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1. Introduction

In last #56bis Seoul meeting, the basic principle on OTDOA positioning was agreed;
· OTDOA time difference measurement is based on RS

· Ability to provide assistance data to the UE containing at least

· PCIs of candidate cells

· Relative transmission timing of PCI candidates to serving cell

· The candidate cell set may be different from the neighbour cells considered for handover

· LS should be sent to RAN2 on the need for positioning assistance data

· Positioning subframes are

· Based on normal subframe with no data or MBSFN subframe with no data and/or RS in the data region

· Semi-statically configure positioning subframe for cells/group of cells

· UE in a cell with positioning subframes can assume aligned, partially or non aligned positioning subframes from all cells as indicated in the assistance information

· FFS whether new reference symbol structures are to be introduced for neighbour cell detection aiding
This contribution provides our view on above issues and some evaluation results for positioning accuracy using current Rel-8 CRS and new PRS.

2. Discussion
Positioning subframe
Basically, the assistance data such as PCI candidates and relative transmission timing of PCI candidates to serving cell, at least, are supposed to be transmitted to UE to enable timing measurement. This means that each eNB can be aware of their subframe boundaries with reference to the serving cell. In that sense, it may be possible to configure the fully/partially aligned positioning subframes in synchronous/asynchronous networks, respectively. Therefore, the alignment of positioning subframes could be supported in both synchronous and asynchronous networks.

Secondly, the positioning subframes can be configured in normal subframes or MBSFN subframes. To configure it in normal subframe may provide more scheduling flexibility while to configure it in MBSFN subframe may provide clearer design and better positioning performance by periodic transmission, which allows simple design and multiple accumulations. However, when positioning subframe is configured in serving cell, it may be possible to configure MBSFN subframe for a certain purpose in corresponding subframe from neighbour cell assuming asynchronous network, and vice versa. Even with synchronous network, the above case could happen since the configuration of MBSFN is cell-specific. In that case, those subframes may not be configured as positioning subframes. It may be able to be solved by subframe type agnostic approach which is common positioning RS pattern between normal and MBSFN subframe.
Bandwidth for PRS
It is apparent that more bandwidth provides better timing accuracy. Figure 1 depicts the estimated timing error impact on positioning accuracy. For example, with 6RB occupation (1.08MHz), there is ±0.46us ambiguity. It means that the averaged positioning accuracy with 3 sources is ~200 meters even with ideal geography. If we can always have good geography, some tolerance for timing resolution would be fine. However, because we cannot always assure good geometry for positioning measurement, it is desirable to have accurate timing measurement as much as possible. Therefore, it is desirable to occupy entire bandwidth for positioning RS in those subframes.
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(a) Optimal eNB allocation                                     (b) Random eNB allocation
Figure 1 Timing error impact on positioning accuracy
In addition, for heterogeneous networks which typically deploy different CPs and system bandwidths, to consider additional assistance data for those will be helpful to reduce UE complexity for several hypothesis tests.
Need for new PRS
Several contributions studied whether new PRS is needed in terms of positioning performance or hardware implementation [1]-[12]. We discuss the need of new PRS based on following aspects;
· Frequency reuse
· The frequency reuse of Rel-8 CRS is 3 in 2Tx transmission. This may be suffering to hear several neighbouring cells.
· Energy

· CRS occupies only 4 OFDM symbols within a subframe. This will require large multi-subframe averaging (eg. see the simulation results in chapter 4).
· Timing ambiguity
· CRS can be used as timing tracking after symbol timing acquisition by SS (Synchronization Signal). In this case, the ambiguity peak may not affect at all if the RS is used only for timing tracking. However, since we use only reference signal for positioning estimation without SS, the auto-correlation property for PRS is also important.
· Basically, timing resolution is very important for positioning estimation since the positioning error is a function of estimated timing error (eg. see Figure 1). CRS has 3x time-repeated structure in subframe level, which results in multi-peak ambiguity (eg. see Figure 2). UEs which do not have any information such as cell configuration have to try timing measurement with somewhat large search windows. For example, to try measurement for neighbour cell up to 8km, UE should configure timing window as ±26.67us. With this range, these multiple peaks will affect a negative impact on timing measurement.
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(a) Rel-8 CRS                                                              (b) new PRS
Figure 2 Auto-correlation profile for CRS and PRS, ETU 3km/h (coherent combining within a subframe)
3. Proposed PRS pattern
From those reason, we suggested following PRS pattern for positioning measurement during e-mail discussion.
Some design aspects on PRS (Positioning Reference Signal) which we considered are summarized as follows;

· Investigation on the collision between cells to enhance the hearability considering synchronous and asynchronous networks

· Even with synchronous network, the perfect arrivals at UE side from the cells cannot be assured due to different propagation delays.

· Latin Square type RS pattern is preferable. Latin Square is defined that symbol occurs exactly once in each row and exactly once in each column.
· Even PRS distribution to several OFDM symbols within a subframe to provide enough energy for PRS

· Avoidance of null subcarriers at subframe level as much as possible, to avoid multiple peak (auto-correlation side peak) which could affect on positioning measurement performance (eg. see Figure 2)
· Not to transmit PRS in CRS-OFDM symbol is preferable.

