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Introduction
In RAN#81, positioning SID was approved [1] and until RAN1AH 1901 meeting, the time based solution has been widely studied with the  following agreements endorsed:
“-	NR should support timing (DL-TDOA) based DL-only positioning techniques in FR1 and FR2.”
[bookmark: _GoBack]But for the signal s used for RSTD measurements were still not clearly defined or down-selected.
“Enhancements to existing NR DL reference signals (e.g., based on extensions to current reference signals or with new reference signals) are necessary to meet accuracy requirements at least in some scenarios”
And the PRS-only TP, a very important component for positioning accuracy enhancement, was not addressed.
In this text we will provide the analysis of the RS selection and elaborate the necessity of a reference signal only for positioning purpose which facilitates  PRS-only TP.
Discussion
Various choices of PRS design
According to the agreement and also the contributions, no company advocates that SSB alone can achieve enough accuracy of positioning, so generally there are three options:
· Existing CSI-RS(TRS) without modification
· Extension to existing CSI-RS 
· A new reference signal
Actually for the first two bullets, ambiguity still exists. Since the current DL reference signals already have their own functionality, the question is whether the existing DL reference signal would be reused. To reuse other reference signals implies that its original design goal was also to fulfill RSTD measurements for positioning purpose. In order to formulate the problem more clearly, the options may need to be extended to 5 bullets.
· Reusing existing CSI-RS(TRS)
· Existing CSI-RS configured only for positioning
· Extension to CSI-RS with partial reuse
· Extension to CSI-RS with configuration only for positioning purpose
· A new reference signal only for positioning
PCI ambiguity and origin function deterioration
Two key concepts need to be specially addressed before analyzing the 5 choice one by one.
The first one is PCI ambiguity problem. At the beginning the PRS sequence is generated by the follow formula [2]:




where  is the initial pseudo-random sequence for PRS sequence generation and  is the Physical Cell ID. Because of the limit number of PCI, serious positioning error would happen when the UE that has reported RSTD measurements cannot be uniquely associated with a particular TP/cell, then the location server does not know the actual location coordinates of the corresponding TP/cell for the PRS measured by the UE. This problem is known as PCI ambiguity issue which was pointed out by many companies [3-7] during RAN1#85.
This problem will occur in two situations [3]:
(1) While several TPs send the same PRS sequence as their associated macro cell. 
(2) The number of physical cell IDs is limited and hence in dense cellular networks, in case where muting procedure is activated, then there is a possibility that the UE hears cells with the same PCI, as two cells with the same PCI will generate the same PRS sequence.
TP in positioning means a set of geographically co-located transmit antennas for one cell, part of one cell or one PRS-only TP. Transmission Points can be base station (eNodeB) antennas, remote radio heads, a remote antenna of a base station, an antenna of a PRS-only TP. Only the PRS-only TP for NR signal hasn’t been addressed yet in Rel 16 but the rest will continue to be supported.
To solve this problem, an agreement was made during the RAN1#85 meeting [8]:
“Define  [image: ]for PRS sequence/vshift generation per TP."
And the result is to make a new [image: ] ranging from 0-4095 which is much bigger than the PCI of that time.
The other problem called origin function deterioration only exist when the existing CSI-RS was reused. When a certain RS is used for positioning purpose, usually they will be configured under a unified pattern within one cell, but this may not suit all UEs for PCI measuring function. Also it needs to match the periodicity of the LCS requirement including muting configuration.Muting pattern is a important feature for LTE PRS design to make sure that the weak PRS from neighbour cells can be detected by the UE but it may interrupt the CSI measurement.
Analysis to different choices
For the first bullet of reusing existing CSI-RS, since the sequence of CSI-RS is generated by scramblingID [9] ,


where the  equals the higher-layer parameter scramblingID whose value is from 0 to 1023.It is obvious that the PCI ambiguity problem will exist. Actually in  implementation, there are CoMP cases when different TPs are configured to transmit the same CSI-RS, which can hardly be used for positioning And as explained above, the origin functionality would also be affected. So the first choice is not vrey desirable for positioning.
If we choose one of existing CSI-RS configuration only for positioning use, the PCI ambiguity still exists and also it is not very meaningful compared with a new PRS, this choice has no advantages. So the second bullet should also be discarded.


