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Introduction
In RAN1#96b, the following agreements were reached regarding the uplink positioning signal design for the NR. 
	Agreement:
For positioning, regarding the number of SRS symbols per resource, decide by RAN1#97 whether to increase the set of allowable number of SRS symbols per resource compared to the NR Rel-15 allowable set {1, 2, 4}. 
· If it is not decided to increase the number of SRS symbols per resource by RAN1#97, increasing the set of allowable number of SRS symbols per resource compared to the NR Rel-15 allowable set {1,2,4} will not be considered further after RAN1#97.

Agreement:
For positioning, regarding the possible SRS symbol locations per slot decide by A whether the SRS can be configured only in the last N symbols of a slot with N>6 
· If the above decision is not made by RAN1#97, configuring SRS only in the last N symbols of a slot with N>6 will not be discussed further after RAN1#97.

Agreement:
Select one or both of the following options to support staggered SRS transmissions for UL SRS positioning
· Staggered patterns (a collection of SRS symbols from the same antenna port with different offsets for at least some symbols) in a single SRS resource
· Configuration of the same antenna port for the transmission of SRS symbols in different SRS resources in a SRS resource set.




In this contribution, we describe a typical usage scenario and the resulting power control requirements and interference scenarios.
Furthermore, we propose that the possible SRS symbol location per slot is increased to 12, the maximum transmission comb factor is set to 12 and a simplified configuration of SRS resource to support staggered pattern for SRS symbols from the same antenna port is supported.
Likewise, we also propose a dedicated UL positioning slot in a logical sense, where the resources are assigned exclusively for positioning purposes, so that interference arising from different power control mechanism used for positioning use case for SRS does not affect SRS signals used for other use cases.

[bookmark: _Ref418255912]Background and Motivation 
This contribution focuses on RAN1 signal design (AI 7.2.10.2). Nevertheless, some aspects of the signal design influence the physical layer procedures (RAN1 AI 7.2.10.4) or make certain assumptions or requirements from the higher layer. For better understanding of our proposals related to signal design, the physical layer behavior is described together with the parameters provided by the higher layers or other aspects concerned with the physical layer procedures. 
General assumptions and terminology 
UTDOA is a particularly attractive technique for application scenarios where UE is not the primary consumer of position information but a node on the network side. UE requiring positioning such as IoT devices may not be equipped with GNSS receivers but may have different requirements in terms of accuracy, reliability, position update rate and time-to-first-fix and so on. The urban macro-cell is the most challenging scenario for UTDOA, where with the current Rel. 15 specifications of the  SRS, the signal may not be received with required power at all of the gNBs where measurements for positioning would be made. A typical use case for UTDOA would be localization in an industrial area or in a microcell scenario with dense deployment of gNBs. Furthermore, the update rates for different UEs might be different depending on the motion type and requirements on tracking accuracy. 
We make the following assumptions on signaling requirements: 
1) The serving gNB (s-gNB) assigns the SRS configuration to its UE, which it may do by taking the recommendation from LMF into account.
2) The LMF receives the SRS configuration from the serving gNB and exchanges this information with all of the gNBs measuring the ToA.
3) gNBs not making the ToA measurements for a UE are agnostic about the SRS configuration in the neighboring cells.
Simplified usage scenario
We depict a simplified usage scenario highlighting the coverage issues for UTDOA positioning with the current Rel. 15 SRS. In particular, we note that for the Rel. 15 SRS, power control is done with respect to the serving gNB, which in effect reduces the number of neighboring gNBs where the signal is still hearable, i.e. parameters such as ToA can still be estimated with required accuracy.  
[image: ]
[bookmark: _Ref7690562]Figure 1: Depiction of limitation of Rel. 15 SRS for positioning use case. Only distance dependent pathloss parameter and same pathloss model for all of the links is assumed for clarity in the figure.
UE1 and UE2, which are configured to use SRS for positioning purposes, must respect the following two requirements: 
· The beam configuration for the UE is selected according to the positioning requirements
· The transmit power is selected according to the positioning requirements 
In particular, we note that using the Rel. 15 SRS power control for positioning use case significantly reduces the hearability at multiple gNBs, as illustrated by the simplified example in Figure 1. By contrast, for the UE3-gNB4 link, where other use cases for SRS are considered, there is no requirement for the SRS to be received at other gNBs with a certain power. 
In particular, we highlight that the distance from the UE1 to its s-gNB (i.e. gNB1) is higher compared to the distance from UE2 to its serving gNB (i.e. gNB2). Assuming power control for SRS based on Rel. 15 and omnidirectional characteristics of antenna at UE (which serves simply the purpose of illustration), the received signal strength contour at the value received at their respective serving gNBs are drawn around both UE1 and UE2. In this scenario, UE1 would not be heard at the furthest of the gNBs where ToA needs to be measured. Note that in Figure 1 only three gNBs are shown. For 3D positioning, a fourth gNB would be needed, which is likely to be even further away. Thus, reaching all of the required gNBs with existing assumptions on power control is a challenge. 
To alleviate the issue with signal strength, we propose that both UE1 and UE2 transmit with the same transmit power, regardless of the distance from their respective serving gNB. The fixed transmit power can be configured by the serving gNB, which may be based on the physical deployment characteristics and may include among others the ISD. As a result, the hearability range is enhanced for the UEs closer to their serving gNB. Nevertheless, this can bring in other issues as quantization error for users far away, clipping and non-linear distortion. These issues need to be considered FFS.
With regards to the transmit power, it is important to note that in our earlier contribution [1], we highlighted that the required SINR for the positioning use case of the SRS is much lower than for other use cases. In particular, the ToA estimation can be done with SINR values in the order of -20dB is usually sufficient depending on the sequence length used. Furthermore, if more than one symbol is allocated for the SRS and the transmissions in multiple OFDM symbols are jointly processed, then the effective sequence length is sum of all assigned REs. 

