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1. Introduction

There were some discussions on PRS sequence design [1][2][3]. This contribution provides the discussion and our views on the following issues;

· Number of PRS sequences in conjunction with PCI

· PRS sequence type

· PRS sequence mapping

· PRS sequence periodicity
2. Discussion on PRS sequence
· Number of PRS sequences in conjunction with PCI
It is natural that one-to-one relationship between modulated PRS sequences and PCIs as Rel-8 CRS/DRS has that relationship. To have the same modulated sequences for different PRS pattern can be applied on the assumption of good cell planning. However, even in case that the different cells have the different PRS patterns, the PRS sequence should be differentiated according to PCIs in order to support no cell ID planning case.
Proposal: The number of modulated PRS sequences is same as the number of PCIs, ie. 504, and there is one-to-one mapping between modulated PRS sequences and PCIs.
· PRS Sequence Type

We consider the following three types of PRS sequences as following;
· Pseudo-random QPSK sequence , which is already deployed in [4] generated from Gold sequence
· SSS-based sequence [3]

· CAZAC (Constant Amplitude Zero Auto Correlation) family sequence [1][2]

· We discuss only ZC (Zadoff-Chu) sequence to narrow down the scope.

We listed the discussion on the above candidates considering the following perspectives in Table 1; sequence property, number of differentiable modulated sequences, PAPR, and complexity.

Table 1 Comparison of several sequence types
	
	Pseudo-random QPSK
	SSS-based
	Zadoff-Chu

	PAPR
	- No problem in DL transmission because it is similar to conventional OFDM transmission (~9dB)

- The PAPR is consistent regardless of PRS pattern and frequency mapping

- Independent of PRS pattern
- No problem in DL transmission because it is similar to conventional OFDM transmission (~9dB)

- The PAPR is consistent regardless of PRS pattern and frequency mapping

- Independent of PRS pattern
	- Low PAPR in case of contiguous or equi-distance mapping in frequency domain at OFDM symbol level

- Dependent on PRS pattern

- Severe restriction to PRS pattern design

	Sequence property
	- Time domain ZAC (Zero-Auto Correlation) property in terms of periodic auto-correlation as long as the frequency domain amplitudes are constant

- The overall cross-correlation properties converge to pseudo-random characteristics.
- Time domain ZAC (Zero-Auto Correlation) property in terms of periodic auto-correlation as long as the frequency domain amplitudes are constant

- The overall cross-correlation properties converge to pseudo-random characteristics.
	- Dual CAZAC property holds in both time and frequency domain

- The cross-correlation for different root sequences has 1/sqrt(N) when N is prime number.

- Modification such as truncation or cyclic extension is required to fit in frequency resource

	Sequence alphabet
	- QPSK
	- BPSK
	- Poly-phase

	Number of sequences
	- Can be generated as many as 504 PCIs
	- Can be generated as many as 170 with pure SSS based one
- 504 may be possible with some modifications such as the combination with PSS/SSS-based scrambling or with different interleaving pattern
	- Can be generated as many as 12 with truncation from length 13 ZC in 1.4MHz bandwidth to hold CAZAC property
- Further signatures can be generated with circular shifts. But, this will increase the false alarm due to multiple peaks similar to CRS. It should be avoided in positioning fix which is trying to measure timing for neighbouring cells with very low SINR.

	Complexity
	- The complex multiplication can be replaced to simple sign converter when the fast correlation algorithm via FFT/IFFT is employed.

- 50% reduction of complex additions with Fast correlation algorithm (eg. See Ch.3)
	- It was claimed that the multiple hypotheses can be done via Fast Hadamard Transform like SSS detection.
- It is true only for coherent PRS detection, which requires the available channel information from all cells.

- In case of non-coherent PRS detection, it requires a lot of timing hypothesis tests. The phase rotation in frequency domain cannot be avoided in practical scenario because the timing ambiguity always exists between sampling times.
- Therefore, the SSS-based approach cannot reduce the complexity in practice.
	- The complex multiplication cannot be avoided due to poly-phase characteristic regardless of algorithms.
- The root index symmetry property (u1+u2=Nzc) can help to reduce the complex multiplications.

	Compatibility with Rel-8
	- The same sequence generator can be used as Rel-8 as it is.
	- SSS codes can be reused
- But, new optimizations are necessary for the pseudo-random interleaver.
	- The sequence generator can be reused from Rel-8.
- Careful selection is required because PSS in DL employs ZC sequence. Also, it is necessary for UL waveform considering TDD operation.