To extend current CSI-RS with partial reuse, the PCI ambiguity can be solved to some extent, but possible origin functionality may be compromised.. What’s more, considering that for positioning purpose, different TPs must have different sequence but for CSI measurement,this may not be guaranteed. Extra procedure may be needed to distinguish which sequence can be used for positioning and which sequence is only for CSI measurement. An example is illustrated in figure 1,to solve the PCI ambiguity problem,the has to be extended to at least 4095.And for positioning purpose, the TPs have to be perform the muting pattern. When the CSI-RS is muted,the CSI measurement would be interrupted,extra procedure is needed to insure the coherence of CSI-RS’ origin functionality. Also some message may be needed to inform UE the CSI-RS generated by =4093(bigger than 1023) should not be used for CSI measuring since it may not be proper to modify its previous configuration for other purposes by positioning group.In conclusion, it is not so beneficial to partially reuse existing CSI-RS.
[image: ]
Figure 1 Illustration of muting pattern
The fourth and fifth choice share the same principle. Under such choices, the PCI ambiguity can be totally solved and since they are only used for positioning, the impact on the origin functionality does not exist. This also provides more freedom to design the PRS pattern for better positioning performance.
The analysis can be summarized in Table 1:
Table 1 Comparison between different choices
	
	PCI ambiguity
	Origin function deterioration
	Others

	Reusing existing CSI-RS(TRS)
	Yes
	Yes
	

	Existing CSI-RS configured only for positioning
	Yes
	Yes
	

	Extension to CSI-RS with partial reuse
	No
	 Yes
	Possible extra procedure

	Extension to CSI-RS with configuration only for positioning purpose
	NO
	NO
	

	A new reference signal only for positioning
	NO
	NO
	


based on the analysis above, we give the following proposal:
[bookmark: OLE_LINK1]Proposal 1: Modify the text proposal as appendix A.
Support of PRS-only TP
It is well known that synchronization error will affect the positioning accuracy significantly, but the current synchronization level of different cells is more than a few hundred nanoseconds, which means a measure error of several hundred of meters, and it is not enough to reach the accuracy required by the commercial use cases. To replace all the base stations with updated equipment to offer better synchronization performance is not a applicable way in the short term. Also it is not always easy to get enough transmitters to perform OTDOA positioning because they are implemented for telecommunication purpose.Then the PRS-only TP is good choice to enhance the positioning coverage, and because of its simpler structure, a better synchronization performance can be achieved, according to our study, 2 ns synchronization between PRS-only TPs within 2km  area is achievable.
Proposal 2: Add the text proposal in appendix B to the TR 38.855.
Conclusion
Based on the discussion above, we have the following proposals:
Proposal 1: Modify the text proposal as appendix A.
Proposal 2: Support PRS-only TP in release 16.
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Appendix 
A. 	Text Proposal to the TR 38.855
[bookmark: _Toc533023409][bookmark: _Toc536119029]9	Identified NR impacts 
Editor's Note: To be determined for RAT-dependent and RAT-independent positioning technologies including signal design, procedure descriptions and architecture impacts, for NR specifications (if applicable), including impacts to Network and UE complexities/coexistence and specification impacts.
[bookmark: _Toc536119030][bookmark: _Toc533023410]9.1	Signal definitions and configuration parameters
Editor's Note: The identified in this section detailed FFS aspects can be further discussed and resolved during the work item phase on support of NR positioning
[bookmark: _Toc536119031]9.1.1	Downlink signal definitions and configuration parameters
NR DL Reference Signals for Positioning
The following candidate reference signals were identified for NR DL positioning evaluation
-	NR CSI-RS (including TRS configuration)
-	NR Synchronization Signals (SSBs)
-	New DL positioning reference signals (DL PRS)
Enhancements to existing NR DL reference signals (e.g., based on extensions to current reference signals) or with new reference signals) are necessary to meet accuracy requirements at least in some scenarios.
Appendix 
B. 	Text Proposal to the TR 38.855
7.2	RAT-independent NR positioning technologies
7.2.X TBS
Terrestrial Beacon Systems (TBS) is the standard generic term for a network of ground-based transmitters broadcasting signals for geo-spatial positioning with wide-area or regional coverage. The following TBSs are considered in the study of NR positioning:
-	Metropolitan Beacon Systems (MBS)[10].
- PRS-based TBS
- Co-band TBS
Three positioning modes are supported:
-	UE-Assisted: The UE performs TBS measurements with or without assistance from the network, and sends these measurements to the LMF where the position calculation takes place, possibly using additional measurements from other (non-TBS) sources;
-	UE-Based: The UE performs TBS measurements and calculates its own location, possibly using additional measurements from other (non-TBS) sources.
-	Standalone: The UE performs TBS measurements and calculates its own location, possibly using additional measurements from other (non-TBS) sources, without network assistance.

7.2.X. 1PRS-only TPs
PRS-only TP is a TP which only transmits PRS signals for PRS-based TBS positioning and is not associated with a cell.
The synchronization error can be less than 2ns  in real implementation according to our test as shown in figure 7.2.x-1:
[image: ]
Figure 7.2.x-1 Synchronization error between different TPs
The testing scenario is illustrated in table 7.2.x-1:
Table 7.2.X-1: TBS Testing scenarios
	Parameter
	Indoor office

	Layout
	[image: ][image: ]

	System Bandwidth 
	100 MHz

	Carrier Frequency
	2.0 GHz

	Number of Carriers
	1

	Total power (Ptotal per carrier)
	18 dBm

	UE Dropping
	Distributed all over the room



The CDF results of horizontal accuracy is shown in figure 7.2.x-2:
[image: ]
Figure 7.2.x-2 Horizontal accuracy of PRS-based TBS testing
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