Observation 1: Power control needs to take sequence length, power boosting gain in case of repetition and required signal power at the receiver into account. 
Proposal 1: Power control for positioning uses a different mechanism from other SRS use cases.
Proposal 2: The transmit power for UE is fixed for all UEs within a cell by the serving cell, which may be specifically configured for SRS positioning use case. 

SRS bandwidth
A higher bandwidth increases the accuracy of ToA measurement. Therefore, the positioning use case needs to be configured with a larger SRS bandwidth but lower values of SINR are acceptable for ToA computation. On the other hand, for the other uses of SRS, a sub-band may be sounded at a time but requires relatively higher SINR for good estimate of channel.  

Observation 2: It is not necessary for the UEs to use same SRS bandwidth for positioning with respect to other SRS cases.
Proposal 3: Allow different SRS bandwidth to be configured for positioning use case compared to other use cases.


Interference management
The following different interference scenario can arise:
1. Interference between two UEs transmitting SRS for positioning use case. 
2. Interference between two UEs transmitting SRS for positioning use case and other Rel. 15 SRS use cases. 
3. Interference from SRS positioning use case to data (in neighboring gNBs) 
4. ICI (inter (sub-) carrier interference), caused by non-ideal symbol timing, CP violation, non-ideal frequency offset correction, high Doppler-spread and non-linearity effects. 

In this contribution, we limit our focus to interference between two users transmitting SRS for positioning use case (scenario 1) and two users transmitting SRS for positioning use case and other Rel. 15 SRS use cases (scenario 2). The remaining two interference scenarios are out of scope of this contribution. 

