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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 on this:
“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
In previous proposal, we proposed a new Gold-like sequence which has good correlation property and then use it to design positioning reference signal in 5G. To analysis the sequence performance in different scenarios by using Matlab 5G Tool Box, is one of the objectives of this SI. 
Our Gold-like sequence can be generated in the following way.

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 




 






LTE PRS is transmitted with subcarrier spacing =15 kHz and 2048 resource blocks. The length of the sequence is the same as Gold sequence used in LTE, which is 400. 
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.
In this proposal, we first generate 400-length Gold-like PRS by truncating the 573451 length Gold-like sequence and use Matlab simulation tools to analyze the performance of this PRS. The Channel model is the nrCDLChannel in Matlab 5G Tool box which sends an input signal through a clustered delay line multi-input multi-output link-level fading channel to obtain the channel-impaired signal. The nrCDLChannel implements the following aspects of TR 39.901[2]:
1. Section 7.7.1: CDL models
2. Section 7.7.3: Scaling of delays
3. Section 7.7.6: K-factor for LOS channel models
Common parameters provided in Table 1 and Table 2 below are agreed for NR Positioning evaluations and captured in the 3GPP TR 38.855. 
Table 1 Parameters common for all evaluation scenarios
	Parameters
	FR1 Specific Values
	FR2 Specific Values

	System parameters
	
	

	Carrier Frequency, GHz
	4 GHz
[TR 38.802]
	30 GHz
[TR 38.802]

	UE Noise Figure, dB
	9dB [TR 38.802]
	13dB [TR 38.802]

	gNB Noise Figure, dB
	5dB
	7dB

	Subcarrier spacing, kHz
	15 kHz
	120 kHz

	UE Antenna
Radiation Pattern
	Omni, 0dBi
	Antenna model in Table 2

	PHY/Link Level abstraction
	Explicit simulation of all links, individual parameters estimation is applied. Companies to provide description of applied algorithms for estimation of signal location parameters. For future study whether a common algorithm is to be agreed upon.

	Network Synchronization assumption
	Network synchronization error. Network sync error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an gNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing  difference of T2 ns, the range of timing errors is [-T2, T2], T2 = 2*T1.

T1 = 0 (perfectly synchronized) and T1 =50 ns are evaluated



Table 2 UE antenna radiation pattern model 1 (FR2) (same as Table A.2.1-8 in TR 38.802)
	Parameter
	Values

	Antenna element radiation pattern in  dim (dB)
	


	Antenna element radiation pattern in  dim (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	5dBi

	
	
Note:  are in local coordinate system.



To simplify the simulation, we assume both the transmit and receive antenna arrays are single. The other parameters of each scenarios follows TR38.901-f00. All the signals demodulations use QPSK hard decision.
We mainly show 2 different scenarios to find out the correlation performance of the Gold-like PRS after the LOS channel defined in TR38.901-f00. We find that the Gold-like PRS perform good, and then we test how much the multipath effect affects the correlation of the Gold-like PRS.
	
	Indoor Office

	4GHz
	Scenario1

	30GHz
	Scenario2


[bookmark: _Ref525326172][bookmark: _Hlk16795264]
[bookmark: _Hlk7645098]Proposal 1.  The mapping rules of resource blocks can be similar to LTE PRS mapping rules.
Because 5G PRS criterion has not been determined, we use the same amount resource blocks and the mapping rules as LTE PRS to see if it works. 

[image: ]
Figure1 cross-correlation scenario1 LOS Gold-like PRS

[image: ]
Figure 2 cross-correlation scenario1 LOS Gold PRS 
We can see that the correlation performance of the Gold-like PRS is nearly the same as Gold PRS in the scenario and both of them are suitable for this scenario. Actually, they are nearly the same in all the scenarios. 
Proposal 2: The use of Gold-like PRS in different scenarios is feasible and recommended.
Then we add another NLOS path in scenario1 which delays 0.5ms, we can see the influence in the correlation figure.
[image: ]
Figure 3 cross-correlation scenario1 LOS+NLOS
We continue to add 4 paths with spread delay form 0.1ms to 0.4ms and have similar path loss and spread angles.
[image: ]
Figure 4 cross-correlation scenario1 5 path 
If we increase the NLOS path loss of each path to 10db smaller than the main path, we can have good correlation property.

[image: ]
Figure 5 cross-correlation scenario1 5 path increase path loss

Then we test the 30GHz scenario2 with 120kHz subcarrier as 245.76MHZ sample rate.

[image: ]
Figure 6 cross-correlation scenario2 LOS Gold-like PRS
We then add 4 paths with spread delay from 0.01ms to 0.04ms, and have similar path loss and spread angles.

[image: ]
Figure 7 cross-correlation scenario1 5 path
We can find that the correlation figure is better than that in scenario 1.

Conclusion
Here is the list of proposals for this contribution:
Proposal 1: The mapping rules of resource blocks should be similar to LTE PRS mapping rules.
[bookmark: _Hlk16798294]Proposal 2: The use of Gold-like PRS in different scenarios in 5G is feasible and recommended.
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