[bookmark: OLE_LINK24][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK34][bookmark: OLE_LINK33]3GPP TSG RAN WG1 #109-e                                                 R1-2203629
e-Meeting, May 9th – 20th, 2022

Source:          ZTE
Title:            Discussion on Positioning with Multiple Frequency Layers (Carriers)
Agenda item:     9.5.4
Document for:	Discussion and Decision
[bookmark: OLE_LINK1]Introduction
In RAN#94e meeting, a SID for study on expanded and improved NR positioning was approved for Rel-18 where one item is to study bandwidth aggregation techniques as follows [1].
	· Improved accuracy, integrity, and power efficiency:
· …
· [bookmark: _GoBack]Study solutions for accuracy improvement based on PRS/SRS bandwidth aggregation for intra-band carriers considering e.g. timing errors, phase coherency, frequency errors, power imbalance, etc [RAN4]:


In this contribution, we provide our views on positioning with multiple frequency layers (carriers) techniques from RAN1 perspective.
Discussion
2.1 Background
With the progress of society, development of electronic and communication technologies, the requirement of device positioning is rising up (e.g., mining, parking, elder/children supervision, etc).
In some commerce cases, a positioning accuracy of 0.2 meters is required. In some cases, the target of some commerce requirements (e.g., 0.2 meter) is hard to be achieved by the existing 5G-NR-based positioning solution.
To fulfill these high accuracy requirements of positioning, some solutions, such as frequency layer aggregation (carrier aggregation), NR carrier phase measurements, are provided for research. This contribution will deal with the frequency layer aggregation (carrier aggregation) technology.
For the frequency layer aggregation (carrier aggregation), it will form an effectively large bandwidth that can provide high accuracy of positioning. It should be noted that, carrier aggregation for data channels (e.g., PDSCH/PUSCH) had been introduced in HSPA+ and LTE. It is a nature extension for positioning RS with aggregated bandwidth.
2.2 Issue on positioning with multiple frequency layers (carriers)

According to TS38.104 (copied as the following) for non-positioning purpose, the timing error between CC (FL) may be up to 65 ns ~ 3µs. If the timing error is 65ns, then the positioning accuracy will be  meters. That will not fulfill commercial requirement.
	 [TS38.104]
[bookmark: _Toc21127481][bookmark: _Toc29811690][bookmark: _Toc36817242][bookmark: _Toc37260158][bookmark: _Toc37267546][bookmark: _Toc44712148][bookmark: _Toc45893461][bookmark: _Toc53178188][bookmark: _Toc53178639][bookmark: _Toc61178865][bookmark: _Toc61179335][bookmark: _Toc67916631][bookmark: _Toc74663229][bookmark: _Toc82621769][bookmark: _Toc90422616]6.5.3.2	Minimum requirement for BS type 1-C and BS type 1-H
For MIMO transmission, at each carrier frequency, TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 260ns.
[bookmark: OLE_LINK264][bookmark: OLE_LINK265]For intra-band non-contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.
For inter-band carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.
The time alignment error requirements for NB-IoT are specified in TS 36.104 [13] clause 6.5.3.




Figure 1    Aggregation of FL
A model of aggregation of FL is described in Figure 1 to discuss the feasibility of frequency aggregation for positioning. The corresponding simulation and real test results are elaborated in the next sections.
2.3 Preliminary simulation results for positioning with multiple frequency layers (carriers)
The simulation results are shown in the following Figure 2 – Figure 3 and Table 1. The detailed simulation assumption can be found in Appendix. From these simulation results, it can be observed that, with the increment of timing error between two CCs (timing error is modeled standard normal distribution), the accuracy of positioning decreases. For the case of 50MHz+50MHz (InF_SH), as in the Figure 2 below, when the timing error reaches 5 ns, then the positioning accuracy of aggregation of FL is lower than that of single FL (50MHz). For the case of 100MHz+100MHz (InF_SH), as in the Figure 3 below, when the timing error reaches 2 ns, then the positioning accuracy of aggregation of FL is lower than that of single FL (100MHz). Hence, we have the following observation and proposal.
Observation 1: The timing error between FL of aggregation will damage the positioning accuracy.
Proposal 1: How much timing error between FL of aggregation can be acceptable should be investigated.

