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Introduction
In RAN1#98, the following agreements were reached regarding the uplink positioning signal design for the NR.

	Agreement:
An SRS resource for positioning can contain multiple symbols with the same comb offset when the comb size is less than the number of symbols in the SRS resource. Select at least one of the following options
· Option 1: with G consecutive Res. FFS total number of symbols with respect to comb size
· Option 2: with cyclic repetition of the comb pattern when the number of symbols in the resource exceeds the comb size
· Note: This does not preclude partial or full staggering which needs to be further discussed

Agreement:
The supported relative RE offsets for combinations of the number of symbols (1,2,4,8,12) and comb sizes (2,4,8) for SRS are given in the table below. At least one pattern for each pair are to be selected from the following options:
	Number of symbols /
Comb size 
	1
	2
	4
	8
	12

	2
	
{0}
	{0, 1}
	FFS: {0, 1, 0, 1} and/or {0, 0, 1, 1}
	 N/A
	N/A

	4
	N/A
	{0, 2}
	FFS: {0,2,1,3} and/or {0,1,2,3}
and or {0,2,3,1}
	FFS: {0,2,1,3, 0,2,1,3}
and/or {0,1,2,3, 0,1,2,3}
and/or {0,0,1,1,2,2,3,3}
	FFS: {0,2,1,3, 0,2,1,3, 0,2,1,3}
and/or {0,1,2,3, 0,1,2,3,0,1,2,3}
and/or {0,0,0,1,1,1,2,2,2,3,3,3}

	8
	N/A
	N/A
	N/A
	FFS: {0,4,2,6,1,5,3,7} 
and/or {0,4,1,5,2,6,3,7}
and/or {0,1,2,3,4,5,6,7} 
and/or {0,4,6,2,5,7,3,1}

	N/A


Agreement:
· SRS for positioning supports semi persistent configuration with MAC CE activation/deactivation, with SRS for positioning to be received at the serving cell and neighbor cell
· The aperiodic SRS for positioning is triggered by a DCI
· There is no impact to Rel-15 DCI (reuse the triggers in place in rel-15)
· The support of the reception of aperiodic SRS for positioning by the neighbor cell, is up to decision by RAN2 and RAN3 working groups
Agreement:
For UL SRS for positioning configured with comb size 8, the number of cyclic shifts is 6



So far, RAN1 have discussed different staggering patterns but have not addressed the issue of phase discontinuity or ambiguity in resolving correlation peaks. For positioning applications cyclic shifts may help to separate several UEs sharing the same REs and is an efficient method to minimize the required resources for SRS for positioning applications. The replica in the correlation function according to the comb factor introduce an ambiguity for the ToA measurement and may be especially critical for high comb factors (KTC=8, partly already for KTC=4).  
In this contribution, we present our views on the staggering patterns used for SRS transmission and signal processing aspects of destaggering the SRS transmission.
[bookmark: _Ref534822995]Destaggering SRS transmissions
By combining the use of higher transmission comb values (KTC = 4 and KTC = 8) and transmission over several symbols, the following benefits can be achieved:
· A power boosting gain of up to 9 dB (using KTC = 8), which improves the link budget and is essential for scenarios with medium and large ISD and for devices with limited transmit power
· A high bandwidth can be utilized even for larger distances between UE and gNB, thereby allowing positioning accuracy to be improved.
· If the SRS is transmitted in a staggered pattern and the transmission is fully destaggered, the effective sequence length is equivalent to using a transmission comb value of 1. This is important for allowing operation at very low SINR values and making the system robust against interferences. 

[image: ]
[bookmark: _Ref23963685]Figure 1: Principle of staggering/de-staggering
There are two shortcomings when the staggering/destaggering operation is carried out according to the current specification of SRS, namely (1) Phase offset and the (2) Aliasing of correlation peaks.
The aforesaid problems can be corrected, and still be applied to Rel.15 SRS generation, by introducing a  phase correction factor consisting of two components, for correcting the phase offset and  for resolving aliasing of correlation peaks.

To correct for the phase issues, the SRS generation equation [Sec. 6.4.1.4.3, TS 38.211]  needs to be modified from


to 
,
where
 is the correction to be applied to the existing base sequence.
(1) Phase offset: An SRS resource can be configured with different value of cyclic shift factor from a set of cyclic shifts  to be able to multiplex multiple users or multiple antenna ports on the same set of REs. To this end, the base sequences are shifted in the time domain. This is achieved by applying a phase ramp to the signal in the frequency domain is equivalent to applying cyclic shift in the time domain (time shift property of the FFT). It should however be noted that the phase ramp is defined on the base sequence in TS 38.211 and not at the subcarrier index level.  
The consequence of such phase assignment is that is a difference in phase between two different symbols, if the relative comb offset between these two symbols differ.  As a result, there is phase discontinuity when the two symbols are added together to form a destaggered pattern. If this phase offset is not compensated, then the de-staggered OFDM symbol does not have the same properties of SRS transmitted with lower comb factor. 
[image: ]
[bookmark: _GoBack]Figure 2: Constant phase offset between SRS transmissions in two symbols, due to the ‘0’ phase applied to the first sample of the base sequence, regardless of its mapping to the subcarrier. 
In one example, an SRS transmission with a comb factor of 8 are shown in Figure 3 and Figure 4 which are added together to form an effective SRS transmission with comb 1. The effect of destaggering without phase compensation is depicted in Figure 3, where several peaks are still visible, clearly the signal does not have the property of the equivalent signal transmitted with a transmission comb of 1.
In particular, if the comb offset on  on antenna port  is given by  and KTC is the transmission comb value, then the phase offset is given by

where .

