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[bookmark: _Ref37187857]Introduction 
For positioning, staggered transmission of sounding reference signal (SRS) has been agreed in Rel. 16 to achieve better coverage and performance in low SNR scenarios. It was already discussed in previous meetings that there are mainly two shortcomings if SRS is generated/transmitted according to current specification:
1) phase offset resulting due to the transmission comb offset and
2) range of cyclic shift a UE can be configured is limited to 1/KTC of the OFDM symbol duration.

To address these issues, the following options were identified by several companies [1] as candidate solutions: 
Option 1: 	      	 
[bookmark: _GoBack]			  if configured
otherwise

Option 2:  			         

  with  
 is configured (range for cyclic shift is extended). 
Note: the value of  is as in Release 15.
Further details on options 1 and 2 can be found in [2] and [3] respectively. A third method was proposed in [4] to solve the phase offset issue using the following mapping function (referred to as Option 3).
Option 3:  
where 
The  is the frequency-domain starting position of symbol 

Comparison of the Options 1 - 3
The current specification limits the range of the cyclic shift to /KTC, where KTC is the transmission comb number. Depending on the transmission comb factor, a de-staggering operation combines KTC OFDM symbols to a single symbol. This is equivalent to combining the cyclic correlations of each OFDM symbol to a common correlation function, which may be further evaluated by the time-of-arrival estimator.
	[image: ]  [image: ]

	[bookmark: _Ref37252017]Figure 1: Examples of correlation functions at OFDM symbol level and combined (“de-staggered”) correlation. Each of UE1, 2 and 3 using different cyclic shifts: 
no frequency offset (left) with frequency offset (right)


Figure 1 illustrates the correlation of SRS assuming no multiplex (the SRS of each UE is transmitted in different OFDM symbols or with different comb offset). The three colors represent different UEs with different cyclic shift settings. The figure shows the cyclic correlation of the signal received at the TRP with the (not cyclic shifted) reference sequence. The first four subplots visualize the correlation within one OFDM symbol. According to the comb factor four correlation peaks for each UE result. For the fifth subplot the four correlation functions are combined to obtain correlation of the “de-staggered” SRS. From Figure 1, we observe that the correlation on a single OFDM symbol includes KTC (KTC = 4 is selected for the example) equidistant and cyclically repeating replica of the ‘true’ correlation function. To achieve the full de-staggering gain, the following is required:
· a phase coherent addition of the desired peak must be applied, and
· replicas of the correlation function must be cancelled out.
For the set of plots on the left, no frequency offset is considered and for the set of plots on the right, the effect of frequency offset is also taken into account. The right figure shows that the “aliasing components” are no longer fully cancelled due to phase offsets resulting from (small) frequency offset. In the left figure some remaining very small peaks can be also observed caused by Doppler shift frequency according the movement during the sequential transmission of the OFDM symbols. For the example the Doppler shift frequency is very low and is equivalent to a speed of 3km/h.

It is possible that several UEs (or signals transmitted over different antenna ports) share the same resource elements. Figure 2 depicts the composite signal received at the TRP for three UEs sharing the same OFDM symbols and using the same comb offset. The correlation is done on the received signal which is the sum of signals from the three UEs. As with Figure 1, the first four correlation depicts the correlation on single OFDM symbols and the fifth plot shows the correlation of de-staggered SRS, which depicts the correlation peaks from three different UEs. 
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[bookmark: _Ref37259395]Figure 2: Correlation of the sum signal (3 UEs share the same REs): no frequency offset (left), with frequency offset (right)

With the above requirements which need to be fulfilled to achieve a full de-staggering gain, the performance of the three options mentioned in Section ‎1 can be  summarized by:
· All of the three options introduce a constant phase offset, thereby ensuring a coherent addition of the intended correlation peak. This applies at least to the cases where frequency offsets and/or Doppler frequency shifts (e.g. due to UE movement) do not introduce an additional phase offset.
· The number of cyclic shifts that can be configured by each of the 3 options and their resulting effects are different.