[image: ]
Figure 2   Simulation results FL aggregation of 50MHz+50MHz (InF_SH)
[image: ]
Figure 3   Simulation results FL aggregation of 100MHz+100MHz (InF_SH)
Table 1 Positioning accuracy of Figure 2 and Figure 3
	
	
	Position Accuracy (m)

	Case
	Delay (ns)
	CDF=50%
	CDF=67%
	CDF=80%
	CDF=90%

	50MHz+50MHz (InF_SH)
	0
	0.16
	0.21
	0.29
	0.37

	
	1
	0.18
	0.28
	0.36
	0.44

	
	2
	0.29
	0.41
	0.53
	0.66

	
	3
	0.39
	0.55
	0.69
	1.06

	
	4
	0.54
	0.77
	0.94
	1.18

	
	5
	0.77
	0.96
	1.15
	1.4

	
	6
	0.85
	1.06
	1.33
	1.56

	
	Single FL (50MHz)
	0.55
	0.75
	0.95
	1.46

	100MHz+100MHz (InF_SH)
	0
	0.075
	0.098
	0.138
	0.188

	
	1
	0.145
	0.201
	0.246
	0.292

	
	2
	0.245
	0.332
	0.425
	0.546

	
	Single FL (100MHz)
	0.217
	0.267
	0.329
	0.421



2.4 Field test on contiguous carrier aggregation
To check the feasibility of aggregation of contiguous carriers, some field tests for an existing smart phone are performed on measurement of two contiguous carriers that carry SRS transmission as the following Figure 4. More field tests are ongoing. 
From these figures, it can be observed that the timing difference between the CC with 100MHz and the CC with 60MHz only is 4Tc = 586 – 582 = 2ns for the first path. For some UE (esp., high end UE), we believe 0 ns timing difference can be achieved.
Observation 2: Extremely small timing difference between contiguous CCs is feasible from the field test.
[image: ] [image: ]
Figure 4   Field test of SRS timing errors between one 100MHz CC and one 60MHz CC

Conclusion
In this contribution, we provide our views on multiple frequency layers (carriers) techniques as the following.
Observation 1: The timing error between FL of aggregation will damage the positioning accuracy.
Observation 2: Extremely small timing difference between contiguous CCs is feasible from the field test.
Proposal 1: How much timing error between FL of aggregation can be acceptable should be investigated.
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Appendix
Table 2    Simulation assumption
	Parameter
	Setting

	Scenario
	InF-SH

	Carrier frequency
	3.5GHz

	Bandwidth
	50+50MHz (with 50MHz separation)
100+100MHz (with 100MHz separation)

	SCS
	30kHz

	Description of measurement algorithm
	MUSIC

	Description of positioning technique
	TDOA, Gauss-Newton algorithm



5

oleObject1.bin

image2.emf
FL 2 : 50MHz

FL 1 : 50MHz

50MHz separation

Intra-band CA


oleObject2.bin
FL 2 : 50MHz


FL 1 : 50MHz


50MHz separation


Intra-band CA



image3.emf
0 0.5 1 1.5 2 2.5 3

Position Accuracy. [m]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Position accuracy under different Time Drift

STD=0ns

STD=1ns

STD=2ns

STD=3ns

STD=4ns

STD=5ns

STD=6ns

STD=7ns

50 MHz Only


image4.emf
0 0.2 0.4 0.6 0.8 1 1.2

Position Accuracy. [m]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Position accuracy under different Time Drift

STD=0ns

STD=1ns

STD=2ns

STD=3ns

STD=4ns

STD=5ns

STD=6ns

STD=7ns

100 MHz Only


image5.emf
0 2000 4000 6000 8000 10000 12000 14000 16000 18000

Tc@0.5ns

0

1

2

3

4

5

6

100MHz, SRS

X: 582

Y: 5.159


image6.emf
0 2000 4000 6000 8000 10000 12000 14000 16000 18000

Tc@0.5ns

0

0.5

1

1.5

2

2.5

3

3.5

60MHz, SRS

X: 586

Y: 3.461


image1.wmf
5

.

19

10

3

10

65

8

9

=

·

·

·

-


