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1. Introduction

For the LTE Rel-9 OTDOA positioning, the use of PRS(Positioning Reference Signal) has been agreed the previous RAN1 meetings(#56-bis~#58), the way forward for LTE OTDOA positioning and a part of the RAN1 draft CRs for LTE Rel-9 positioning were agreed, and a regular pattern, such as diagonal pattern, was also adopted mostly due to its simpler way to define despite of its many drawbacks including lower positioning performance. 
To compensate for its lower performance, it was suggested to add ‘time-varying reuse scheme based on pseudo-random sequence’. However, it was shown in [1] that this time-varying reuse scheme gave only marginal performance gain and rather increased complexity, which would obviously much diminish the main advantage of regular patterns – the easiness or simplicity.

As an alternative approach to compensate for the lower performance of regular(diagonal) pattern, ‘positioning subframe muting for OTDOA measurements’ was suggested in [2]. Then RAN1 agreed to look further into the ‘muting’ issue in positioning support for LTE Rel-9 as shown in the old chairman’s note.
In this contribution, we provide a simple and efficient mechanism with another approach along with simulation results to possibly draw a conclusion on the remaining muting issue on LTE Rel-9 positioning ‘for good’ and to get us to move on.
Way forward in the old chairman’s note :

▪Agree on autonomous muting as the working assumption 

▫UE can not assume that the PRS transmit power is the same between positioning subframes 

▪If considerable remaining problems are agreed until the next meeting 

▫the issue can be revisited for Rel9 by discussing 

•muting with UE signalling or time varying PRS pattern shift 

2. Muting scheme for OTDOA positioning
(1) Muting scheme in [2]
Here, we briefly recapture what has been proposed and discussed in [2]. As shown in the contribution, for the number of consecutive downlink subframes NPRS for PRS transmission, each of the muting patterns are enabled to transmit PRS for an equal number of subframes K and to mute PRS for an equal number of subframes NPRS –k. RAN1 agreed that the NPRS can assume 1, 2, 4, or 6 as shown in [3]. If the muting patterns are defined to be the set of all possible patterns for given NPRS and K, then the total number of muting patterns is given by
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The assignment between the PRS pattern(=frequency shift) 
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Note that M is even for NPRS=2, 4, 6. (M=2 for NPRS=2, M=6 for NPRS=4, M=20 for NPRS=6). 
(2) Another approach
As shown in Figure 1, another approach is proposed.
Approach 1  

Only 3 muting patterns (M=3) are defined. If 
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 :  PRS are persistently muted on 
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 :  PRS are persistently transmitted on 
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Other two muting patterns are simply configured as follows :
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  : PRS is transmitted on every even PRS subframes and muted on every   odd PRS subframes
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 : PRS is transmitted on every   odd PRS subframes and muted on every even PRS subframes

The assignment between the PRS pattern(=frequency shift) 
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If PCls allocated to the same site should be assigned the same muting pattern, above muting pattern 
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In case that there is any need to prevent certain eNBs from always having the same muting pattern, that is, to dynamically change the pattern for the eNBs without any reconfiguration, parameter 
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, the system frame number, can be added to muting pattern 
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(3) Comparison of muting schemes

1) Interference reduction
The orthogonality of the PRS signals in 2-dimentional time/frequency domain can be increased by muting. Cells or PCls with the same PRS pattern are 1/6 of all the cells in the system, because there are only 6 PRS patterns(=frequency shift). For example, if we consider only cell sites or cells up to 2nd tier, there are total 19 cell sites (or 57 cells), and 3~4 cell sites (or 9~10 cells) have the same PRS pattern(=frequency shift). There can be significant interference due to the loss of orthogonality or collision among these cells, but additional separation among these cells would be possible by using muting pattern. If there are M muting patterns, then, the PCls with the ‘same PRS pattern and muting pattern’ is reduced as 1/(6M) and hence, M times of more separation is possible. 

For the comparison’s purpose, we would need to look into the interference in the subframe level for both, one from [2] and the others proposed in section (2). The muting scheme proposed in [2] has M=comb(NPRS,K) muting patterns. For the case of NPRS=6 and K=3, M is 20. If we consider all NPRS consecutive subframes, all 20 muting patterns are distinct with each other. However, if we look at each PRS subframe, only 2 muting pattern groups are distinct as shown in Figure 1. The PCls with the same ‘PRS pattern and muting pattern’ for each PRS subframe is 1/(6NPRS/K). This value of the muting pattern proposed in [2] is 1/12, because K/NPRS=1/2. This value from section 2-(2) (Approach 1) is 1/18 or 1/9 respectively, because average value of K/NPRS is 1/3 or 2/3. 
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Muting scheme proposed in [2]
[image: image26.emf]M_pattern=2

M_pattern=1

M_pattern=0

transmit mute

mute transmit

mute (or transmit)

Odd subframe Even subframe

=2subframes

PRS

N

=2

PRS

N

M_pattern=2

M_pattern=1

M_pattern=0

=4subframes

PRS

N

transmit mute

mute transmit

mute (or transmit)

Odd subframe Even subframe

=2

PRS

N

transmit mute

mute transmit

mute (or transmit)

Odd subframe Even subframe

=2

PRS

N

Repeating

M_pattern=2

M_pattern=1

M_pattern=0

=6subframes

PRS

N

transmit mute

mute transmit

mute (or transmit)

Odd subframe Even subframe

=2

PRS

N

transmit mute

mute transmit

mute (or transmit)

Odd subframe Even subframe

=2

PRS

N

Repeating

transmit mute

mute transmit

mute (or transmit)