Considering the phase correction proposed in Option 2 the correction factor  can be split into two parts, as follows:
	
	(1)


The first part  ensures the coherent combining of correlations from each of the OFDM symbols. 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”.
When we compare Option 2 to Option 1, it can be observed that: 
· Option 1 multiples the  provided by the higher layer with the factor . Having in mind that 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  can be separated before de-staggering. 
· Compared to this, Option 2 maintains the cyclic shift stepsize of Rel.15 defined by  and increases the range of the cyclic shift by increasing the allowed range for the parameter provided by the higher layer. To distinguish this from the original  the parameter is called  in this document. The  used for the calculation of the cyclic shifted sequence itself and the phase correction factor can be derived from   
If we compare Option 2 to Option 3, it is observed: 
· Coherent combining and alias cancellation is achieved by applying phase correction to the cyclically shifted sequence. This is true if the sequence to which the above correction is applied is identical to Rel. 15 sequence. 
· Option 3, however, does not increase the effective range of cyclic shifts for the de-staggered SRS. The range of cyclic shift a UE can be configured is limited to 1/KTC of the OFDM symbol duration

Table 1: Overview on the three options and current Rel-16 characteristics.
	
	Rel-16 SRS Pos
	Option1 
	Option2
	Option3

	Phase correction for de-staggering
	No
	Yes
	Yes
	Yes

	Single OFDM symbol containing SRS sequence identical to Rel- 15
	Yes
	No
	Yes (Only common phase is added)
	Yes (Only common phase is added)

	Cyclic shift range in samples
	fftlength/KTC
	fftlength
	fftlength
	fftlength/KTC

	Steps  
KTC =2
KTC =4
KTC =8
	
8
12
6
	
8
12
6
	
16
48
48
	
8
12
6



From the analysis above, we can make the following observations:
Observation 1: All three options can achieve a coherent combining and can cancel the additional correlation peaks for an SRS Comb-N after de-staggering.
Observation 2: Options 2 and 3 maintain the same granularity for the cyclic shifts as Rel. 15. In addition, formulas applicable to SRS using several antenna ports can be kept as well. 

As discussed earlier, the Option 1 reduces the effective number of available steps per OFDM symbol. This reduces flexibility and may cause additional interference between UEs that are sharing the same resource elements using different cyclic shifts in case of non-ideal frequency offset estimation or Doppler frequency shifts. This effect is further evaluated in Section ‎3.

Observation 3: Option 1 reduces the effective number of available steps per OFDM symbol. This reduces the flexibility and may cause false detection of ToA due to the additional interference between UEs sharing the same resource elements in case of non-ideal frequency offset estimation or Doppler frequency shifts.

[bookmark: _Ref37137319]Impact of Doppler shift/frequency offset
After de-staggering the properties of the received signal is similar to an SRS transmission using a transmission comb factor of 1. When SRS is transmitted over several symbols, the sensitivity to Doppler frequency shifts and/or frequency offsets is higher compared to the case when SRS is transmitted in a single symbol. This could limit the performance of ToA estimation. There are two effects that need to be taken into account:
· Without correction of the phase offset resulting from Doppler frequency shift and/or frequency offset before combining, the full de-staggering gain will not be achieved. 
· A Doppler shift/frequency offset causes a non-ideal “aliasing cancelation” resulting in additional interference between signals from different UEs. If different cyclic shifts are used are used and the same REs are shared by the UEs, a separation of the signals at the network may be no longer possible. 

Analyzing the aliasing effect for different cyclic shift configurations
In the case of high or moderate SINR and if the UEs are transmitting on distinct REs, the frequency offset may be compensated at the network before combining (de-staggering) the OFDM symbols. The Doppler frequency shift/frequency offset is typically different for each UE. Therefore, it is likely for some scenarios that correlation peaks from UEs assigned with adjacent cyclic shift values overlap. In such a case, the signals from those UEs are no longer distinguishable from each other which may result in a high ToA estimation error. 
To illustrate this effect, we consider the shift of the correlation function (in samples), as a function of configured cyclic shift , 
	.	(2)

Given a transmission comb factor KTC, the correlation function has cyclically shifted replicas of the peak at  samples Form (2), it can be observed that two UEs interfere with each other if the difference between  for UE i and  for UE j is a multiple of  . Consider an example with three UEs,  and  for both Option 1 and Option 2. Note that Option 3 is not considered because the cyclic shift range follows the Rel-15 behavior.
 For Option 2, an extended cyclic shift , whose range is allowed to go beyond  can be configured. For  the second phase correction factor (see equation (1)) is not zero. This ensures that the cyclic shift can be configured within the entire range of the OFDM symbol. Although the replicas still occur  times (including the original one), due to the extended range of  over , the replicas can be placed in such a way that they do not overlap with each other. The different configuration options using Comb-4 using Option 1 and Option 2 are summarized in Table 2 . It can be observed that Option 1 only supports a part of the cyclic shift configuration. For example, a cyclic configuration resulting in samples is not supported by Option 1. 
[bookmark: _Ref37261271][bookmark: _Ref37260621]Table 2:   for different cyclic shift values for Option 1 and Option 2 for Comb-4 where cyclic shift values of the same color cause aliasing.
	Option 1
	
