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[bookmark: _Ref37187857]Introduction 
Some of the objectives of the SID in [1] include:
	1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
0. …
0. …
0. Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.
Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]



In RAN1#101-e, the target positioning requirements in Rel-17 were agreed as follows:
	· In Rel-17 target positioning requirements for commercial use cases are defined as follows:
· Horizontal position accuracy (< 1 m) for [90%] of UEs
· Vertical position accuracy (< [2 or 3] m) for [90%] of UEs
· End-to-end latency for position estimation of UE (< [100 ms])
· FFS: Physical layer latency for position estimation of UE (< [10 ms])
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy (< X m) for [90%] of UEs
· X = [0.2 or 0.5] m
· Vertical position accuracy (< Y m) for [90%] of UEs
· Y = [0.2 or 1] m
· End-to-end latency for position estimation of UE (< [10ms, 20ms, or 100ms])
· FFS: Physical layer latency for position estimation of UE (< [10ms])
· Note: Target positioning requirements may not necessarily be reached for all scenarios



In this contribution we provide our view on various NR positioning enhancements applicable to Rel-17 to achieve the aforesaid target requirements.
Accuracy enhancements 
CIR reporting
The positioning requirements in Rel-17 target to achieve decimeter level accuracy. To achieve positioning accuracy in decimeter range, the ToA estimation accuracy needs to be in the range of 1ns.
For bandwidth limited signals, such high accuracy is only feasible if super-resolution algorithms are implemented for the ToA estimation procedure. Simple peak search algorithms (with up-sampling to achieve a resolution better than the sampling time) work only for channels with no or very few multipath components. For realistic channel conditions, there are several algorithms that are already known to achieve such higher accuracy as they are or with some optimisations. Typically, the complex valued correlation function in time or frequency domain is the input for estimating the ToA with a resolution much higher than the sampling time interval corresponding to the Nyquist frequency for bandwidth considered. 
For ToA estimation in the time domain, the characteristics of the correlation peak must be taken into account. Using a sequence with constant magnitude (e.g. Zadoff-Chu sequence) in combination with OFDM modulation and taking the bandwidth limitation according to the bandwidth assigned to the signal, the correlation function for an (ideal) multipath free signal is equivalent to the sinc function or the overlap of several sinc functions. Examples of the correlation function are depicted in Figure 1. The sub-figures compare the (wideband) channel impulse response (“CIR”) with the correlator output for a signal bandwidth of 20MHz. The “◇” (diamonds) mark the correlator output at the sampling frequency 30.72MHz (20MHz signal bandwidth). The dotted line is the interpolated correlator output. 

[image: ] [image: ]
[bookmark: _Ref20769256]Figure 1: Examples for correlator output, 20MHz bandwidth, FR1, UMi channel  
Left: ideal LOS condition, Right: LOS channel with low K-factor
Assuming typical handheld applications, it is likely that the handheld device is kept in the pocket of a trouser, the antenna pattern and/or beam pattern may be non-ideal. Therefore, it is more likely that propagation condition with a low K-factor arise even for the scenarios that could otherwise be regarded as being in LOS conditions.
The multipath components with low delay relative to the direct LOS path (“near echoes”) contribute heavily towards the ToA estimation error.  The CIR given in Figure 1 is an example for the scenario UMi using a signal bandwidth of 20 MHz. The relative delay of the second path to the LOS path is app. 130ns. If higher values of bandwidth are used, the second path can be easily resolved from the LOS path. For the channel models defined by TR38.901, the probability of near echos is reduced if the delay spread is increased or the number of clusters are limited. The near echos appear predominantly only in the scenarios using ground reflections. Unfortunately, the real-world channel conditions may have more near echos compared to those generated by the 3GPP reference models. 
If a larger number of near echoes are considered, (e.g. due to reflections from objects close to the transmitter or the receiver), then issues similar to those observed for limited bandwidth may also be observed for the scenario where higher bandwidth, e.g. 100MHz is used. For scenarios with low with lower delay spread the probability of these issues is also higher. Figure 2 shows examples for CIRs according to the 3GPP channel models (only the taps close to the LOS path are shown). By comparing the CIR and the correlation output, the figure shows that for channels with band limited signals, the correlation peak no longer represents the ToA of the First Arrival Path (FAP).
[image: ] [image: ] 
[bookmark: _Ref20769575]Figure 2: Example for 100MHz bandwidth, FR1, 
Left:  UMi channel,    Right: Indoor channel
Simple ToA detection algorithms may report ToA with a high error. By enabling a UE (or a TRP in Uplink) to report parts of the correlation output, instead of simply the first arrival path, the network will be able to use more advanced algorithms and produce more accurate ToA estimates.
As an example, the impact of  “truncated CIR” reporting on performance of ToA estimation is investigated. Instead of using the full correlation function for further processing, only a small part (in the example 13 sample) are used for further processing. The principle is shown in Figure 3, the correlation function with a sampling frequency FS and re-sampled using an up-sampling factor of 32.  From the full correlation function (blue “◇”) only 13 samples ( red “*”) are further used. In the figure, the unused samples are set to zero. 
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[bookmark: _Ref47695404]Figure 3: Full and truncated correlations 
The truncation of the correlation function has a minor impact on the ToA estimation performance.  Figure 4 shows the impact using two ToA-Estimation methods “peak search” and “inflection point” (IFP). Two variants of the aforementioned methods are further analyzed, namely IFP2 and PEAK2 which use truncated correlation (13 samples around the first arriving path) instead of the whole correlation profile. Although these two methods are simple, they do not degrade the positioning performance. However, CIR reporting could be also used in more advanced methods such as machine learning based methods to calculate even more accurate positioning estimates.
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[bookmark: _Ref47695445]Figure 4: Performance impact of the truncated correlation with an IFP an Peak ToA estimator: IFP and Peak applies uses full correlation; while IFP2 and PEAK2 uses truncated correlation (13 samples around the first arriving path). 

