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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At the RAN#83, the final version of work item description on NR Positioning was approved [1], one of the objective of core part WI is specify NR DL and UL reference signals to facilitate support of NR positioning techniques (DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID) [RAN1]:
	Specify NR DL and UL reference signals to facilitate support of NR positioning techniques (DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID) [RAN1]
· Support E-CID downlink measurements based on at least RRM measurements defined in NR Rel. 15
· Identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques
· Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT
· Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA


In this contribution, we focus on define new DL positioning reference signals applicable for OTDOA.
[bookmark: _Ref129681832]Reference Signals for OTDOA
CSI-RS/TRS for positioning
In NR, the CSI-RS/TRS can be an option of reference signal used to measure time different of arrival, whose advantages are obvious that we don’t need to define a new PRS and it won’t occupy any more resource elements in DL signal. But CSI-RS/TRS has many disadvantages used to positioning, for OTDOA positioning, UE needs to receive signals from multiple gNBs, and CSI-RS/TRS doesn’t have enough hearability to support positioning. [2] There is only one CSI-RS/TRS symbol during a slot, and it can’t meet the requirement that NR DL PRS transmission spans multiple PRBs within N (1 or more) consecutive symbol(s) within a slot. [3] Hence, define a new reference signal for positioning similar to existing PRS (LTE PRS) might be a good choice to meet the requirements.
Proposal 1: A new DL positioning reference signal for OTDOA should be considered.
Existing PRS
The existing PRS solves the problem of hearability and supports multiple symbols span, but it only supports acquisition, but cannot support the tracking process. It is well known that tracking process can provide better ranging accuracy than acquisition. Thus, it is beneficial and more convenient to introduce a new PRS that support tracking process to improve the ranging accuracy.
Proposal 2: NR should define a new PRS that supports tracking process to improve the ranging accuracy.
Design of a new DL positioning reference signals for OTDOA
For meeting the requirement of supporting tracking process, we proposed a new PRS called Low Power Embedded PRS for NR DL positioning. The Low Power Embedded PRS shares resources with communication data by embedding a low power positioning reference signal into data service resource blocks over a large bandwidth and transmits continuously to meet the requirement of supporting tracking process. The receiver could distinguish the positioning and communication signal by power domain. The generation procedure and analysis of Low Power Embedded PRS is as follows.
[bookmark: _Toc534702839]Sequence generation
The reference-signal sequence  for subframe  is defined by



[bookmark: _Hlk500028516]Where  is the slot number within a subframe,  is the OFDM symbol number within the slot and sequence  is defined by
	

Where  is the pseudo-random sequence that is defined in section 3.3, and  is length of the sequence.
Mapping to resource elements




The reference signal sequence  shall be mapped to complex-valued modulation symbols  used as reference signal for antenna port  in slot  according to 

Where





And the sharing pattern of complex-valued modulation symbols   is to add  to the corresponding data service RE. The mapping of Low Power Embedded PRS in RBs and REs is shown in figure 1, and the power pattern of Low Power Embedded PRS in time domain.
[image: ]
Figure 1 The mapping of Low Power Embedded PRS in RBs and REs
[bookmark: _GoBack][image: ]
Figure 2 The power pattern of Low Power Embedded in time domain
Pseudo-random Sequence Generation



Where the generation of pseudo-random sequence  is based on Weil sequence :

	 






Where ,, the length of Weil sequence is 10080, thus we insert 1-bit 0 into the  position of  to generate ,, and L(n) is defined as follows:

	 
Autocorrelation performance analysis of the Low Power Embedded PRS
We evaluated the autocorrelation performance of the Low Power Embedded PRS, the result is as follows:
[image: C:\Users\Zheng\Desktop\ran1#96b\untitled.jpg]
Figure 2 the autocorrelation performance of Low Power Embedded PRS
Conclusions
In this contribution, we present our views on the PRS design for OTDOA and proposed a new DL positioning reference signals that support tracking process applicable for OTDOA. Based on the discussion, we have the following observations and proposals:
Proposal 1: A new DL positioning reference signal for OTDOA should be considered.
Proposal 2: NR should define a new PRS that supports tracking process to improve the ranging accuracy.
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