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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At the RAN1#96bis, we have the following agreements on NR Positioning [1]:
	Agreement:
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]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

Agreement:
Comb-N resource element pattern per DL PRS Resource is supported to map DL PRS sequence to resource elements in frequency domain
· Comb-N pattern can shift in frequency domain across symbols within DL PRS Resource
· FFS values for N. The potential values for down-selection are provided in the set {1,2,3,4,6,8,12}
· FFS relationship between N and number of symbols per DL PRS Resource 
· FFS support of staggered and non-staggered patterns and exact definition of staggered pattern


In this contribution, we focus on the Comb-1/Comb-N pattern and a new DL PRS sequence generation mechanism. Also, our contribution will support TRS to reinforce the performance of positioning and support that PRS can share resources both in time/frequency. The multi antenna port and QCL pattern will also be supported in this contribution.
[bookmark: _Ref129681832]Comb-1/Comb-N resource element pattern
In the RAN1#96bis, the potential values for down-selection in the set {1,2,3,4,6,8,12} were left into FFS, the potential Comb-N resource element pattern in NR PRS is shown as fig 1.
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Figure 1 Comb-N resource element pattern
And we simulated the auto-correlation function of the Comb-N pattern PRS where the N is in the set {1,2,3,4,6,8,12}, the auto-correlation function is shown as fig 2.
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Figure 2 Comb-N auto-correlation function
According to the resource mapping pattern and auto-correlation function of the Comb-N PRS, we have the following observations:
Observation 1: The duration of Comb-N pattern PRS must be N symbols at least in order to broadcast on all subcarriers, and the Comb-1 can be only broadcast in 1 symbol.
Observation 2: The auto-correlation function has multiple peaks in Comb- pattern PRS, and the number of peaks is 2*N+1.
As we mentioned in the observation 1 and observation 2, the Comb-1 pattern shows much more benefits both in duration and auto-correlation. The 1-symbols duration can benefit the smaller beam offset and cell offset, in the meantime, the overhead will be reduced. Hence we have the following proposal:
Proposal 1: The Comb-1 pattern should be supported in NR for a selection pattern.
New DL PRS sequence generation mechanism
DL PRS sequence is generated using a Gold sequence generator as defined in TS 38.211 Section 5.2.1 and the specification of a new DL PRS sequence generation mechanism was left into FFS. We simulated the auto-correlation function of PRS which is generated by Gold sequence and the result is as the following figure,
[image: ] 
Figure 3 auto-correlation function 
Than we simulated a multipath channel, pass the PRS into the multipath channel and calculate the correlation, the result is as the following figure,
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Figure 4 correlation result in multi-path channel
According to the simulation of the auto-correlation function and correlation result in multi-path channel of the PRS, we have the following observation:
Observation 3: The auto-correlation function of PRS which is generated by Gold sequence has many side peaks around the main peak, and the side peaks will affect the ranging performance in multipath channel.
The side peaks will involve the error in the judgment of first arrival path in multi-path channel, for reducing the error we proposed a new DL PRS sequence generation mechanism. The generation of the new DL PRS sequence mechanism 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



We evaluated the auto-correlation function of the new DL PRS sequence generation mechanism, the result is as follows:
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Figure 4 auto-correlation function and correlation result in multi-path channel
Observation 4: The auto-correlation function of the new DL PRS sequence generation mechanism has no side peaks around the main peak and could have a better performance in ranging.
Performance evaluation
We evaluated the positioning performance in FR1 indoor open office, the parameters details are shown in table 1, and the result is shown in figure 5 and table 2.
Table 1 parameters details
	Parameter
	

	Channel model (baseline, otherwise state any modifications)
	baseline

	Carrier frequency 
	4GHz

	Subcarrier spacing
	30kHz

	Reference Signal Transmission Bandwidth
	100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Comb-1

	Reference signal (type of sequence, number of ports, …) 
	Gold

	Number of sites
	12

	Number of symbols used per occasion
	14

	number of occasions used per positioning estimate
	20

	Power-boosting level
	No

	Uplink power control (applied/not applied)
	not applied

	interference modelling (ideal muting, or other)
	ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Loop tracking

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	Combination of Chan and Newton

	Network synchronization assumptions
	Perfect sync.