Observation 1: 	InF channels features many “near echoes”. Even with 100MHz bandwidth the first correlation peak is a superimposition of several multipath taps. The correlation peak no longer represents the time of the First Arrival Path (FAP).  
Observation 2: 	UEs with constrained implementation complexity will fail to achieve high positioning accuracy requirements. 
Proposal 1:	Support enhanced CIR reporting for NR-Positioning in Rel-17.

[bookmark: _Ref534823887]Multi-port SRS 
In Rel. 16, a single-port SRS transmission was agreed for positioning. Espcailly for FR2, the main drawback is that the signal cannot be received simultaneously at multiple TRPs and requires additional SRS transmissions in time and frequency.
For methods like multi-RTT, the fact that the SRS have to be transmitted over multiple OFDM symbols may be acceptable but for TDOA approaches requiring synchronized TRPs, such as the UL-TDOA, the frequency drift could be an issue. 
Multi-port SRS transmission (sharing the same REs  and separating the antenna ports using using different cyclic shifts) reduces the number of OFDM symbols needed to support positioning usage. This in turn would allow a larger number of UEs to be multiplexed within a given slot. 
Observation 3: Multi-port SRS transmission for positioning allows a larger number of UEs to be supported within a given amount of resources than single port SRS transmissions. 
Proposal 2: Study multi-port SRS transmission for positioning in Rel. 17.

LOS/NLOS/OLOS channel state information 
The accuracy of almost all NR positioning methods rely on the state of the channel, if it is LOS or NLOS [1]. Providing the positioning unit with additional information on the channel state condition enables the extraction of faulty measurement or at least determine the quality of the estimated position. In addition to LOS and NLOS, obstructed LOS (OLOS) becomes highly relevant in InF scenario:
· NLOS: direct LOS propagation is blocked or strongly attenuated and the link between the transmitting and receiving antenna results from one or more multipath components (MPCs). For positioning applications, NLOS reception adds a bias on the estimated time of arrival or results in a faulty direction estimation. 
· LOS: direct LOS propagation is received in the link between the transmitting and receiving antenna and additional MPCs add to the LOS path. If the reflected MPCs arrive at the receiving antenna coincident with the LOS path this could result in an increase or a decrease in the received signal level resulting from the sum of the phase and amplitude of the MPCs and the LOS path.
· OLOS (obstructed LOS):  the direct LOS propagation is partly blocked and the link between the transmitting and receiving antenna results from one or more multipath components (MPCs) resulting from for example a diffracted wave or a diffracting clutter. This may generate many near echos and may make a high accuracy LOS-delay detection more difficult. In principle channel models defined by TR38.901 generate OLOS-like CIR also, but with low probability. Especially for deployments taking into account the positioning requirements the probability of OLOS scenario will be higher.   

Proposal 3: Study LOS/NLOS /OLOS channel state detection methods, their associated measurements and impacts on procedures.
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Figure 5: LOS, NLOS and OLOS.

