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1. Introduction

In the RAN#56bis, it was agreed as part of the way forward [1] that proposals for design of the positioning reference signal (PRS) would be submitted to the RAN1 e-mail reflector.  Several new designs were proposed in references [2-7] in addition to the previous proposals found in references [8-14].  In this contribution, we provide results from an initial evaluation of the performance of a subset of proposals (from [5] and [14]).  The simulation results indicate that the performance for these methods is very similar.  Further simulations will be required both of the other proposals and of other positioning subframe configurations in order to understand the difference in performance between the various proposals.
2. Positioning Reference Signals (PRS)
Proposals for positioning reference symbol patterns can be found in a large number of contributions, including [2-14].  In addition to specification of the PRS patterns, the following issues must be considered:

i) whether the allocation of PRS patterns is planned or unplanned in the system;

ii) whether the PRS patterns allocated to a particular eNB should be time-varying;

iii) whether serving cell/site muting is to be employed;

iv) the nature of the scrambling sequences associated with a particular PRS (e.g. binary or complex);
v) whether the mapping between PRS patterns and PRS sequences are fixed or time-varying.
Presumably, the mapping of the PCID to the combined PRS pattern and sequence should be unique, so that no two PCID’s are mapped to the same PRS pattern and sequence for a given positioning subframe.  This suggests that as the number of PRS patterns is increased, the number of sequences mapped to each pattern is decreased.
The PRS patterns must be specifically designed to match the subframe configuration.  For normal subframes, the PRS pattern must match the number of non-control, non-CRS bearing OFDM symbols within the subframe, and this number depends on the number of control symbols, the number of transmit antennas and the cyclic prefix type.  Similarly, for MBSFN subframes, the PRS patterns must be designed to match the number of non-control OFDM symbols within the subframe.  The set of possible normal and MBSFN subframe configurations is captured in Table 1 below.
	Subframe Type / CP Type
	1 Tx or 2 Tx
	4 Tx

	
	NCtrl = 1
	NCtrl = 2
	NCtrl = 2

	Normal subframe / Normal CP
	10
	9
	8

	Normal subframe / Extended CP
	8
	7
	6

	MBSFN subframe / Extended CP
	11
	10
	10


Table 1:  Number of OFDM symbols available for PRS transmission

In addition to the various subframe types, three types of network configurations have been identified, and these are

i) synchronized;

ii) unsynchronized;

iii) partially-aligned (unsynchronized).

The first two of these are reasonably well-defined.  While the general concept of the partially-aligned network is provided in [14], the details have not yet been specified, and there is no formal definition of the required timing accuracy between eNBs to achieve the illustrated level of alignment.  In particular, if we refer to Figure 1 below (Fig. 7 from [15]), it can be observed that the UE in the serving cell has visibility of at least one-half of the positioning subframes the other four cells during its positioning subframe.  However, if we consider the third and the fifth cells in this diagram, it is apparent that a UE served by the third cell has very little visibility of the positioning subframe of the fifth cell during its positioning subframe.  Specifically, it seems that there is not more than 20% overlap between the positioning subframes in the third and fifth cells.  Thus, if the third cell is muted for a particular positioning subframe, a UE served by the third cell will only be able to take measurements on 20% of the positioning subframe of the fifth cell (and vice versa).  Thus, it seems that a more precise definition of the partially synchronous scenario is required, and in particular, specification of the maximum timing uncertainty is required.
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Figure 1: (Figure 7 from [15]) Unsynchronized network with partial alignment
3. Simulation Results
As noted above, PRS patterns have been proposed in [2-14].  In this section we consider the performance of PRS patterns generated using pseudo-random permutation matrices as described in [5], the diagonal- and anti-diagonal PRS patterns also described in [5], and the PRS patterns based on Costas arrays described in [14].  Future contributions will consider the PRS patterns described in the other contributions.

The simulation assumptions used are mostly as indicated in [16] with the exception that PRS transmission on MBSFN subframes was considered instead of over normal subframes (the simulation assumptions are summarized in the Appendix).  Simulation results for a synchronized network are provided for Cases 1, 2, and 3 of TR 25.814 [17].  In all three cases, the positioning subframes were MBSFN subframes with two control symbols.  The OFDM symbols containing the PRS were transmitted at maximum power.  The periodicity of the positioning subframes was chosen to be 200 msec.  For each positioning subframe, the eNB transmitted PRS with a probability of 1/3; otherwise, the eNB was muted with the exception of the control symbols of the MBSFN subframe. In addition, PRS patterns and PRS sequences were generated in the following manner:
i) A 10 x 10 PRS pattern was pseudo-randomly chosen from the set of all possible patterns (as defined in [5,14]) for each positioning subframe and this pattern was repeated every 10 subcarriers in the frequency dimension. 
ii) The PRS sequence mapped onto each PRS pattern was a pseudo-random QPSK sequence, and this sequence was re-selected for each PRS transmission.

iii) An unplanned frequency reuse was assumed for transmission from different eNBs (i.e., no planning of PRS patterns). 
Time-domain processing was used for time-of-arrival estimation and the method outlined in [18] was used for location estimation.  Measurements were taken over 10 positioning subframes for each location, which corresponds to a time interval of 2 seconds.  The cumulative distribution function (CDF) of the positioning error for Cases 1, 2 and 3 are provided in Figures 2, 3 and 4, respectively.  For all three of these cases, the 67%-tile of the positioning error is less than 10 m. The 95%-tile of the positioning error for the Cases 1, 2, and 3 is less than 45 m, 51 m and 54 meters respectively.  The accuracy of the location estimates is nearly identical for the three PRS patterns simulated.  Specifically, for all three cases, the difference in accuracy between the three methods was less than 5 meters at both 67%-tile and 95%-tile points of the cumulative distribution functions.
We note that, for the proposals in [5] (i.e., diagonal/anti-diagonal matrices and pseudo-random permutation matrices), pre-storing of the PRS patterns is not necessary.  These PRS patterns can be generated using a pseudo-random number generator. For example, the linear feedback shift registers (e.g. 31 bit m-sequence generator) already specified in Rel-8 can be used to generate either random offset for the diagonal/anti-diagonal PRS patterns or a pseudo-random permutation matrix of appropriate dimension for the pseudo-random PRS patterns, and thus is less complex than a method requiring the storage of matrices for each of the possible positioning subframe configurations using either normal or MBSFN subframes.
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Figure 2:  Case 1 ETU 3 kmph, synchronized network
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Figure 3:  Case 2 ETU 30 kmph, synchronized network
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Figure 4:  Case 3 ETU 3 kmph, synchronized network
4. Conclusions

In this contribution, simulation results were provided for PRS transmission on MBSFN subframes for Cases 1, 2, and 3 in a synchronous network. Three different PRS pattern proposals – Costas arrays, Diagonal/Anti-diagonal matrices and pseudo-random permutation matrices -- were considered. The simulation results seem to indicate very little difference in the positioning accuracy for the three alternatives.  Further simulations are required, both of the other PRS patterns identified in [2-14] as well as for the other positioning subframe configurations identified in Table 1, before it can be determined if there is any fundamental difference in the performance of the proposals identified in [2-14].
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Appendix
Table 1 Simulation Assumptions [16]

	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