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	No beamforming

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	No

	Additional notes, if any
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Figure 5 positioning performance
Table 2 Results for downlink methods evaluations of Scenario – Indoor Open Office
	Percentile
	50
	67
	80
	90

	Positioning Error
	0.083
	0.125
	0.198
	0.423


We have the following proposal:
Proposal 2: NR should consider a new DL PRS sequence generation mechanism to improve the auto-correlation performance of PRS.
CSI-RS/TRS for positioning
As an existing reference signal, tracking reference signal can provide an accurate time/frequency estimation with a small overhead and can’t be muted even when TRS is used for positioning. But the hearability of CSI-RS/TRS is weaker than PRS, thus the performance of only using CSI-RS/TRS for positioning can’t meet the commercial requirement. After the above analysis, we support using CSI-RS/TRS to assist PRS for positioning.
Proposal 3: NR should consider TRS as an assistance for positioning.
NR DL PRS share resource with data service RBs
In TR 38.855 [2], we have following agreement:
	-	Whether to support shared in time/frequency NR DL PRS resources with other transmissions including data/control is left to future specification work, including:
-	Which physical channel/signals can share resources with NR DL PRS 
-	Whether to support interference randomization techniques for PRS transmission with other signals


Thus the share pattern of NR DL PRS should be discussed in WI phase, sharing resources in time/frequency or both in time & frequency domain can reduce the overhead of PRS. And for this purpose, 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 will not occupy the RBs for data service. The receiver could distinguish the positioning and communication signal. 


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
[image: ]
Figure 2 The power pattern of Low Power Embedded in time domain
We have the following observation and proposal:
Observation 5: DL PRS has an outstanding ranging performance in a low transmit power.
Proposal 4: NR should consider that NR DL PRS can share resource with data service RBs to reduce the overhead.
Supporting of multiple antenna ports
In RAN1#96bis, many companies support more than 1 antenna port to transmit NR DL PRS in their contributions. In our view, the transmission of multiple antenna ports can bring more channel information and reduce the possibility of outlier, and the phase difference of the multiple antenna ports can also be measured and it could benefit the performance [2]. The transmission of multiple antenna can improve the performance with no additional overhead. Thus, we have the following proposal:
Proposal 5: NR should support the multiple antenna ports transmission of NR DL PRS.
Supporting of QCL
NR DL PRS can be connected with other reference signal (for example: CSI-RS/TRS, SSB, BM and so on) by QCL, it can help UE to reduce the complexity of receiving PRS and beamforming to the PRS TX quickly. 
Proposal 6: DL PRS can be configured as QCL with other RS, and which RS will be used should be specified.
Conclusions
In this contribution, we present our views on the PRS design for OTDOA and proposed a new DL positioning reference signals for OTDOA. Based on the discussion, we have the following observations and proposals:
Observation 1: The duration of Comb-N pattern PRS must be N symbols at least in order to broadcast on all subcarriers, and the Comb-1 can be only broadcast in 1 symbol.
Observation 2: The auto-correlation function has multiple peaks in Comb- pattern PRS, and the number of peaks is 2*N+1.
Observation 3: The auto-correlation function of PRS which is generated by Gold sequence has many side peaks around the main peak.
Observation 4: the new DL PRS sequence generation mechanism has a better performance on anto-correlation.
Observation 5: DL PRS has an outstanding ranging performance in a low transmit power.
Proposal 1: The Comb-1 pattern should be supported in NR for a selection pattern.
Proposal 2: NR should consider a new DL PRS sequence generation mechanism to improve the auto-correlation performance of PRS.
Proposal 3: NR should consider TRS as an assistance for positioning.
Proposal 4: NR should consider that NR DL PRS can share resource with data service RBs to reduce the overhead.
Proposal 5: NR should support the multiple antenna ports transmission of NR DL PRS.
Proposal 6: DL PRS can be configured as QCL with other RS, and which RS will be used should be specified.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
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