Carrier phase measurements and assisted position estimation
For further enhancement of position estimation, carrier phase measurements may be considered. The carrier phase measurements can be measured from the phase of complex correlation obtained from an SRS or PRS transmission and derived, for example, from the complex correlation referring to the point, at which TOA measurements were estimated. There is no difference in the measurement process between UL and DL. Reference signals with small and wide bandwidth can be employed for phase measurements. 
Within a synchronized network, a straightforward way to use carrier phase readings is to process them jointly with TDOA values in a filter (e.g. Kalman filter) delivering smoothed results compared to TOA-only processing. The quality of the measured carrier phase (i.e. the quality of range measurement information) depends on the channel state (LOS/NLOS). For example, for TOA measurements, meaningful distance information can only be derived from the LOS component of the transmission channel. 
Under NLOS conditions, no ranging information can be derived from the carrier phase. Those measurements have to be detected and eliminated before the positioning calculation process. In this case, the phase measurements provide an additional indicator which can be used to identify the LOS or NLOS channel condition.
The support of carrier phase evaluation may have a minor impact to RAN1. It may be sufficient to take the resulting requirements to useful configurations (e.g. higher transmission rate of the SRS) into account. Requirements for the network (especially synchronization requirements) are not in the scope of this TDOC. 

Observation 4: Further substantial improvement of position estimates can be additionally obtained by using carrier phase measurements for positioning calculation.
Proposal 4: Consider carrier phase measurements for positioning in both UL and DL timing-based methods at least in FR1.

UL interference considerations:
SRS for positioning purposes is transmitted by the UE and needs to be received simultaneously by several TRPs. The transmit power is controlled using a certain TRP as a reference, which may be a certain serving gNB or a certain neighbouring gNB. This raises the issue of the near-far problem between users that are multiplexed either using different sequences or cyclic shifts. The signal level fluctuation between two users received at a particular TRP shows this near-far effect, and the signal level differences can even exceed the discrimination offered either by code or by cyclic shifts. Likewise, the TRP furthest away from the UE receives the weakest signal and any PUSCH transmissions in the nearby cells would impair the measurement at the required TRP.
[image: ]
Figure 6: Depiction of interference to the positioning signal of UE1 due to transmissions from UE2.

In summary, the following types of interference can observed: 
1) [bookmark: _GoBack]Intra-TRP interference between positioning SRS from two different UEs 
2) Inter-TRP interference between positioning SRS from two different UEs 
3) Inter-cell interference from positioning SRS to data 
4) Inter-cell interference from data to positioning SRS

Rel. 16 SRS for positioning specifications allow UEs to be orthogonalised in time, frequency, code and cyclic shifts, but the tradeoff between capacity and accuracy has not been sufficiently investigated with respect to performance requirements. 

Proposal 5: 	Consider interference for Rel-17 NR positioning including interference from positioning RSs or other interference sources.

Enhancement of SRS 
During the positioning WI in Rel. 16, staggered transmission of SRS to achieve better coverage and performance in low SNR scenario has been agreed. But the Rel. 15 mechanism of generating SRS was not adjusted to take into account the staggering of SRS. 
It was already evident and identified in previous contributions [2] [3] [4] [5] that there are mainly two shortcomings if the SRS is generated/transmitted according to current specifications:
1) Phase offset
2) Aliasing of correlation peaks (near-far effect between UEs separated by cyclic shifts) 

To address this issue, the following modification on the SRS sequence generation in TS38.211 was proposed:



·  is configurable (range for cyclicshift is extended) to distinguish this from the original  
·  configured via   and    
Note: the maximum value of cyclic shift   is not changed.

The correction factor  can be split into two parts, as follows:
	
	(1)



These two parts of the correction factor overcome the phase offset and aliasing shortcomings when the staggering/destaggering operation is carried out according to the current specification of SRS:

1. Phase offset
The first part  ensures the coherent combining of correlations from each of the OFDM symbols.

The impact of applying the aforementioned changes are shown in Figure 7. Here, we clearly observe a distinct peak of a UE, as expected for a transmission comb size of 1. This desired unambiguous peaking after destaggering would not be available without phase offset correction.
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[bookmark: _Ref47687554][bookmark: _Ref47687545]Figure 7: Impact of phase correction on destaggering. The destaggered signal with phase correction has a single correlation peak instead of multiple residual correlation peaks that were observed when phase offset was not taken into account. 

1. Aliasing of correlation peaks (near-far effect between UEs separated by cyclic shifts)

The second part  selects the UE-specific peak by applying a phase correction which is an integer multiple of   . At the same time, the remaining aliasing replicas of the ‘true’ correlation peak are cancelled out. This second part can be therefore considered as “aliasing component selector”. 




·  is configurable (range for cyclicshift is extended) to distinguish this from the original  
·  configured via   and    
Note: the maximum value of cyclic shift   is not changed.

