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1. Introduction
The status of OTDOA positioning support for LTE (part of positioning support work item [1]) in RAN1 is as follows (based on the agreed way forward in RAN WG1 #56bis [7]) – 

1. Provisioning of Positioning Subframes or Low Interference Subframes (LIS) to enable improved hearability (and hence improved positioning performance) has been agreed. 
2. Remaining open issues are – 
a. Creation of LIS using normal subframes or MBSFN subframes or both.
b. Time and frequency allocation of LIS. 
c. Need for Positioning Assistance Reference Signal (PA-RS) is FFS.
d. If PA-RS is required, design of sequence and pattern of PA-RS.
In this contribution, we address the above mentioned open issues and present our preferred approach for OTDOA positioning. 
2. Hearability Enhancement Proposals
In contributions [2], [3] and [4] we presented a hearability enhancement proposal for OTDOA in LTE. Similar proposals have been made by other companies as well in recent RAN1 meetings (for example see [11], [12] and [13]). Most of these proposals consist of two essential elements: 
1. Blanking data transmission on some subframes, referred to as Positioning Subframes or Low Interference Subframes (LIS), to enable UEs to detect signals from weak cells in this duration. The required overhead for this method is extremely low (0.1 - 1 %).
2. Additional RS, referred to as Positioning Assistance Reference Signal (PA-RS), are transmitted on the blank subframes to improve accuracy and/or reduce time to fix in synchronous networks. Orthogonal (or semi-orthognal) PA-RS patterns for different cells, together with fractional transmission probability, is used to create a reuse pattern on the PA-RS which allows a UE to detect very weak cells in a synchronous network.
3. Open Issues on LIS
LIS can be created by either 1) blanking PDSCH transmission in normal subframes or 2) using MBSFN subframes to blank both PDSCH and CRS transmissions (except for the first two OFDM symbols). The main difference between the two approaches of course is whether or not the CRS is transmitted.

The choice of normal subframes provides greater configuration flexibility compared to MBSFN LIS. In particular, normal subframes enable configuration of LIS with greater periodicities (and hence lower overhead) than the maximum MBSFN subframe periodicity currently allowed (320 ms). The benefit of MBSFN subframes on the other hand is the reduced interference due to lack of CRS transmission. 

In a synchronous network with PA-RS transmission, we do not see a significant performance benefit from using MBSFN transmission since the PA-RS can always be made to use OFDM symbols that are not being used by CRS. Our simulation results (shown later) show that the reduced processing gain from not using the ODFM symbols used for CRS transmission is not significant. There may however be some implementation advantages (for example to help AGC convergence) to using MBSFN subframes. In a synchronous network without PA-RS transmission, we see later in the document that there is indeed some benefit from using MBSFN subframes. 

As mentioned earlier, the PA-RS does not provide any benefit in an asynchronous network since the PA-RS from the neighboring cell does not coincide with an LIS from the serving cell. In this case, if a normal subframe without PDSCH transmission is used for LIS, then CRS detection from the neighboring cell will suffer in the case where it collides with CRS from the serving cell. Figure 1 below shows the SNR cdf’s of the five strongest cells when normal and MBSFN subframes are used for LIS, for the case when all cells in the network are subframe-synchronous. It can be seen that the use of MBSFN subframes does provide some gain, however the gain is not very large. If the network is not subframe synchronous (a more practical scenario), however, the performance of normal subframes could be significantly better (if the CRS from the two cells happen to lie in non-overlapping OFDM symbols) or worse (if the OFDM symbols containing CRS overlap partially, in which case the ICI/ISI caused by the CRS will impact all tones, not just the tones containing the CRS). Therefore we do see some advantage in enabling use of MBSFN subframes for LIS in the asynchronous case.
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Figure 1 – SINR CDFs of top 5 cell sites in Case3 Asynchronous Network

Regarding the periodicity of the LIS, our simulation results thus far ([2], [3], [4] and this contribution) indicate that coherent accumulation of one subframe is sufficient to get good positioning performance. Periodic allocation of LIS will enable non-coherent combining and additional diversity against fading. A larger bandwidth of the reference signal (CRS or PA-RS) in low interference in LIS will enable protection against deep fades and significantly improve multipath resolution. Therefore, we prefer that the LIS span an entire subframe, and also that allocation of contiguous subframes for LIS transmission is unnecessary.
Semi-static and periodic allocation of LIS will enable configurable fixed overhead. In UTRAN, the overhead of Idle Periods is around 1%. LIS periodicities in the range of {8, 16, 32, 64} radio frames allow configuration flexibility while keeping the overhead small.
An on-demand or trigger-based method has been proposed for LIS configuration in [14]. It is claimed that such a method will result in lower overhead compared to a semi-static configuration. It is difficult to estimate the overhead of this method, however, given that the overhead depends on the load of UEs positioning themselves using OTDOA at any given time. Moreover, we believe that the number of resource block pairs required for achieving reasonable multipath resolvability and deep fade protection is much higher than the 1-2 RBs suggested in [14].  Hence, we prefer semi-static LIS allocation, which has the further advantage of not requiring any changes to the X2 interface (in fact, some eNBs may not even support an X2 interface). 
4. Open Issues on PA-RS
4.1. Need for PA-RS
The PA-RS patterns shown in Figure 2 were proposed in [2] for hearability enhancement in synchronous and partially synchronous networks. It is assumed that PA-RS is transmitted from a single physical antenna port. Given that data is blanked in an LIS, the whole power of the OFDM symbol on which PA-RS is transmitted can be allocated to PA-RS. This implies that PA-RS can be boosted upto a maximum factor of 6 (i.e., approximately 8dB) over the nominal power allocation to CRS on antenna port 0. 
It has been suggested that boosting may be applied to CRS as well. It seems, however, that CRS transmit power can only be modified on a semi-static basis. Sudden boosting of CRS in LIS will disrupt mobility measurements, CQI measurements and channel estimation procedures in legacy Release-8 UEs. Hence, no boosting is assumed for CRS. 
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Figure 2 – Resource Block Pair in a Low Interference Subframe