For the discussion, the following assumptions on resource allocation are made
1. UE1 and UE2 may transmit on the same OFDM symbol and be separated by different transmission comb offset parameters. This results in minimal interference between two UEs, which is ideally 0. Nevertheless, UE1 and UE2 may use the same REs as long as their signals lie within a range where the code-division multiplex can resolve them. 
2. UE3 which is served by a gNB which is not coordinated by the LMU. gNB4 may use SRS resources used by gNB1 and gNB2 also for data communication. Therefore, the data transmission from UE3 may conflict with SRS transmission for UE1 and UE2. 
3. We consider that the positioning use case does not run standard power control algorithm for Rel. 15 SRS but is transmitted with maximum transmit power configured by its serving gNB.

Based on the assumptions above, the following interference scenario arises: 
· The higher transmit power of the SRS for positioning use case introduces additional interference. This means, separating a positioning use case SRS and SRS use case in the code domain may require longer sequences than available. 
· For positioning use case, low SINR in the region of -20 dB is usually sufficient. Hence, interference to a positioning use case of SRS is less critical.
· If UE3 uses the same resources assigned for positioning use case by UE1 (for example), this could cause more interference at gNB3 compared to the case where SRS for Rel. 15 use cases are used. 

Observation 3: SRS positioning use case when used with constant transmit power fixed cell-wide causes interference to other users using power control. 
Proposal 4:  Users transmitting SRS for positioning use case should be configured to transmit on a different slot (‘Uplink positioning slot’) than the standard Rel. 15 SRS use cases, in order to mitigate interference due to higher transmit power.



[bookmark: _Ref418462123]Proposals for SRS enhancements
As described in chapter 2 the assignment of an uplink positioning slot (‘ULP slot’) reduces the side effects of SRS positioning use case. It should be noted that defining a particular slot as a ‘ULP slot’ does not require any change in the physical layer. The ‘ULP slot’ only has a logical meaning in a sense that only users transmitting SRS for  positioning use case are scheduled in this slot. Within this logical slot, the following is valid:
· The periodicity of the SRS for positioning use case is selected according to the required update rate. 
· Users are preferably scheduled by a semi-persistent allocation to minimize the signaling overhead. 
· Beside time/frequency separation, the signals from different users are additionally separated in the code domain by selecting different sequences as defined in Sec 6.4.1.4.2 of 38.211. Grouping users together based on similar transmission patterns can help separate transmission between two users. 
The above functionality is already supported by release 15 from the physical layer perspective. Figure 2 summarizes the changes we propose together with the expected gains from these changes. 
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[bookmark: _Ref7702960]Figure 2: Overview to the potential gains resulting from enhanced SRS

The further enhancements envisaged would increase flexibility and efficiency (reducing the number of slots used for transmitting positioning use case of SRS). In release 15 the SRS can be inserted in any of the last 6 OFDM symbols of a slot. Taking the transmission comb factor into account, up to 24 UEs can be separated in the time/frequency domain per slot. Combinations of the following parameters should be additionally considered: 
nrofSRS-Ports:	The number of SRS ports required depend on the antenna characteristics of the UE. For positioning use of omnidirectional characteristics may be preferable. 
	This can be implemented by either of the following:
·  Defining a dedicated antenna port for the SRS, 
·  Select an active port sequentially over several ports, or 
·  Transmit different sequences over different ports in parallel. 
Note: For positioning use it may be possible to transmit different sequences over different ports in parallel. For the decoding of the SRS for positioning use case very low SINR values in the order of -20 dB are still acceptable. Hence the resulting interference between the signals has no or a minor impact to the ToA measurement accuracy.
nrofSymbols:	There are two main reasons to increase the number of symbols 
· Link budget considerations (for details please see below) 
· To select ports sequentially if several antenna ports are selected.
l0	Selects the OFDM symbol(s) used for SRS (position in the slot)
KTC 	Transmission Comb
k0	Starting position of the SRS symbol (incorporates ‘comb offset’) 
Depending on the selected parameters the number of UEs sharing one ULP can be calculated. An example of such computation is provided for reference in the following table. The parameters highlighted in green are not supported by release 15.