This can be realized starting from the equation


and allowing the value range of  to be effectively extended to  :

and


can be derived. The only change in the parameters received from the higher layer is:

  		is changed to	 	  

The following table shows the translation of  for KTC = 8 

	
	
	
with the antenna port index  
	

	6
	0
	0
	0

	6
	8
	2
	1

	6
	16
	4
	2

	6
	24
	0
	4

	6
	32
	2
	5

	6
	40
	4
	6




One key advantage of this approach is that it maintains the cyclic shift step size of Rel.15 defined by  and still increases the range of the cyclic shift by increasing the allowed range for the parameters provided by the higher layer. 
Furthermore the method allows that SRS according to Rel. 15 (e.g. used for communication purpose) and SRS for positioning using staggering are at least per OFDM symbol compatible. The introduced phase correction (constant phase per OFDM symbol) is typically not relevant for SRS analysis. 
When compared to the proposal in [6], the correlation per OFDM symbol includes  peaks with a distance of FFTlength/ for all values of . The correlation peaks per OFDM symbol are at the same position as for SRS using a cyclic shift of. This implies that only cyclic shift values of  can be separated before de-staggering when multiplying the  provided by the higher layer with the factor .  


Proposal 6: For Rel-17 update the sequence generation by modifying the equations as:

			 

 configured via   and   
 is  configurable (range for cyclicshift is extended)
Note: the maximum value of cyclic shift   is not changed


Observation 5: 	Applying the modification given in Proposal 6 maintains the same granularity for the cyclic shifts as Rel. 15. This implies a low impact on TS38.211.

Proposal 7: For Rel-17 SRS enhancement support:
· a phase correction for the staggered SRS, and
· maintain the cyclic shift step size of Rel-15.
· Extend the range of the cyclic shift.



Conclusions
Based on the discussion in this document, we propose the following:
 Proposal 1:	Support enhanced CIR reporting for NR-Positioning in Rel-17.
 Proposal 2:	Study multi-port SRS transmission for positioning in Rel. 17.
 Proposal 3: 	Study LOS/NLOS /OLOS channel state detection methods, their associated measurements and impacts on procedures.
 Proposal 4: 	Consider carrier phase measurements for positioning in both UL and DL timing-based methods at least in FR1.
 Proposal 5: 	Consider interference for Rel-17 NR positioning including interference from positioning RSs or other interference sources.
 Proposal 6:	For Rel-17 update the sequence generation by modifying the equations as:

			 

 configured via   and   
 is configurable (range for cyclicshift is extended)
Note: the maximum value of cyclic shift   is not changed

Proposal 7:	For Rel-17 SRS enhancement support:
· a phase correction for the staggered SRS, and
· maintain the cyclic shift step size of Rel-15.
· Extend the range of the cyclic shift.

The proposals are made based on the following observations:  

Observation 1: 	InF channels features many “near echoes”. Even with 100MHz bandwidth the first correlation peak is a superimposition of several multipath taps. The correlation peak no longer represents the time of the First Arrival Path (FAP).   
Observation 2: 	UEs with constrained implementation complexity will fail to achieve high positioning accuracy requirements. 
Observation 3:	Multi-port SRS transmission for positioning allows a larger number of UEs to be supported within a given amount of resources than single port SRS transmissions. 
Observation 4:	Further substantial improvement of position estimates can be additionally obtained by using carrier phase measurements for positioning calculation.
Observation 5: 	Applying the modification given in Proposal 6 maintains the same granularity for the cyclic shifts as Rel. 15. This implies a low impact on TS38.211.



References

[1] 	3GPP R1-2006459, "Evaluation of positioning enhancements," Fraunhofer, eMeeting, 2020-08.
[2] 	3GPP R1-1912113, "Uplink RS design for NR positioning," MediaTek, Reno, USA, 2019-11.
[3] 	3GPP R1-1912293, "Views on UL reference signals for NR Positioning," Nokia, Reno, USA, 2019-11.
[4] 	3GPP R1-1913101, "Remaining details on SRS enhancements for positioning," Fraunhofer, Reno, USA, 2019-11.
[5] 	3GPP R1-1913136, "UL Reference Signals for NR Positioning," Ericsson, Reno, USA, 2019-11.
[6] 	3GPP R1-2004652, "Potential enhancements for NR positioning in release 17," Ericsson, eMeeting, 2019-05.



image3.emf



0.355 0.36 0.365 0.37 0.375 0.38 0.385 0.39 0.395 0.4



delay [microseconds]