	Option 2
	

	
	
	
	

	0
	0
	0
⁝
	0

	1
	-170.67
	4
⁝
	

	2
	-341.33
	8
⁝
	

	3
	-512
	12
⁝
	

	
not supported
	-640

	15
⁝
	-640


	4
	-682.667

	16
⁝
	-682.667


	5
	-853.33
	20
⁝
	

	6
	-1024
	24
	

	7
	-1194.667

	28
⁝
	-1194.667


	
not supported
	-
	30
⁝
	-1280


	8
	-1365.33
	32
⁝
	

	9
	-1536
	36
⁝
	

	10
	-1706.67
	40
⁝
	

	11
	-1877.33
	44
⁝
	

	
	
	47
	






















The interference was analyzed for the case when multiple UEs sharing the same OFDM symbols by simulation. Details on the simulation assumptions are given in the Annex.
The difference in the cyclic shift between UE1 and UE2 is 512 samples. The time difference of the correlation peaks before de-staggering depends on the timing advance (TA) and the distance of the UE from the TRP. Hence, if the UEs are at similar distance from the serving cell TRP, the timing advances are similar. In this case, the correlation peaks of two UEs may overlap. An example is depicted in Figure 3 with additional information to illustrate the source of error in the scenario from Figure 2. The different elements of the plot defined by the legend are:
Corr @ fs:	cyclic correlation function at the sampling frequency of 61.44MHz 
Corr, upspl	resampling (to higher sampling frequency) of the correlation function to better show the characteristics 
No intf (upspl)	correlation function (resampled) without interference from other UE
intf (upspl)	signal components resulting from interference 
LOS delay	expected true ToA according to the distance and the time of transmit
estToa	estimated ToA using a ToA estimator detecting the first arrival path. 
The figure shows that the aliasing component caused by a non-ideal de-staggering for UE1 (distance is approximately 19 m lower, and the same ToT (time of transmit) setting is assumed) arrives before the first path of UE2 and may be detect as first arrival path of UE2.
· UE2: 	Expected ToA @ 853 + distance and TA offset
· UE1: 	Expected ToA @ 1365 + distance and TA offset
	Aliasing peaks @ 341, 853, 1877  + distance offset   alias component close to UE2
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[bookmark: _Ref37148078]Figure 3:  False ToA detection due to aliasing component resulting from UE1 on UE2.

Clearly, if the expected peak of a UE lies at the same place as an aliasing replica from another UE, this can cause false detections if the aliasing replica cannot be fully cancelled out due to impairing factors such as a Doppler frequency shift or a frequency offset. A more flexible cyclic shift configuration can avoid this issue. The values used for the cyclic shifts may be selected according to the deployment (TRP positions and size of the localization area). As example, the setting for UE1 is changed to UE1B ( is used instead of), which results to: 
· UE2: 	Expected ToA @ 853 + distance and TA offset (same as above)
· UE1B: 	Expected ToA @ 1408 + distance and TA offset (shifted by one CS stepsize of option 2) 
Aliasing peaks @ 384, 896, 1920  + distance offset (Aliasing components of UE1B are separated from UE2 peak positions by at least by 42.67samples (equivalent to a distance difference of 208m for SCS=30kHz)

The resulting correlation functions are depicted in Figure 4. The aliasing component of UE1B is now at a different place. The aliases and ‘true’ peaks can be better identified when the configuration allows the cyclic shifts for the UEs to be placed such that the replicas do not lie within the expected region of ‘true’ correlation peaks. 
In summary, Option 2 provides a large flexibility to configure the cyclic shifts so that the alias of a first UE does not lie near to the expected location of a second UE.
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[bookmark: _Ref37146341]Figure 4- No aliasing effect from UE1 to UE2 when selecting Option 2.

Observation 4: In case of frequency offset or Doppler shift, the “aliasing correlation peaks” arising due from the comb transmission are not fully cancelled and may interfere with the expected correlation peak. 
Observation 5: Using a small stepsize for the cyclic shifts as supported by Option 2, the network has the flexibility to:
	- assign more UEs on the same REs, and
- reduce the aliasing correlation peaks.

Proposal 1: For Rel-16 support at least:
· a phase correction for the staggered SRS, and
· maintain the cyclic shift step size of Rel-15.