	
	KTC
	OFDM Symbols per SRS- resource
	OFDM symbols available for SRS
	Seq.
length
	Proc. gain
	Power boosting gain
	SRS resources per ULP
	Remarks

	LTE
	2
	1
	1
	N/2
	Ref
	Ref.
	2
	For LTE (TS 36.211) KTC and nrofSymbols is not configurable

	Supported by NR, release 15
	2
	1
	6
	N/2
	Ref
(0dB)
	Ref (+0dB)
	12
	NR allows the selection of the OFDM symbol used for SRS

	
	4
	2
	6
	N/2
	0dB
	+3dB
	12
	Same number of resource elements, staggered repetition provide power boosting gain

	
	4
	1
	6
	N/4
	-3dB
	+3dB
	24
	Increasing the comb factor reduces the sequence length (lower processing gain). This loss is compensated by a higher power spectral density of the used subcarrier (‘power boosting’). For deployments with normal ISD the ambiguity introduced by transmission comb of 4 is not critical.

	
	4
2
	4
2
	4
2
	N
N
	+3dB
+3dB
	+3dB
0dB
	6
	Since KTC = 3 and nrofSymbols=3 is not supported by Rel. 15, the UEs multiplexed have different comb offset and repetition factor.

	Possible extensions
	4
	1
	14
	N/2
	0
	0
	28
	Allowing the use all OFDM symbols for SRS in 

	
	2
	1
	14
	N/4
	-3dB
	+3dB
	56
	

	
	6
	6
	12
	N
	+3dB
	+4.7dB
	12
	High power boosting gain

	
	12
	12
	12
	N
	+3dB
	+7.8dB
	12
	Highest power boosting gain plus gain of increased sequence length (total gain 10.8dB)

	
	12
	1
	14
	N/12
	-7.8 dB
	+7.8dB
	168
	Very high number of UEs per ULP slot. Unique detection of ToA only possible for low ISD / low delay spread


The table highlights the advantages of using a wider range of parameters for configuration of SRS resources. Depending on the application scenario, either the number of UEs sharing a slot can be increased or better hearability results can be achieved. These advantages may be especially relevant for industrial use cases (for example tracking of many IoT devices simultaneously, or improve hearability for devices with very low transmit power.)  

Our analysis has shown gains of up to 10.8 dB when a comb size of 12 in combination with staggering in up to 12 symbols is used. For further details please refer to annex or to our earlier contribution [2]. 

Observation 4: Gains of up to 10.8 dB can be achieved by using a comb size of 12 and staggered repetitions and forming channel impulse response by taking DFT of de-staggered frequency response. 

Proposal 5:  Increase the region where SRS can be transmitted from last 6 OFDM symbols in a slot to the last 12 OFDM symbols or all OFDM symbols in a slot for the positioning use case.

In order to support staggering pattern per SRS resource, it is necessary to configure the number of SRS symbol per resource to be selected from {1, 2, 4, 6, 12} in order to fully cover the signal bandwidth after de-staggering.

Proposal 6: Support SRS symbols per resource  to be selected from the following set {1, 2, 4, 6, 12} with staggering. 

Staggered SRS is partly already supported in release 15 by assigning different SRS resources to one UE. For full flexibility it may be worthwhile to support a straight forward configuration of SRS with staggering. Especially the antenna port selection shall be decoupled from the SRS resource assignment. This would allow different combining strategies of the received signal. Note: For the standard use case the configurations are typically selected according to the channel sounding requirements for MIMO applications. For positioning use cases other criteria may apply and depend on the beam-management procedures.  

Proposal 7: Support transmission comb size (KTC) to be selected from the following set {1, 2, 4, 6, 12} with and without staggering. 

Proposal 8: Allow staggered pattern to be configured as a single SRS Resource within SRS-Config IE by adding parameter to allow staggered repetition.

Of course, it is true that changing the above parameters has an impact to TS38.211 (chapter 6.4.1.4) and may require a new release of the 5G chipsets. For UTDOA the configuration can be individually set for each UE. Therefore UEs can signal whether or not it supports the enhanced positioning SRS. 