0



0.1



0.2



0.3



0.4



0.5



m
ag



ni
tu



de
 p



at
h 



ga
in



, n
or



m
al



iz
ed



CIR versus correlator output



CIR
Corr, upspl
Corr@FS










0.355 0.36 0.365 0.37 0.375 0.38 0.385 0.39 0.395 0.4

delay [microseconds]

0

0.1

0.2

0.3

0.4

0.5

m

a

g

n

i

t

u

d

e

 

p

a

t

h

 

g

a

i

n

,

 

n

o

r

m

a

l

i

z

e

d

CIR versus correlator output

CIR

Corr, upspl

Corr@FS


image4.emf



0.355 0.36 0.365 0.37 0.375 0.38 0.385 0.39 0.395 0.4 0.405



delay [microseconds]



0



0.1



0.2



0.3



0.4



0.5



0.6



0.7



0.8



0.9
m



ag
ni



tu
de



 p
at



h 
ga



in
, n



or
m



al
iz



ed



CIR versus correlator output



CIR
Corr, upspl
Corr@FS










0.355 0.36 0.365 0.37 0.375 0.38 0.385 0.39 0.395 0.4 0.405

delay [microseconds]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

m

a

g

n

i

t

u

d

e

 

p

a

t

h

 

g

a

i

n

,

 

n

o

r

m

a

l

i

z

e

d

CIR versus correlator output

CIR

Corr, upspl

Corr@FS


image5.emf



50 60 70 80 90 100 110 120 130



Samples



0



0.5



1



1.5



2



2.5



3



M
ag



ni
tu



de



example for truncated Correlation



Corr @ FS
Corr interpolated
Corr@FS truncated
trunc. Corr interpol.










50 60 70 80 90 100 110 120 130

Samples

0

0.5

1

1.5

2

2.5

3

M

a

g

n

i

t

u

d

e

example for truncated Correlation

Corr @ FS

Corr interpolated

Corr@FS truncated

trunc. Corr interpol.


image6.emf



0 0.5 1 1.5 2 2.5 3
TOA error [ns]



0



0.1



0.2



0.3



0.4



0.5



0.6



0.7



0.8



0.9



1
P



(a
bs



(e
rr



) 
<



 x
)



UMi LOS KF=-3dB, sigma 3dB CDF  abs(toaError) SNR = 20dB



IFP
IFP2
PEAK
PEAK2










0 0.5 1 1.5 2 2.5 3

TOA error [ns]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

P

(

a

b

s

(

e

r

r

)

 

<

 

x

)

UMi LOS KF=-3dB, sigma 3dB CDF  abs(toaError) SNR = 20dB

IFP

IFP2

PEAK

PEAK2


image7.png
€




image8.png
gNB5

~— Intended signal
—-----Interference





image9.png
AWGN: stepsize = 2*pi/6 COMB=8, a=[0], b=[1]
‘ : ‘ :

500
£
>
2
0
0 500 1000 1500 2000 2500 3000 3500 4000
500 [ E|
o
E
>
2
ole
0 500 1000 1500 2000 2500 3000 3500 4000
500 [ E|
[}
£
>
2
ole
0 500 1000 1500 2000 2500 3000 3500 4000
500 [ E|
<
£
>
2
ol
0 500 1000 1500 2000 2500 3000 3500 4000
After destaggering over 8 symbols
4000 [ T T T T |
2000 -
0 I I | I |

L I I
0 500 1000 1500 2000 2500 3000 3500 4000




image1.emf



0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7



delay [microseconds]



0



0.1



0.2



0.3



0.4



0.5



0.6



0.7



0.8



0.9



1
m



ag
ni



tu
de



 p
at



h 
ga



in
, n



or
m



al
iz



ed



CIR versus correlator output



CIR
Corr, upspl
Corr@FS










0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7

delay [microseconds]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

m

a

g

n

i

t

u

d

e

 

p

a

t

h

 

g

a

i

n

,

 

n

o

r

m

a

l

i

z

e

d

CIR versus correlator output

CIR

Corr, upspl

Corr@FS


image2.emf



0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7



delay [microseconds]



0



0.1



0.2



0.3



0.4



0.5



0.6



0.7



0.8
m



ag
ni



tu
de



 p
at



h 
ga



in
, n



or
m



al
iz



ed



CIR versus correlator output



CIR
Corr, upspl
Corr@FS










0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7

delay [microseconds]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

m

a

g

n

i

t

u

d

e

 

p

a

t

h

 

g

a

i

n

,

 

n

o

r

m

a

l

i

z

e

d

CIR versus correlator output

CIR

Corr, upspl

Corr@FS


