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1. Introduction
This document discusses some remaining issues on positioning support based on the analyses and the simulation results, such as 

· PRS sequence with low complexity

· Relationship between PCI and PRS sequences
· Time-varying PRS pattern on consecutive positioning subframes

· Studying the positioning performance on asynchronous network

2. Simulation Set-up
The basic simulation parameters are listed in Table 1. Only PRS is used for positioning measurements whereas the CRS is always transmitted. The Es/Iot and RSRP were practically measured at a UE side for each cell to determine the detectable cells. The RSRP of -127dBm and Es/Iot threshold of -18dB were applied unless otherwise mentioned. Given that the measurement results satisfy the threshold value, the replica-based timing measurement is performed for the detected cells to study the estimated timing accuracy. The performance of positioning fix, in principle, is dependent on both hearability and accuracy of estimated timing. The applied algorithm for timing estimation is as follows; 1) Find the maximum peak within a given search window. 2) Try to find the earliest path around the detected maximum peak. After the measured timing is reported, it performs the post-processing based on geographic circumstances. For example, if the detected timing is not within a range in a give cell configuration, that information is not used for positioning calculation. However, that post-processing may not be sometimes available in practical irregular cell configurations such as highway, riverside and so on. Finally, the UE position is calculated based on the above information.
Table 1 Simulation Parameters
	Parameter
	Assumption

	Cell layout
	Hexagonal Grid, wrap around

	Number of cells
	57 cells, 111 cells

	Inter-Site distance
	500m, 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 (Case1) and 1732m (Case 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, Asynchronous

	Cyclic prefix
	Normal CP

	Positioning subframe
	Normal subframe

	Number of transmit/receive antennas
	1/2

	CRS pattern
	Rel-8

	PRS pattern
	Diagonal pattern (eg. see in Figure 3 of from [1])

	CRS transmission
	Always ON

	CRS/PRS boosting
	6dB

	Used RS for OTDOA measurement
	PRS only

	Periodicity of positioning subframe
	160ms

	Number of accumulated consecutive subframes for positioning subframe
	Max. 4

	Number of PDCCH symbols
	3

	RS sequence
	Pseudo-random QPSK

	Blanking serving site
	Done

	Probability of data blanking in positioning subframe
	100%

	CRS/PRS transmission probability
	100%

	Cell ID planning
	Planned

	Es/Iot threshold
	-14dB, -18dB, -22dB for PRS, -6dB for CRS

	RSRP threshold
	-127dBm

	Number of cell ID lists
	16, 24, 32, 40, 48, full (UE autonomous search case)

	Max number of used sites for OTDOA measurement
	10

	Timing measurement
	Replica based, coherent combining within a subframe, non-coherent combining across subframes

	Timing measurement window
	10km


3. Discussion
(1) PRS sequence with low complexity
The principle of complex conjugate based on QPSK pseudo random sequence was proposed in [2] so that the UE can reduce the complexity by using one-shot correlator. The complexity can be reduced up to 50%. It can always provide equal to (in worst case) or better benefit in the perspective of UE complexity than conventional QPSK based one since there is no trade off between the performance and the complexity benefit. The principle is re-written here for convenience.
The reference-signal sequence 
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 is the OFDM symbol number within the slot. The pseudo-random sequence 
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 is defined in Section 7.2 in [3]. The pseudo-random sequence generator shall be initialized with  
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Figure 1 shows the positioning accuracy with conventional QPSK and conjugate based QPSK sequences in order to study cross-correlation impact from complex conjugate. Since the complex conjugate sequence also has pseudo-random property, the statistics for cross-correlation are the same as conventional one. As shown in the simulation results, both apparently show the same performances.
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Figure 1 Positioning performance of QPSK pseudo random sequence with complex conjugate
The benefit with complexity reduction is apparently significant particularly in UE autonomous search. In UE autonomous search, another complementary result for timing measurement can be obtained by exploiting complex conjugate property [2]. The same correlator for PSS detection as in Rel-8 can be reused since the root index 29 and 34 also have the complex conjugate relationship. It is noted that the current Rel-8 measurements of neighbour cells are also based on UE autonomous search. There is no reason to prohibit autonomous search in UE implementation perspective. The benefits of UE autonomous search are discussed as follows;

· The more detectable sites can provide the better positioning accuracy.

· We cannot assure the limited number of PCI lists can reflect all the possible detectable cells.

· For example, the maximum number of PCI lists as an optional feature is 32 per measurement object [4].

· Some PCIs among the given PCI lists might be sometimes unavailable in time varying environments.

· The performance for positioning fix only with PCI lists will be worse than that with entire PCI lists (see. eg. Figure 2). It can be a serious problem when the OTDOA is used for the purpose of emergency service.

