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1. Introduction

In this contribution, we evaluate the performance of the positioning method using only the Rel-8 physical layer signals proposed in [1], and which has been evaluated previously in [2].  The overhead of this method is less than 1%, and it may be possible to reduce this overhead further.  Simulation results here are generally consistent with those in [3], and suggest that the E-911 requirements [4] can be met without the definition of new positioning reference symbols.
2. MBSFN subframes in combination with normal subframes without PDSCH 
The primary limitation on the number of eNB’s for which the CRS can be heard and thus measured is the interference from the serving eNB.  As shown in multiple contributions, including [2,5,6], this problem can be largely mitigated by serving cell/site muting using either normal or MBSFN subframes.  In the event that a normal subframe is used for muting, there will be interference between the CRS in the serving cell/site and the CRS of the neighboring cells.  If an MBSFN subframe is used for muting, the CRS from one neighboring eNB will still suffer interference from PDSCH data from other neighboring eNB’s, and this is particularly significant in the event that the network is heavily loaded.
In [1], it was suggested that the muting of MBSFN subframes could be used in combination with normal subframes without PDSCH in order to maximize the hearability of the CRS from neighboring eNB’s.  This approach has already been simulated in [2] and shown to yield an accuracy of approximately 30 meters with 95% reliability for Case 3 [7], which has an inter-site distance of 1.7 km.  It should be noted that Case 3 has the largest inter-site distance of the cases considered in [7].  The overhead of the method can be as low as 0.9% (i.e., 3/320).  Further investigation would be required to determine if the overhead could be reduced further by partially loading the normal subframes.
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Figure 1:  MBSFN subframes in combination with normal subframes without PDSCH
One implementation of the scheme proposed in [1] is illustrated in Figure 1.  Sites are partitioned into three sets.  MBSFN subframes are aligned for all eNB’s in the same set, and are transmitted once every 320 subframes.  The MBSFN subframes in the second and third set are offset by 110 and 220 subframes, respectively, relative to the MBSFN subframes in the first set.  Additionally, for eNB’s in the first set, normal subframes without PDSCH are transmitted at offsets of 110 and 220 subframes relative to their MBSFN subframes so as to align with the MBSFN subframes in the other two sets.  In the second set, normal subframes without PDSCH are offset by 0 and 220 subframes relative the MBSFN subframes in the first set.  Similarly, in the third set, normal subframes without PDSCH are offset by 0 and 110 subframes relative to the MBSFN subframes in the first set.

Simulation results for Case 3 [7] are presented in Figure 2.  Simulation assumptions are generally in accordance with those given in [3] (in the Appendix), but with the exception that the reference symbols were transmitted from a single antenna.  Given that there are twice as many reference symbols as for the single antenna case, and yet the power was not scaled down by 3 dB, this would normally be interpreted as 3 dB boosting of the CRS for the two antenna case.  The fact that the CRS were transmitted from a single antenna relative to baseline would tend to degrade performance due to a loss of diversity.  Conversely, the boosting of the CRS would clearly improve performance.  Though the simulation assumptions do slightly differ with the assumptions in [4], the simulation results are generally consistent with the results in [2], for which the simulation assumptions are entirely consistent with the baseline assumptions in [4].
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Figure 2:  Cumulative distribution of location accuracy of MBSFN subframes in combination with normal subframes without PDSCH
In the simulations, PCID planning was assumed.  TDOA measurements for neighboring cells are performed when the serving cell transmits MBSFN subframes. Measurements of the neighboring cells not using the same CRS offset as the serving cell can also be performed during the normal subframes without PDSCH, though this was not done.  The positioning accuracy results are shown in Figure 1 for Case 3 where 1, 2 and 3 MBSFN subframes (corresponding to the serving cell) are used for neighbor cell OTDOA measurements. The plots indicate that the 95% location accuracies for the three cases are 120 m, 43 m and 23 m respectively. Thus, with neighbor measurements taken over three subframes, a 95%-tile accuracy of 23 m can be achieved for Case 3 with an OTDOA estimation delay of less than 1 second (3 x 320 ms). Furthermore, the associated overhead is no more than 0.9%.  Additionally, simulation results in [6] indicate that it may be possible to reduce the overhead further by partially loading the normal subframes that are aligned with the MBSFN subframes.  In particular, with a PDSCH loading of 50%, the overhead associated with using only the Rel-8 physical layer would be reduced to 0.6%.
3. Conclusions

Simulation results in this contribution as well as in [2] would suggest that new positioning reference symbols are not needed, and that sufficient accuracy with low overhead can be achieved with the existing Rel-8 physical layer signals.
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Appendix
Table 1 Simulation Assumptions [3]

	Parameter
	Assumption

	Cell layout
	Hexagonal Grid, wrap around

	Inter-Site distance
	500 m, 1732 m

	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

	Penetration loss and UE speed
	Indoor: 20 dB, 3 km/h for 500m and 1732m (Case 1 and 3) Outdoor: 10 dB, 30 km/h for 500m (Case 2) 



	Carrier bandwidth
	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 , EPA 
Optional: Urban A, Urban B and Bad Urban profiles of T1P1.5[2]

	Network synchronization
	Asynchronous, Synchronous

	Cyclic prefix
	Extended

	Number of transmit antennas
	2

	Number of receive antennas
	2