Proposal 2: Extend the range of the cyclic shift by applying Option 2.

Proposal 3: Endorse the text proposal in Annex for inclusion in TS 38.211.

Conclusions
Based on the discussion in this document, we propose the following:

Proposal 1: For Rel-16 support at least:
· a phase correction for the staggered SRS
· maintain the cyclic shift step size of Rel-15

Proposal 2: Extend the range of the cyclic shift by applying Option 2.

Proposal 3: Endorse the text proposal in Annex for inclusion in TS 38.211.

The proposals are made based on the following observations:  

Observation 1: All three options can achieve a coherent combining and can cancel the additional correlation peaks for an SRS Comb-N after de-staggering.

Observation 2: Options 2 and 3 maintain the same granularity for the cyclic shifts as Rel. 15. In addition, formulas applicable to SRS using several antenna ports can be kept as well. 

Observation 3: Option 1 reduces the effective number of available steps per OFDM symbol. This reduces the flexibility and may cause false detection of ToA due to the additional interference between UEs sharing the same resource elements in case of non-ideal frequency offset estimation or Doppler frequency shifts.

Observation 4: In case of frequency offset or Doppler shift, the “aliasing correlation peaks” arising due from the comb transmission are not fully cancelled and may interfere with the expected correlation peak. 

Observation 5: Using a small stepsize for the cyclic shifts as supported by Option 2, the network has the flexibility to:
	- assign more UEs on the same REs, and
- reduce the aliasing correlation peaks.
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Annex A 
Text Proposal : 
Text proposal (38.211):
	-----unchanged text omitted ------
6.4.1.4.2	Sequence generation
The sounding reference signal sequence for an SRS resource shall be generated according to
	
if configured by SRS-Config IE

if configured by [SRS-for-positioning] IE

	
	


Where  is given by clause 6.4.1.4.3,  is given by clause 5.2.2, with  and the transmission comb number  is contained in the higher-layer parameter transmissionComb.  The cyclic shift  for antenna port  is given as 

,
The factor  if configured according to [SRS-for-positioning] IE and  if configured according to SRS-Config IE is contained in the higher layer transmissionComb.






Annex B
 Simulation Assumptions
	Parameter
	

	Deployment scenario
	InF, Scenarios: InF-LOS, InF-NLOS-DH and InF-NLOS-SH

	UE dropping
	Random inside the hall

	Channel model 
	InF according to TR38.901

	Carrier frequency 
	4 GHz

	Subcarrier spacing
	30 kHz for 50 MHz

	Reference signal 
	SRS, 1 antenna port, Comb 4 

	Uplink power control 
	Positioning Rel-16 power configuration

	Interference
	For UEs sharing the same REs

	Doppler
	3 km/h

	Frequency offset
	[0,0.025, 0.05, 0.1] ppm





Table 3- The CS configuration used for the examples. The CS values for UE1 and UE2 are supported by both Options, UE1B and UE3 is supported by option2 only.
	
	Option1 
	Option2 
	

	UE1B
(Used for Figure 4)
	
not supported
	15
	-640 
         (1408) Note1

	UE1
(Used other Figures 1,2 and 3)
	4
	16
	-682.667
(1365.3)

	UE2
(Used for all other figures)
	7
	28
	-1194.667
(853.33)

	UE3
(Used other Figures 1 and 2)
	
not supported
	30
	-1280
(768)


Note1:  assuming window start as reference.


Annex C
Impact of Doppler and frequency offsets to staggered SRS 
An example of the effects is given in Figure 5. The correlation for each symbol shows 4 correlation peaks according to the COMB factor KTC=4. The last subplot shows the “de-staggered” signal. The left figure shows a nearly perfect cancellation of 3 of 4 correlation peaks. The remaining small peaks (app. 51dB below main peak) results from a minor Doppler (5kmh, carrier frequency 4GHz). The right figure shows the signal with a frequency offset of 200Hz (0.05ppm @ 4GHz) and 30kHz SCS.
 [image: ] [image: ]Sidelobes according BW („SINC“ function)
„aliasing“ term only partly cancelled
Impact of minor „Doppler“

[bookmark: _Ref23963685]Figure 5: Impact of frequency offsets to de-staggering, Left: no frequency offset and 3kmh Doppler, right: with frequency offset
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destaggering process: No frequency offset
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destaggering process: with frequency offset
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destaggering process: 200Hz @ SCS=30kHz
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destaggering process: No frequency offset
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destaggering process: with frequency offset
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