Figure 2 depicts the positioning accuracy according to the number of PCI lists. The UE tried to perform timing measurement for the cells within a given PCI list. The UE autonomous search clearly shows the benefit in positioning accuracy perspective unless full set of PCI lists is provided. 
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Figure 2 Positioning performances according to the number of PCI lists
(2) Relationship between PCI and PRS sequences
The current agreement on the relationship between PCI and PRS sequences is one-to-one mapping. During the #57bis session, a concern about cell planning due to different coverage each other had been raised. In other words, the cell planning might be done based on PRS coverage because the coverage of PRS is larger than that of other channels. The following two scenarios may be considered;
· Case1: An operator provides the E-UTRA service starting from Rel-9 or future release which supports PRS transmission.
· Case2: An operator already provides E-UTRA service of Rel-8 which does not support PRS transmission. The operator will have an intension to upgrade the network into Rel-9 or future releases.
It is noted that the positioning support, here, is a part of Rel-9 services.
Apparently, Case1 has less cell planning issue than Case2 since performing cell planning will be expected with reference to PRS coverage. Even in this case, however, it will require more efforts on cell planning due to deep penetration of PRS. 

In Case2, the reconfiguration of cell planning might be necessary in some cases if the PCI collision is problematic due to larger penetrations by PRS.

To study the Case2, we consider 111 cell configurations which have 37 sites and 3 sectors per site. The allocated PCIs are assumed as shown in Figure 3. In some cases, the reuse of PCI could be small considering heterogeneous network with other types of cells such as femto cells, which means a lot of PCI consumptions within a range. We assumed the effective PCI configurations as seen in Figure 3, which has no negative impact on Rel-8 configurations with PCI reuse 66. The green colors represent that the corresponding cells are reused in PCI perspective for this evaluation. 
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Figure 3 PCI allocation for 111 cells (PCI reuse 66)
The RSRP and Es/Iot were practically measured for each 111 cell and were evaluated whether the values could satisfy those thresholds. It is noted that the lower Es/Iot threshold value represents more propagation/penetration of the signals. The exact value for RSRP and Es/Iot will be decided by RAN4. Therefore, we vary the threshold value for Es/Iot by -14dB, -18dB, and -22dB. When the same PCIs from different cells are detected according to the given threshold, the situation is defined as PCI collision here.
Figure 4 and Figure 5 show the evaluation results under above scenario. Even though there is no PCI collision in Rel-8 deployment (notated by ‘CRS, Es/Iot=-6dB’), the number of PCI collisions is increased depending on the threshold value. The collision events might be also likely to happen in smaller cell size.
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Figure 4 PCI collisions (Case 1)
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Figure 5 PCI collisions (Case 3)
(3) Time-varying PRS pattern on consecutive positioning subframes
The time varying PRS pattern for consecutive subframes has been proposed in [5]. Figure 6 shows the simulation results for studying the performance of time-varying PRS pattern. The three consecutive subframes for positioning were assumed and the positioning subframes were accumulated at every periodicity during 320ms. The time-varying PRS pattern shows the marginal performance gain compared to non-time varying PRS pattern. On the other hand, the change of PRS pattern across subframes might be able to make the implementation more or less complicated compared to non-change of it, depending on UE implementation. Therefore, it seems that the more careful consideration is needed to adopt the time varying PRS pattern.
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Figure 6 Performance for time-varying PRS pattern
(4) Studying the positioning accuracy on asynchronous network
In this section, the positioning accuracy will be studied in asynchronous network. This study focuses only on the impact from LIS (Low Interference Subframe) mismatching in asynchronous network. The network synchronization error is not modelled. We considered the partial aligned network depicted in [6] for the simulation while there is no clear definition in the specification for that as already indicated in [7]. The illustration of partial aligned network is shown in Figure 7.
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Figure 7 Illustration of asynchronous network with partial alignment for simulation (captured from [6])
Figure 8 depicts the positioning accuracy in asynchronous network with partial alignment. The four consecutive subframes were assumed. In addition to that, multiple accumulations at positioning subframes during 160ms and 1.6s, respectively. The durations of 160ms and 1.6s are corresponding to 1 and 10 periodicities for positioning subframes. As seen in the results, it can be found that much more accumulations are necessary to meet the positioning requirement in asynchronous network with partial alignment than in synchronous network (eg. compare it with Figure 1). 
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Figure 8 Positioning accuracy in asynchronous network with partial alignment
4. Summary
In this contribution, we discussed several remaining issues on positioning support. Based on the discussion and simulation results, we summarize our conclusions for the remaining issues on positioning support as follows;
· PRS sequence with low complexity

· The complex conjugate principle which enables an efficient correlator should be adopted.
· Relationship between PCI and PRS sequences

· It may be mainly dependent on the operators’ preferences. Further discussion will be needed during the meeting.
· Time-varying PRS pattern on consecutive positioning subframes

· Further discussion will be needed during the meeting.
· Studying the positioning performance on asynchronous network

· More accumulations are necessary to meet the requirement in asynchronous network than in synchronous network.
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