This constant phase can be addressed by multiplying the Rel. 15 SRS by a constant complex value, which is independent of RE index. Hence the phase compensation can be multiplying with  :  


The impact of applying the aforesaid mentioned changes are shown in Figure 4, where we clearly observe a distinct peak of a UEs, as expected for a transmission comb size of 1.
(2) Aliasing of correlation peaks: The second problem is that the Rel. 15 specifications limit the range of the cyclic shift to a range smaller than the entire symbol duration. More specifically, the range is  / KTC where KTC is the transmission comb factor used. Outside this region, aliases of the correlation peaks can occur, which correspond to the size of the comb factor used.
After destaggering the signal to achieve an equivalent SRS transmission with a transmission comb of 1, the aliases of the peak disappear. Nevertheless, the range is still limited to  / KTC. This means the correlation peaks from two different UEs are separated by a factor corresponding to the transmission comb. This problem is highlighted using Figure 5, where the signals from two UEs are close to one another even though the aliases of correlation peaks have disappeared. In order to avoid aliasing of correlation peaks, it is necessary to define the second term in the correction as

 ,
where the factor  may be derived from the  by 

where the range of  may be effectively increased by a factor of up to KTC beyond the values currently specified.

The benefit of increasing the allowed range  / KTC is that the correlation peaks related to different UEs can be better separated. This is especially useful for positioning applications, if the ToA depends in the distance.  
In the example of Figure 6 the correlation functions are depicted for same configuration in Figure 5 but allowing an arbitrary higher range than the allowed one, which allows the correlation peaks to be spaced out within the whole symbol duration. 

Observation 1: The destaggered correlation includes additional peaks, if phase correction is not applied. 
Proposal 1: Reuse Rel-15 SRS sequence for positioning and apply to a phase correction on the SRS resources when using staggering.

	[image: ]

	Correlation for KTC = 8:
· Subplot 1 to 4: Correlation performed on a single OFDM symbol 
· Subplot 5: combined (‘destaggered’) symbol

	[image: ]

	Correlation of the destaggered symbol (Subplot 5 )


[bookmark: _Ref23966504]Figure 3: Destaggered correlation without phase correction. The property of the equivalent signal transmitted with a transmission comb of 1 cannot be observed.


	
[image: ]

	Correlation for KTC = 8, 
· Subplot 1 to 4: Correlation performed on a single OFDM symbol 
· Subplot 5: combined (‘destaggered’) symbol
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	Correlation of the destaggered symbol (Subplot 5)


[bookmark: _Ref24030858]Figure 4: Correlation with phase correction applied.
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	Correlation for KTC = 4, two UEs with different cyclic shifts:
· Subplot 1 to 4: Correlation performed on a single OFDM symbol 
· Subplot 5: combined (‘destaggered’) symbol

	[image: ]

	Correlation of the destaggered symbol (zoom): correlation peaks corresponding to two different UEs are depicted with two different colors.


[bookmark: _Ref24118042]Figure 5: Correlation with phase correction but with range given by  / KTC

	[image: ]

	Correlation for KTC = 4, two UEs with different cyclic shifts:
· Subplot 1 to 4: Correlation performed on a single OFDM symbol 
· Subplot 5: combined (‘destaggered’) symbol
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	Correlation of the destaggered symbol (zoomed out): correlation peaks corresponding to two different UEs are depicted with two different colors.


[bookmark: _Ref23968765]Figure 6: Correlation function with increasing the allowed range, where the range is spread to the whole symbol.
Patterns for staggering and destaggering:
In our earlier contribution [1], we motivated signaling of SRS pattern to randomize interference between two instants of SRS transmission and highlighted that for a comb factor of 8, there are 49 different patterns for each initial comb offset and this can be signaled to the UE. Details of the proposal can be found in our earlier contribution. 
In particular, in RAN1#99, we agreed to keep the patterns {0,2,1,3} and/or {0,1,2,3} and/or {0,2,3,1} FFS for transmission comb size of 4, and the patterns {0,4,2,6,1,5,3,7}, and/or {0,4,1,5,2,6,3,7}, and/or {0,1,2,3,4,5,6,7}, and/or {0,4,6,2,5,7,3,1} FFS for transmission comb size of 8. 
Example of two different patterns using a transmission comb size of 4 are shown below. 
[image: ]
Figure 7: Diagonal pattern for KTC = 4, Offset = 0

[image: ]
Figure 8: Regular pattern for KTC = 4, Offset = 0

[bookmark: _Ref21096507][bookmark: _Ref21096542]Interference can be randomized if each gNB can signal its UEs to use a certain pattern and other gNBs use different patterns.  Therefore, we propose that the gNB shall signal the UE the staggering pattern to be used. The details of the patterns can be found in our earlier contribution [1]. 