Proposal: From the above discussion, we prefer to use pseudo-random QPSK sequence for PRS which is inline with current CRS/DRS of Rel-8.
· Sequence Mapping
The specific mapping rule might be necessary in selection of ZC sequence. Otherwise, we do not see the reason to have different mapping rule for CRS/DRS as defined in [4].
Proposal: Same principle for PRS sequence mapping as Rel-8 RS
· Sequence Periodicity
The periodicity of CRS in Rel-8 is currently 10ms. In neighbouring cell measurements, the subframe boundary can be indentified after detecting PSS and SSS. However, in positioning measurement, the UE may not be able to use PSS and SSS from neighbouring cells due to hearability problem. It is noted that the common physical signal cannot be turned off due to the fact that it may give an impact on the measurement and tracking of Rel-8 UE. Therefore, if the periodicity of PRS sequence exceeds one subframe, the identification of subframe boundary is necessary. It means that the additional channel or signalling is needed to identify the subframe boundary.
Proposal: The periodicity of PRS sequence is 1ms (a subframe).
· Complexity Reduction
To consider complexity for UE in designing PRS pattern/sequence is important due to the following reasons;
· UE autonomous search
· The current Rel-8 measurement for neighbouring cell is based on UE autonomous search. The better accuracy of positioning fix can be achieved by UE autonomous search in addition to the candidate PCI sets for positioning measurement since the more hearable sites can enhance the positioning accuracy.
· A lot of blind correlations

· The agreement on assistant data does not currently have some system information such as bandwidth and CP configuration [7]. Although the network can configure the proper assistant data to UE, UE may need the blind correlations in some cases.
· UE battery consumption
· The complexity in searcher is quite critical in mobile terminal since it is directly related to UE battery consumption.
· In principle, several schemes for low complexity have been adopted in design of current Rel-8 DL/UL synchronization channel, eg. PSS, SSS, PRACH.

From the reasons above, we propose to adopt the principle of complex conjugate from pseudo-random QPSK sequence. This principle is the same as the complexity reduction schemes in PSS and PRACH of Rel-8 with ZC sequence, in which the root index symmetry with odd-length in ZC sequence has the complex conjugate property. The pseudo-random principle still holds with complex conjugation as long as the sequences are generated in a pseudo-random fashion.
Assuming the periodicity of PRS sequence is a subframe and the entire system bandwidth is used for PRS transmission, the positioning reference signal 
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in case of frequency reuse 6 as seen in [6] is defined by
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where 
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 is the slot number within a radio frame and 
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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 [4]. The pseudo-random sequence generator is initialized with 
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 at the start of each OFDM symbol where
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This complex conjugate property enables the UE to save the complexity as much as 50% by getting complementary correlation result (eg. See Annex).
Proposal: It is proposed that the complex conjugate principle is adopted for PRS sequence.
3. Summary
In this contribution, we discussed the aspects on designing PRS sequence. We summarize our views on those issues below;
· Number of PRS sequences: 504 (same as the number of PCIs)

· PRS sequence type: pseudo-random QPSK sequence with complex conjugate to reduce the complexity by 50%
· Sequence mapping: same principle as Rel-8 CRS
· Sequence periodicity: one subframe (1ms)

References
[1] R1-091788, Huawei, “Positioning reference signals design”
[2] R1-091906, Pantech & Curitel, “Considerations on PRS sequence generation”
[3] R1-092207, Qualcomm Europe, “Positioning Performance and Design of PA-RS”
[4] TS36.211, v8.6.0, “Physical Channels and Modulation”
[5] R1-092213, Ericsson et al., “WF on RAN1 concept for OTDOA”
[6] R1-092483, LG Electronics, “Details on PRS Pattern”
[7] R1-091648, Ericsson et al., “Way forward on OTDOA positioning”
[8] Bracewell, R. “Pentagram Notation for Cross Correlation. The Fourier Transform and Its Applications”, New York; McGraw-Hill, 1965
Annex. Complexity Reduction with Complex Conjugate
It is well known that the linear cross-correlation can be effectively implemented via so-called ‘fast cross correlation’ with overlap-add method or overlap-save method in practical field using cross correlation theorem by FFT/IFFT [8]. We consider the overlap-add method to explain fast correlation for convenience.
The circular correlation can be computed very efficiently as follows from the cross correlation theorem;
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 is PRS sequence. The DFT/IDFT function is implemented by FFT/IFFT.
Figure 1 illustrates the overlap-add method for linear correlation.
[image: image12.emf]r(n)

L L L

x1(n)

M-1 zeros

x2(n)

M-1 zeros

x3(n)

M-1 zeros

Output data

y1(n)

y2(n)

y3(n)

M-1 points add together

M-1 points add together


Figure 1 Linear correlation by the overlap-add method
Let us assume two sequences satisfy the relationship of complex conjugate each other in frequency domain as follows;
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The following relationship also holds;
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It can be easily shown that 
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Let us assume 
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Therefore,
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The final correlation output for m0 and m1 can be given as follows; 
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where 
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 can also avoid complex multiplications.
From the above derivations, it is verified that the complementary correlation output can be obtained with common complex multiplication of 
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