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Introduction
In RAN#83, NR positioning WID was approved [1] to specify solutions to enable RAT dependent (for both FR1 and FR2) and RAT independent NR positioning techniques, an agreement on sequence for NR PRS was made:
“DL PRS sequence is generated using a Gold sequence generator as defined in TS 38.211 Section 5.2.1
· FFS: cinit value for DL PRS
QPSK modulation is used for the DL PRS signal transmitted using CP-OFDM
FFS: Whether a DL PRS sequence generated using a different mechanism is also specified.”
While agree on Gold sequence for Rel-16 PRS, we think the possibility for new sequence was not fully discussed, in this contribution we provide a new sequence that may have better performance for positioning usage for future study.
[bookmark: _Ref178064866]Discussion
Traditional way for PRS sequence is that it can be generated with the pseudo-random sequence from a length−31 Gold sequence. The output sequence  of length ,where , is defined by



where  and the first m-sequence shall be initialized with . The initialization of second m-sequence is denoted by  with the value depending on the application of the sequence.
 
 equals 
There are various other methods of constructing the Gold sequence family. One of the typical constructions is to make use of the trace function. The idea works as follows. Let  and let  be a generator of the multiplicative group . 
Then the Gold sequences are , where  is the trace function from  to .
To generalize the above idea to finite fields of odd characters, we consider the sequence , where  is a quadratic multiplicative character from  to . 
The pre-defined steps of the construction of Gold-like sequence are as follows:
1. Let  be an odd prime power. Let  be a map from  to  defined as 

2. Consider the set of monic quadratic polynomials

3. Define an equivalence relation in  as follows:

4. Define 

 Construction of Gold-like sequence:

1. Fix a generator ;
2. For each polynomial  in  defined above, define 

3. The sequence family is defined as 




 







Properties of Gold-like sequence:
1. The length of our Gold-like sequence is , where  is an odd prime or odd prime power.
2. The number of Gold-like sequence is .
The PRS sequence based on Gold-like sequences is like the PRS sequence used in LTE, truncated from a very long Gold-like sequence.
Similar with LTE, to maximally randomize the inter-cell interference, or equivalently, minimize the cross-correlation among the PRSs from different cells, the initial value of the sequence should depend on the OFDM symbol index in a slot, the slot number within a radio frame, as well as the PRS ID.
[bookmark: _Ref525326172][bookmark: _Hlk7645098]Proposal 1.  The initialization of the random sequences for PRS generation should depend, at least, on the OFDM symbol index in a slot, the slot number within a radio frame, as well as the PRS ID.
Consider the maximum number of PRS ID in LTE is 4096, the symbol index in a slot and the slot number within a radio frame, we recommend to use  Gold-like sequence to cover all the three parameters to initialize the random sequences for PRS generation.
[bookmark: _Hlk7645111]Proposal 2.  The initialization of the random sequences for PRS generation should use the Gold-like sequences which generated from .
Because every polynomial  decides a Gold-like sequence family, so we can use the method below to initialize the PRS signal.


	
	is the OFDM symbol number in the slot  within a radio frame
	 is the slot number within a radio frame
Compared with Gold sequence, our Gold-like sequence has the following two advantages:
1. The length of Gold-like sequence is  where  can be any odd prime or odd prime power. But the length of Gold sequence can only be in the form of . This means that our Gold-like sequence provides more flexibility on the length. This fact has great significance when we need another specific length for generating PRS. For example, if we need 400 sequences of length of 400, we can just generate 400 PRS sequence based on Gold-like sequences of length 400 generated from .It has a better auto-correlation and cross-correlation property than PRS signal truncated from Gold sequence of length .

We randomly choose two PRS sequences based on Gold sequence and two PRS sequences based on Gold-like sequence.

	
	Auto-correlation of seq1
	Auto-correlation of seq1
	Cross-correlation

	Gold sequence
	56
	60
	66

	Gold-like sequence
	40
	40
	38


Table 1 Correlation properties of Gold sequences and Gold-like sequences
2. PRS sequence based on Gold-like sequences have better auto-correlation and better cross-correlation than PRS sequence based on Gold sequences. For example, to generate the required PRS in LTE. We randomly choose 3 groups of PRS sequence based on Gold sequences and 3 groups of PRS sequence based on Gold-like sequences. By simulation, we can see that both of the auto-correlation and cross-correlation of PRS sequences from Gold-like sequences is better than that from Gold sequences.
PRS sequences based on Gold-like sequences have much better max correlation property than that of PRS sequences based on Gold sequence.
  Below we give two figures to show the auto-correlation and cross-correlation of PRS sequence of length 400 truncated from a long Gold-like sequence of length 573451

[image: ]
Figure 1 auto-correlation of the Gold-like PRS signals 
[bookmark: _GoBack][image: ]
Figure 2 cross-correlation of the Gold-like PRS signals
Conclusion
Here is the list of proposals for this contribution:
Proposal 1: The initialization of the random sequences for PRS generation should depend, at least, on the OFDM symbol index in a slot, the slot number within a radio frame, as well as the PRS ID.
Proposal 2: The initialization of the random sequences for PRS generation should use the Gold-like sequences which generated from .
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