of the positioning subframes is less than one subframe.  An example of such alignment is shown in Figure 1 taken from [4].
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Figure 1:  Partially-aligned positioning subframes (Figure 7 from [4]).
The positioning reference symbols defined in [5] were designed such that the PRS transmissions of any two eNBs are orthogonal so long as they are use different frequency offsets.  However, for reasons addressed in [1], this orthogonality is lost in the partially aligned case.  A consequence of this loss of orthogonality is that serving cell interference can severely degrade the OTDOA measurements taken on the neighboring cells and degrade the resulting accuracy of the location estimate.  
In Figure 2, the cumulative distribution of the accuracy of the location estimate is shown for the partially synchronous cases for Case 3 [6] with a system bandwidth of 10 MHz.  The simulation assumptions used are taken from [7] and are given in the Appendix.   In these simulations, OTDOA measurements were taken over four consecutive positioning subframes.  Neither the SCH nor the BCH were modeled in these simulations.  For the partially-aligned case, the frame timing offset for each cell site was randomly selected from a uniform distribution on the interval [0, 150 us] (this interval corresponds to approximately 2 normal cyclic prefix OFDM symbols).  In all cases, the location estimates were formed using measurements from the 8 best cells.

From the results in Figure 2, it can be observed that 150 meter accuracy is achieved less than 90% of the time.  In Figure 2, simulation results are also presented for the partially-aligned case using 3 repetitions of the four consecutive positioning subframes at intervals of 330 msec.  Note that even with these 12 positioning subframes, 150 meter accuracy of the positioning estimate is still achieved only 90% of the time.  The results seem to indicate that 10% of the UEs experience too much serving cell interference to take accurate OTDOA measurements without serving cell muting.  Thus, in the absence of muting, it is not possible to meet the enhanced E911 accuracy requirement [8] of 150 meter accuracy with 95% reliability.
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Figure 2:  Positioning error for N=4 consecutive positioning subframes for synchronous and partially-aligned scenarios – no PRS muting.
3. The partially-aligned scenario with PRS muting

In [1], it was proposed that PRS muting be used to mitigate serving cell interference and thus improve the performance of the partially-aligned scenario.  In the proposal, the muting pattern is specified so that the UE knows when the PRS transmission of each eNB is muted.  With such an arrangement
· the UE may choose not take TDOA measurements unless the serving cell is muted, or alternatively, the UE may give measurements taken when the serving cell is muted greater weight;

· the UE will not take a TDOA measurement for a particular PCI if the corresponding PRS are not transmitted in the positioning subframe.   
In Figure 3, simulation results are presented for 4 consecutive positioning subframes using the muting patterns described in [1].  For these simulation results, measurements were taken only when the serving cell was muted. Note that the 150 meter accuracy is achieved with 98% reliability, and that 80 meter accuracy is achieved with 95% reliability.
Simulation results are also presented for the muting patterns 1-B defined in [9].  Unlike the patterns in [1] for which the PRS transmissions of all cells are muted during an equal fraction of the positioning subframes (regardless of PCID), for the muting patterns defined in [9], one-third of the cells never mute their PRS transmissions.  The results for pattern 1-B are for UEs served by an eNB that never mutes its PRS transmissions.  The results in Figure 3 for the muting patterns in [9] show that the location accuracy of UEs served by an eNB that does not mute its transmission (but with neighbors that sometimes mute) is even worse than for a system with no muting.  The reason for this is that the UEs served by a non-muting cell always suffer interference from the serving cell and also have a reduced number of opportunities to take measurements on neighboring cells.
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Figure 3:  Positioning error for N=4 consecutive positioning subframes for synchronous and partially-aligned scenarios – both with and without PRS muting.
4. Autonomous Muting of PRS transmissions

As noted in the previous sections, PRS muting is needed to achieve good location accuracy in the partially-aligned case.  As a result, in the proposed CR [3], the eNB is allowed to autonomously mute the PRS transmission on a subframe basis.  Specifically from [3], we have

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.
Since it is only required that the PRS signal power is constant over the subframe, the PRS can be “on” for one subframe and “off”, or muted, for the next.