Without PA-RS, Time of Arrival (TOA) measurements must be made using CRS. In a synchronous network, when CRS is transmitted by all cells in the LIS, the measurement signal, the CRS provides a reuse-3 pattern (assuming two transmit antennas at the cells). Figure 3 below shows the CDFs of top 5 cell sites (rightmost being the best cell site and left most being the 5th best cell site in a given set of curves) for Case 3 with CRS and boosted PA-RS. We can see that the PA-RS provides a significant hearability benefit with respect to the CRS. For example, the third best cell site with boosted PA-RS is always better than -5 dB while the third best cell site with CRS has less than -10 dB SINR for about 22% of users. We use -10dB for this comparison based on Figure 4 below which shows the detection probability with CRS in an LIS as a function of geometry for a flat fading channel. We see that 1% mis-detection probability is achieved at -10 dB SINR. 
From the above comparison, we can see that while the PA-RS can provide for a 100% detection rate for three sites, there is a significant probability that we will not be able to detect three sites with CRS only.
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Figure 3 – SINR CDFs of top 5 cell sites with CRS and Boosted PA-RS in Case 3 Synchronous Network
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Figure 4 – Detection probabilty in a Flat Fading Channel with CRS at 1e-5 False Alarm Rate
One method of increasing the reuse factor on CRS is to use MBSFN subframes to blank transmission from some cell sites (all cells of the site) completely [15]. In this contribution, we simulate planned time reuse of MBSFN subframes. Essentially, the cell sites are grouped into three groups. Each group transmits MBSFN LIS one third of the time and normal LIS two thirds of the time in a planned manner. We call this approach MBSFN+CRS method in the rest of the contribution. This method results in an improved reuse factor as compared to CRS transmission, however this improved reuse factor does require use of multiple subframes, resulting in imcreased time-to-fix. The performance of this technique as compared to PA-RS is shown in Figures 5 - 8. The simulation parameters used are summarized in Table 1 and are consistent with the parameters accepted for positioning performance evaluations [5].
Table 1 – Simulation Parameters

	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



	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, Bad Urban profile of T1P1.5

	Network synchronization
	Synchronous

	Cyclic prefix
	Normal

	Number of transmit antennas
	2

	Number of receive antennas
	2

	LIS Period
	320 ms

	Number of neighbor cells
	16

	PA-RS transmission probability
	100%

	Number of LIS to fix
	1, 2 and 3

	PA-RS Pattern
	Figure 2

	PA-RS Sequence
	Pseudo Random QPSK (when not mentioned) or SSS Based

	Search window duration
	4 km (around ideal first arrival path)


Figure 5 and Figure 6 show position error CDFs and cell site detection CDFs
 respectively in Case 3 synchronous network scenario with ETU channel model for different methods. The MBSFN+CRS method takes 3 LIS to achieve performance that is comparable to performance achieved with 1 LIS of PA-RS. In other words, the MBSFN+CRS method requires about thrice the overhead as PA-RS to achieve the same performance. Similar results are shown in Figure 7 and Figure 8 for Bad Urban channel model [9]. Again, the MBSFN+CRS method takes longer time to fix to achieve comparable performance with 1 LIS of PA-RS. The PA-RS method achieves performance that is close to the performance achievable using Ideal Measurements in both the channel models. With PA-RS method more cell sites are heard on an average even with 1 LIS. This will be useful in real-world scenarios where some of the cell sites do not have Line of Sight (LoS). 
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Figure 5 – Postion Estimation Error CDFs for ETU Channel in Case 3 Network Scenario
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Figure 6 – Detected Cell Site CDFs for ETU Channel in Case 3 Network Scenario
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Figure 7 - Postion Estimation Error CDFs for BU Channel in Case 3 Network Scenario
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Figure 8 - Detected Cell Site CDFs for BU Channel in Case 3 Network Scenario
From the above, it appears that PA-RS and MBSFN + CRS can both achieve very good performance for the simulated models, with the MBSFN + CRS scheme however requiring thrice the overhead (or equivalently, time-to-fix, as the PA-RS method). One caveat to this is that the simulation results presented in this section do not model many receiver non-idealities that can impact the positioning performance. Since the PA-RS scheme does result in detection of more cell sites, it seems more robust to these receiver imperfections. Moreover, we have noted previously that the PA-RS enables power boosting whereas the CRS does not. While this difference does not show up in the above simulation results, primarily because the deployment is not link budget limited, it may indeed provide some benefits in many practical scenarios. 