· Power sharing problem with CRS and PRS

· To avoid interference between PRS and neighboring CRS

Based on above criteria, our proposed PRS pattern is provided as follows;

Providing that the length of PRS sequence is 
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As an illustration, the square matrix with 
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Figure 3 Illustration of PRS with N=4
The number in the figure could represent the cell ID in this example. This generation has at most one collision between two cells in all arbitrary linear shifts.

3. Application on Positioning Subframes
For normal subframe with CRS, a example of generation matrix for planning is given as Figure 4. In this example, the generation matrix are partially repeated in time and frequency to fill up the entire subframe. Based on this, PRS with 2Tx CRS in normal subframe can be designed as Figure 5.
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Figure 4 Illustration of PRS with N=6
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Figure 5 PRS in normal subframe
For MBSFN subframe with CRS, a example generation matrix for planning is given as Figure 6. Certain columns of the square matrix are pruned out in order to fit them into MBSFN subframes. Based on this, PRS with 2Tx CRS in MBSFN subframe can be designed as Figure 7.
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Figure 6 Illustration of PRS with N=12
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Figure 7 PRS in MBSFN subframe
4. Simulation Results
 The simulation parameters are shown in Table 1 [13]. When UE is dropped, the number of detectable sites is decided by Es/Iot threshold. The replica-based cross-correlation with coherent combining within a positioning subframe for timing measurement around ideal timing is performed by UE which has at least three detectable sites. We assumed the assistance data are available at UE for timing measurement. We adapted the positioning estimation algorithm as shown in [15].
For CRS evaluation, 2Tx antenna pattern with reuse 3 was adapted. For PRS evaluation, 1Tx antenna pattern with reuse 6 and 12 for normal subframe and MBSFN subframe, respectively, was adapted.

It was assumed that all the data had been blanked in corresponding positioning subframe and all CRS or PRS are transmitted from each cell.

Table 1 Simulation parameters
	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) 

	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

	Network synchronization
	Synchronous

	Cyclic prefix
	Normal CP, Extended CP

	Positioning subframe
	Normal and MBSFN subframe

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

	CRS pattern
	Rel-8

	PRS pattern
	See Figure 5 and Figure 7

	Number of receive antennas
	2

	Periodicity of positioning subframe
	80ms

	RS sequence
	Pseudo-random QPSK

	Probability of data blanking in positioning subframe
	100%

	PRS transmission probability
	100%

	Es/Iot threshold
	-12dB

	Timing measurement
	Replica based, coherent combining within a subframe


Figure 8 and Figure 9 depicts CDF of positioning error in Case1 and Case3 scenarios, respectively. We assume the requirement for positioning error as 67% for 50m and 95% for 150m as indicated in [14]. We observe that
· In Case1,
· CRS cannot achieve the requirements with 1 and 2 positioning subframes.
· CRS can achieve the requirements with 4 positioning subframes.
· PRS in normal subframe and in MBSFN subframe can achieve the requirements.

· In Case3,
· CRS cannot achieve the requirements up to 4 positioning subframes.
· PRS needs more than two subframes to meet requirements.

For both scenarios, we can also observe that multiple positioning subframes are helpful to enhance the positioning performance. Also, in some scenarios, multiple subframes are needed to meet the requirements. To satisfy the requirements with CRS, a lot of subframes are required compared to PRS. During the averaging, the positioning error will be increased. For example, 5 second averaging will result in error spread with ~14meters.
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Figure 8 Case1, ETU 3km/h
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Figure 9 Case3, ETU 3km/h
Finally, we listed the probability of positioning error for 50m and 150m in Table 2 (Case1) and Table 3 (Case3).
Table 2 Probability of positioning error (Case1)
	
	CRS

(1SF*)
	CRS

(2SFs)
	CRS

(4SFs)
	PRS-NSF**
(1SF)
	PRS-NSF

(2SFs)
	PRS-NSF

(4SFs)
	PRS-MSF***
(1SF)
	PRS-MSF

(2SFs)
	PRS-MSF

(4SFs)

	50m
	44.1%
	57.7%
	68.2%
	72.7%
	80.0%
	84.2%
	86.9%
	88.3%
	93.7%

	150m
	87.2%
	92.6%
	96.7%
	100%
	100%
	100%
	100%
	100%
	100%


* SF: Subframe

**NSF: Normal subframe

***MSF: MBSFN subframe

Table 3 Probability of positioning error (Case3)
	
	CRS

(1SF*)
	CRS

(2SFs)
	CRS

(4SFs)
	PRS-NSF**
(1SF)
	PRS-NSF

(2SFs)
	PRS-NSF

(4SFs)
	PRS-MSF***
(1SF)
	PRS-MSF

(2SFs)
	PRS-MSF

(4SFs)

	50m
	34%
	50.8%
	60.8%
	58.5%
	69.1%
	80.7%
	66.1%
	77.8%
	83.7%

	150m
	68.1%
	85.4%
	91.6%
	89.6%
	94.9%
	98.1%
	91.1%
	96.8%
	99.4%


5. Conclusion
In this contribution, we discussed some aspects on positioning support and evaluated the positioning performances by simulation. From the discussion and simulation results, we summarize our view on positioning support as follows;
· Positioning subframe
· Configured in both normal and MBSFN subframes in subframe-agnostic approach

· Bandwidth for PRS

· Entire occupation in a given bandwidth

· Need for new PRS

· Introduction of new PRS is needed to meet the requirement since the current CRS can hardly satisfy the requirements.
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