A disadvantage of autonomous muting is that it places an extra burden on the UE to separate a valid measurement from an invalid measurement since the UE now has no a priori knowledge of whether or not the PRS is transmitted by the neighboring cell in any given positioning subframe.  Furthermore, if the UE wishes to combine PRS measurements from multiple positioning subframes, it must determine whether or not each measurement is valid or not, prior to combining the measurements.  Finally, it should also be noted that since the boundaries of the positioning subframes of the serving cell and its neighbors are not aligned in the partially aligned case, the positioning subframe may in general see interference from the serving cell during only part of the subframe.  As a consequence, it will be necessary for the UE to determine the presence or absence of the neighboring cell PRS transmission using only a portion of the positioning subframe.
The simulation results in Figure 2 and Figure 3 indicate that muting of the PRS transmission will be necessary to achieve a location estimation accuracy of 150 meters with more than 90% reliability.  Thus, the partially-aligned case should be tested with autonomous muting if the goal is to meet the enhanced E911 accuracy requirements.  More specifically, tests should be defined for the partially-aligned case in which the UE does not know when the PRS transmission is muted and when it is not.  One proposal for this would be to choose a set of muting patterns from the set defined in [1], as these muting patterns are fair in the sense all eNBs transmit an equal fraction of the time.  Thus, the distribution of the location accuracy of position estimates for UEs served by a given cell will not depend on the muting pattern assigned to that cell.

5. Conclusions and Recommendations
In the absence of serving cell muting, the simulation results in this contribution and also in [1] indicate that it will be difficult to achieve the target accuracy of 150 meters with more than 90% reliability in the partially-aligned case.  The results in this contribution and in [1] also indicate that the location accuracy of the partially aligned case can be greatly improved if the PRS transmissions are occasionally muted.  Thus, it is very likely that such PRS muting will be implemented in the partially-aligned scenario.  As the current specification permits only autonomous muting on a subframe basis, it is proposed that RAN4 test the partial-alignment scenario in combination with autonomous muting using patterns selected from the set defined in [1].  In these tests, the actual muting patterns of the serving and interfering cell would be unknown to the UE.
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Appendix

Table 1:  Simulation assumptions [7]
	Parameter
	Value

	Scenarios (ISD, height, UE speed, penetration loss)
	· Case 1 (500 m, 3 km/h, indoor: 20 dB)

· Case 2 (500 m, 30 km/h, outdoor: 10 dB)

· Case 3 (1732 m, 3 km/h, indoor: 20 dB)

	Cell layout
	Hexagonal grid, wrap around

	Number of sites
	19 sites, with 3-sectored antennas at each site

	Network synchronization
	· Synchronous

· Asynchronous

	Data and CCH load
	100%

	Cyclic prefix
	Normal

	Carrier frequency 
	2 GHz (E-UTRAN FDD band 1)

	Carrier bandwidth
	· 1.4 MHz (baseline)

· 10 MHz

	Channel model
	ETU, EPA

Optional: Urban A, Urban B and Bad Urban profiles of T1P1

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

	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 (3-sector antenna as defined in TR 36.942)

	UE antenna gain
	0 dBi (omni)

	eNode B power, Pmax
	43 dBm (1.4 MHz) or 46 dBm (10 MHz)

	PRS power per RE
	( Pmax-10*log10(Nsc)+4 [dB]

	UE noise figure
	9 dB

	Number of transmit antennas
	PRS
	1

	
	CRS
	2

	Number of receive antennas
	2

	Positioning subframes
	LIS (no presence of PDSCH in PRBs containing PRS) with full or partial alignment

	Number of consecutive positioning subframes
	( 6

	Number of positioning occasions for a fix
	( 3

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

	PRS transmission bandwidth
	Full carrier bandwidth












































