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Introduction
In RAN#81, positioning SID was approved. The following objective is included in the scope of the study on NR positioning [1].
“Study and evaluate potential solutions of positioning technologies based on the above identified 
requirements, evaluation scenarios/methodologies [RAN1]
Solutions should include at least NR-based RAT dependent positioning to operate in both FR1 and FR2 whereas other positioning technologies are not precluded.”
OTDOA is widely supported according to the contributions for RAN1#94bis.In this paper, we analyzed the necessary reference design for OTDOA.
New positioning reference signal 
Basically we have to choice as the reference signal for positioning purpose,TRS and new NR PRS.The biggest advantage of reusing TRS would be that it does not require too much extra resource and the TRS can be used both for positioning and its original purpose at same time.But noticing that we have TBS method[2], one kind of TBS is based on the transmission of PRS.If the signal is transmitted by a terrestrial beacon, it can only be used for positioning, the correction for time-bias and frequency-bias will go.Moreover, because of its function ,the TRS robustness to interference is worse, the signal from TBS will affect the TRS to perform its original function.
Proposal 1:A new NR PRS is needed.
Resource allocation for positioning-used reference signals 
To transmit the positioning-used reference signals require pre-defined resource allocation interpreted by a series of configuration parameters and bandwidth.
Frequency allocation 
[bookmark: OLE_LINK1]Generally wider bandwidth will bring higher positioning accuracy,which can be explained by a widely used tool , fisher information and Cramer-Rao bound.



To estimate deterministic unknownfrom observationgiven statistical model.
The Fisher information matrix(FIM):

 
measures the amount of information the observation carries about the unknown.
The FIM relates to estimation error covariance

 

of unbiased estimator,

So ,
The fisher information can decide the lower bound on estimation error variance x.In brief, the CRB can give you the best result the estimation can do.
This tool is commonly used for time-delay estimation,and it is well understood that the higher the SNR (Signal to Noise Ratio) or the larger the signal bandwidth, the lower the CRB.Then a better distance estimation accuracy can be got.

Another reason is that wider bandwidth will give high-degree resolvability of multipath because two paths are resolvable when  and this is also very beneficial for positioning.Facing the strict requirement for accuracy from many use cases, it is necessary for UE to explore the possibility to use the full bandwidth available.
One main change in 5G is that different UEs may work at different BWP which is also part of the reason why many reference signals are designed for flexible configuration.Also considering that different UEs may have different positioning accuracy requirement, so bandwidth positioning-used reference signal should also be configurable.
Proposal 2:The positioning reference signal should be configurable and support full bandwidth. 
Time domain allocation 

In the time domain, some resources must be periodically allocated for the transmission of positioning reference signals.It is quite obvious that shorter periodicity is beneficial for reducing the positioning latency and too short periodicity will result in larger resource overhead.In LTE, the ranked periodicity configuration measured in subframes is supported, in NR, to replace the unit of subframe with millisecond in the table 6.10.4.3-1: Positioning reference signal subframe configuration is enough to achieve a proper latency.

It has already been widely accepted that the new reference signals should support beam sweeping to cover a sufficiently large angular region.This means allocating enough proportional amount of resources to the maximum number of beams to sweep, within each periodicity, these resources can be called PRS burst.To each beam, there should be a corresponding resource block which can be named PRS block allocated.The actual number of beams to be swept can be configurable according to the circumstance and the UEs’ accuracy requirement, our design aims to set maximum number of beam that could be supported.
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Figure 1
Generally, a PRS burst can consist of X PRS blocks, then it can support transmitting beam to X direction at most.There could be two kinds of designs for a PRS block, the first design is a PRS block only consists of Y PRS sequences in corresponding symbols, the second one is that each PRS block should include a PRS index to indicate the UE which beam it is accepting.

Different with broadcasting, reference signals in different beams are transmitted at different time.The UE may not be able to receive the PRS beams from different cells at the same time, so in the calculation of the RSTD, the beam sweeping pattern will mainly affect the transmit time offset between two cells ,


For the first design, assuming that each PRS block include 4 symbols, the pattern shown in figure 1, 
[image: ]
Figure 2:PRS block
For the first design, if the PRS beams are synchronized in time and beam number, the UE can judge it’s transmit time by receiving duration.
[image: 无标题11]
Figure 3:beam sweeping OTDOA procedure





For example, the UE detected the PRS from cell a1 at time  and detected the PRS from cell b2 at time , assuming the time offset between two beam are .Since a real RSTD between two cells can not be longer than , so the real RSTD should be  if do not consider the synchronization error.
For the second design with PRS beam index in it, the UE just need to read the index.
Proposal 3:the beam design for positioning should support the UE to detect the beams’ time offset between different cells. 
Conclusion
Proposal 1:A new NR PRS is needed.
Proposal 2:The positioning reference signal should be configurable and support full bandwidth. 
Proposal 3:the beam design for positioning should support the UE to detect the beams’ time offset between different cells. 
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