Observation 2: Interference can be randomized if different UEs use different staggering patterns, the staggering pattern may be coordinated between gNBs and signaled to the UE by its s-gNB.
[bookmark: _Ref21095896]Proposal 2: Allow the staggering pattern to be signaled to an UE using an index, per UE or per cell basis, for example using DCI.  



Conclusion
In this contribution, we have analyzed remaining details to be clarified for SRS and have made the following observations:
Observation 1: The destaggered correlation includes additional peaks, if phase correction is not applied. 
Observation 2: Interference can be randomized if different UEs use different staggering patterns, the staggering pattern may be coordinated between gNBs and signaled to the UE by its s-gNB.

Based on above observations, we make the following proposals:
Proposal 1: Reuse Rel-15 SRS sequence for positioning and apply to a phase correction on the SRS resources when using staggering.

Proposal 2: Allow the staggering pattern to be signaled to an UE using an index, per UE or per cell basis, for example using DCI.  

References:

[1] 	3GPP R1-1911207, "Remaining Details on Uplink PRS Signal Design," Chongqing, China, 2019-10.
[2] 	3GPP R1-1903053, "Uplink NR TDOA Design," Athens, Greece, 2019-03.
[3] 	3GPP R1-1909387, "UE Procedures for transmitting UL PRS," Prague, CZ, 2019-08.
[4] 	3GPP R1-1909386, "Details on Uplink PRS Signal Design," Prague, CZ, 2019-08.
[5] 	3GPP R1-1907088, "Details on Uplink PRS Signal Design," Reno, Nevada, USA, 2019-05.



image3.png
sym1

sym2

500

sym3

500

sym4

4000
2000

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

500 1000 1500 2000 2500 3000 3500 4000
500 1000 1500 2000 2500 3000 3500 4000
500 1000 1500 2000 2500 3000 3500 4000
500 1000 1500 2000 2500 3000 3500 4000
After destaggering over 8 symbols
T T T T T |
| L, L L L | |
500 1000 1500 2000 2500 3000 3500 4000




image4.emf
0 500 1000 1500 2000 2500 3000 3500 4000

samples

0

500

1000

1500

2000

2500

3000

3500

4000

4500


image5.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




image6.emf
0 500 1000 1500 2000 2500 3000 3500 4000

samples

0

500

1000

1500

2000

2500

3000

3500

4000

4500


image7.png
sym3 sym2 sym1

sym4

1000
500

1000
500

1000
500

1000
500

4000
2000

AWGN: stepsize = 2*pi/i2 COMB=4, a=[0
‘ ‘ ‘ ‘

0], b=[27]

I I I /e L I
500 1000 1500 2000 2500 3000 3500 4000
I l I I /- I I
500 1000 1500 2000 2500 3000 3500 4000

Al l | A | /- | A

500 1000 1500 2000 2500 3000 3500 4000
I l I I L AL il

500 1000 1500 2000 2500 3000 3500 4000

After destaggering over 4 symbols
T T T T 3

I I I I I I

500 1000 1500 2000 2500 3000 3500 4000





image8.png
500 AWGN: stepsize = 2*pi/12 COMB=4, a=[0 0], b=[2 7]
‘ ‘ ‘ ‘ ‘ ‘

all UEs
— = signal UE 1

4000 - B

3500

3000

2500 B

2000 B

1500

1000

500 - B

.

0 500 1000 1500 2000 2500 3000 3500 4000
samples





image9.png
sym3 sym2 sym1

sym4

1000
500

1000
500

1000
500

1000
500

4000
2000

AWGN: stepsize = 2*pi/i2 COMB=4, a=[3 1], b=[0 0]
T T T T T T =]
| | | I I
500 1000 1500 2000 2500 3000 3500 4000
‘ I | il | i ‘ ‘
500 1000 1500 2000 2500 3000 3500 4000
I 1 | L I L
500 1000 1500 2000 2500 3000 3500 4000
‘ il ‘ u ‘ il ‘ .
500 1000 1500 2000 2500 3000 3500 4000
After destaggering over 4 symbols
T T T T 3
| | | | I I |
500 1000 1500 2000 2500 3000 3500 4000





image10.png
AWGN: stepsize = 2*pi/12 COMB=4, a=[3 1], b=[0 0]
4500 T T T T T T

all UEs
— = signal UE 1

4000 - B

3500

3000

2500 B

2000 B

1500

1000

500 - B

e A A

0 500 1000 1500 2000 2500 3000 3500 4000
samples




image11.png
155

10

11

Wi |—|o

Regular diagonal pattern for K1 =4, Offset =0





image12.png
155

“m

Wi |—|o

Alternative pattern for Ky =4, Offset=0




image1.png
frequency

6

7

s 11

2

n

910 un

N

Destaggering

6

7

s 11

2

n

Staggering J 1
4 1
J of
. x
. x
>

time





image2.emf



Phase offset
Phase ramp