Odd subframe Even subframe

=2

PRS

N

Repeating

M_pattern=2

M_pattern=1

M_pattern=0

transmit mute

mute transmit

mute (or transmit)

Odd subframe Even subframe

=2subframes

PRS

N

=2

PRS

N

M_pattern=2

M_pattern=1

M_pattern=0

transmit mute

mute transmit

mute (or transmit)

Odd subframe Even subframe

=2subframes

PRS

N

=2

PRS

N

M_pattern=2

M_pattern=1

M_pattern=0

=4subframes

PRS

N

transmit mute

mute transmit

mute (or transmit)

Odd subframe Even subframe

=2

PRS

N

transmit mute

mute transmit

mute (or transmit)

Odd subframe Even subframe

=2

PRS

N

transmit mute

mute transmit

mute (or transmit)

Odd subframe Even subframe

=2

PRS

N

transmit mute

mute transmit

mute (or transmit)

Odd subframe Even subframe

=2

PRS

N

Repeating

M_pattern=2

M_pattern=1

M_pattern=0

=6subframes

PRS

N

transmit mute

mute transmit

mute (or transmit)

Odd subframe Even subframe

=2

PRS

N

transmit mute

mute transmit

mute (or transmit)

Odd subframe Even subframe

=2

PRS

N

transmit mute

mute transmit

mute (or transmit)

Odd subframe Even subframe

=2

PRS

N

transmit mute

mute transmit

mute (or transmit)

Odd subframe Even subframe

=2

PRS

N

Repeating

transmit mute

mute transmit

mute (or transmit)

Odd subframe Even subframe

=2

PRS

N

transmit mute

mute transmit

mute (or transmit)

Odd subframe Even subframe

=2

PRS

N

Repeating


Approach 1 for simple and efficient muting scheme
Figure 1 : Muting scheme for OTDOA positioning

This brings the following conclusion ; 
▪Large number of muting patterns could not reduce substantial interference, but may rather increase complexity. The pattern proposed in [2] has similar or provides lower orthogonality than the muting pattern in section 2-(2) (Approach 1).
2) Complexity on configuration of muting pattern
Variable NPRS can take =1, 2, 4, and 6. Especially, for large NPRS(=6), there are as many muting patterns as 20. This can incur more complexity in the configuration of muting patterns and PRS detection of OTDOA measurement since UEs and eNBs have to store muting masks for all cases of the muting patterns for every NPRS . For example, total of 28 muting masks is needed for NPRS=2, 4 and 6. However, the muting pattern in section 2-(2) (Approach 1) has only 3 muting masks for all cases of the muting pattern. Especially, these muting masks are common when NPRS =2, 4, and 6. For NPRS=4 or 6, the muting pattern(masks) in section 2-(2) can simply configured by repeating the muting pattern(masks) of NPRS=2.
In conclusion,
▪The muting pattern proposed in section 2-(2) (Approach 1) has small(er) number of muting masks and hence lower complexity in configuration and detection 
3) UE signalling and assistance data
The muting pattern proposed in section 2-(2) (Approach 1) does not need any additional high layer signaling since the pattern can be configured without any info such as MPSI [2]. This is mainly due to the fact that the proposed pattern has only 3 muting patterns that are configured based on the PCIs. Since the PCI information is already agreed and available in the assistance data [3], a UE does not need any further info to know the pattern itself. 
If we consider some certain case that need assistance date bits for all case of the muting patterns, additional assistance information of the size 
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is needed in [2]. Even this information is somehow required with the proposed scheme, still it needs only 1~2 bits since the number of patterns, M = 3, regardless of NPRS or K.
In conclusion,
▪The proposed muting pattern in section 2-(2) (Approach 1) dose not need any additional signalling.
3. Simulation results and discussion

Simulation results are presented for aforementioned muting cases - the muting scheme in [2], Approach 1-A and 1-B in section 2-(2). Here, the original time non-varying scheme without muting and time varying reuse scheme based on pseudo-random sequence are also simulated. Those simulation parameters are listed in Appendix A.
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Figure 2 : Simulation results for Muting of OTDOA positioning

4. Conclusion
As show in Figure 2, all of the muting patterns provide significant performance improvement. Especially, Approach 1-B in section 2-(2) shows best performance among those simulated.
With good performance and following significant benefits that are :

▪It has small(er) number of muting masks and hence lower complexity in configuration and detection 

▪It dose not need any additional signalling
It is proposed that RAN 1 take the approach in section 2-(2) as the muting pattern for LTE Rel-9 positioning system.
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Appendix A : Simulation Assumptions
	Parameter
	Assumption

	Cell layout
	Hexagonal Grid, wrap around

	Inter-Site distance
	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 1732m (Case 3)

	Carrier bandwidth
	10 MHz (50RB)

	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 (defined in TS 36.141 V8.2.0)

	Cyclic prefix
	Normal CP

	Positioning subframe
	Normal subframe

	Number of transmit antennas
	2 (for CRS), 1 (for PRS)

	Number of receive antennas
	2

	Periodicity of positioning subframe
	320 ms

	Number of neighbor cell sites
	~2nd tier cells (19 cell sites (57 cells) 
including serving cell site (cell))

	Maximum number of cell sites for OTDOA measurement
	19

	CRS Pattern
	Rel-8

	CRS transmission
	Always transmitted

	PRS Pattern
	Diagonal pattern (as defined in draft CR TS36.211)

	PRS Sequence
	Pseudo Random QPSK 
(as defined in draft CR TS36.211)

	Timing search window 
	8km

	Probability of data blanking in positioning subframe
	100%

	CRS/PRS transmission probability
	100%
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