4.2. PA-RS Sequence Design
Most of the simulation results shown above are for the case when assistance data is available to the UE and the UE only searches for the cells provided as part of the assistance data. However, in some cases such assistance data may not be available and the UE may have to search for surrounding cells. PA-RS sequences that enable low complexity cell detection are needed in such scenarios.
The PA-RS design we propose here is based on SSS sequences. The sequences 
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used for the secondary synchronization signal (SSS) were used as the base sequences. The sequence for a given physical layer cell identity 
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is obtained by repeating the corresponding length 62 SSS sequence 4 times to form a length 248 sequence. The sequence is permuted with a pseudo random interelaver and then truncated to a length 220 sequence. The procedure is applied for every OFDM symbol with PA-RS using different interleavers for different OFDM symbols. 
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Figure 9 – Comparison of Pseudo Random and SSS Based Designs for PA-RS

The searcher for the PA-RS design presented in this section is very similar to SSS searcher and therefore the SSS searcher can be used for PA-RS reception with minor changes. The results in Figure 9 above show that this design achieves the same performance as a pseudo-random sequence on both TU and Bad Urban channel models when assistance data is in fact available. Thus the reduction in search complexity does not come at a cost in performance.
4.3. Comparison with Other PA-RS Designs

Several PA-RS designs were proposed in RAN WG1 #56bis meeting. Broadly, the proposals can be classified into two categories – 

1. Pattern based designs – In these designs, there are larger number of patterns and a few sequences per pattern. Ericsson’s proposal based on Costas Array and Pantech’s proposal based on Modular Sonar sequence fall in this category. For instance, the Costas Array design has 81/42 patterns for normal/extended CP subframes. These designs increase UE complexity because of the need to search for sequences for each of the patterns.
2. Sequence based designs – In these designs, there are small number of patterns with large number of sequences per pattern. All the other proposals (LG, Nortel and Motorola) have 3-10 patterns. The Nortel design does not span the whole bandwidth and hence will not remove the problem of secondary correlation peaks. Other proposals will require independent planning of CRS and PA-RS. A reuse factor of 6 seems to be sufficient to get performance close to that possible with ideal measurements. These designs enable a low complexity receiver if the sequence design is based on sequences with low complexity transforms (like Walsh or m-sequences)
The PA-RS design (both pattern and sequence) presented in this contribution provides several benefits – 

1. Low time to fix – one LIS is sufficient to get 100% fixes.
2. High number of detected cell sites.
3. Large processing gain.
4. Ability to boost transmission PSD so as to use up the entire transmission power of the cell.
5. Good auto correlation with no secondary peaks because PA-RS is not sub-sampled in frequency domain like CRS
6. Common planning for both CRS and PA-RS.
7. Lower search complexity.
8. Works in synchronous as well as partially synchronous systems.
9. Performance close to Ideal Measurements peformance.
Some of the above factors – for instance, lack of secondary peaks – could become important for a practical receiver. In the simulation results we presented so far ([2], [3], [4] and this contribution), ideal knowledge of first path of all the cells was assumed. The search window for each cell was centered on the ideal first path of that cell. In a practical receiver, the secondary peaks will cause false first path detections which in turn will create large positioning error.
5. Conclusions

In this contribution, we presented analysis and simulation results for the open issues on Low Interference Subframes (LIS) and Positioning Assistance Reference Signal (PA-RS). Based on these results, we conclude that:
1. A semi-static periodic LIS configuration is preferable to on-demand LIS configuration. LIS peridocities in the range of {8, 16, 32, 64} radio frames can be used. We prefer to have periodic allocations of one subframe each spanning the entire system bandwidth so as to allow for maximum multipath resolution.
2. PA-RS and MBSFN + CRS schemes are both able to achieve very good performance; however the MBSFN + CRS scheme does require thrice the overhead (or equivalently, time-to-fix) to provide the same performance. Moreover, the PA-RS scheme may provide additional benefits in scenarios other than the ones simulated; for example in link-budget limited scenarios (due to the ability to power boost) or once realistic implementation margins are included (since the PA-RS results in detection of more cells). 

3. If it is determined that a PA-RS is needed, we propose the following PA-RS structure:

a. 6 PA-RS patterns, similar to CRS patterns (shown in Figure 2).
b. SSS based PA-RS sequence.
c. Flexible time reuse of PA-RS with configurable transmission probability.
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� Note that the maximum number of cell sites is limited to 14 because only 16 neighbor cells are being searched
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