Proposal 9:  Define UEs categories according to the capabilities related to SRS-P configurations 
· Category A:	UE supporting SRS configuration according to Rel. 15
· Category B:	UE also supporting the enhanced SRS configuration for positioning use case
[bookmark: _Ref7209936][bookmark: _Ref534822995]User group management
As highlighted in section 3, the number of UEs which share one slot depends on the comb factor and the number of OFDM symbols assigned to the SRS. 
The received signal at the location measurement unit (LMU) may vary significantly when the UEs from geographically diverse areas transmit at the same time. The signal of the users can be separated from one another by achieving the orthogonality between users in time, frequency and code domain. 
Orthogonal codes, such as the Zadoff-Chu (ZC) sequences, have a processing gain which is a function of the sequence length. Provided that the users within a geographically diverse area are separated within the code domain, the near-far problem becomes the main limiting factor and the separation offered by code alone may not be sufficient to identify a user from another. By assigning different UEs to different ZC sequences, which in effect multiplexes the UE along the code domain, the number of UEs sharing one slot can be further increased. The major problem that arises while multiplexing the users in the code domain is the ‘near-far problem’. When the signal level differences from different UEs exceed the processing gain of the code, the signals cannot be separated sufficiently.
An efficient strategy would be to group together users that are roughly in the same area into a group and separating the users within the group by code domain. Two users that are not part of the same group need instead to be separated either along the time dimension or along the frequency dimension.  The users may be assigned to groups based on information derived from beam reporting (e.g. SSB) or coarse a-priori knowledge of the position of the UE (e.g. position estimate derived from single point locating by the s-gNB using eCID, AoA or AoD information or using mobility information). 
Introducing the group management, [2] mitigates this problem. The group management concept is based on:  
· Selecting the time/frequency resource depending on the location of the UE. UEs in the same area may share the same time/frequency resources and are separated in the code-domain only. UEs using the same time/frequency resources belong to the same user group (UG). 
· Different user groups are separated in the time/frequency domain using different RE assignment.
· Complementary to separation in time/frequency and managing allocation of ZC sequences, an “activity pattern” is assigned to each UE. A UE will not transmit in very slot configured for positioning use. 
The group management minimizes the probability of critical interference scenarios, where the signal differences between two UEs separated in the code domain exceed the processing gain of the code. Furthermore the group management may also be useful for overlapping or adjacent localization areas managed by different entities. 

This concept is illustrated in Figure 3, where the users in UE group 2 are located close to one another. The UEs within this group would transmit on the same time and frequency resources, but would be separated from one another through the use of different orthogonal codes. By contrast, the UEs within the green circle (‘other UG’) would transmit on a different set of time and frequency resources compared to that of UE group 2. Nevertheless, within the green group the UEs would transmit on the same time/frequency resources and the UEs use different orthogonal codes to separate one another. 
To illustrate the benefits of user grouping, we simulate the scenarios depicted in Figure 4-a (grouping) and Figure 4-b (no grouping).

[image: ]
[bookmark: _Ref4434485]Figure 3: Illustration of user grouping.
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(b)


[bookmark: _Ref4433200][bookmark: _Ref4433189]Figure 4: Formation of user groups: (a) based on their proximity to one another, (b) without user group management
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[bookmark: _Ref4433638]Figure 5: Comparison of SIR in scenario with group management (group 1- 3) vs without group management (group 4 – 5) in Uma LOS scenario [3].   
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[bookmark: _Ref4433641]Figure 6: Comparison of SIR in scenario with group management (group 1- 3) vs without group management (group 4 – 5) in Uma NLOS scenario [3].  

The results in Figure 5 and Figure 6 both show that the range and the variance of SIR at the LMU is lower if user group management is carried out (group 1, 2 and 3) as opposed to the case where the users within the geometrically diverse areas are multiplexed together in code domain. By performing group management, relatively shorter sequences can be used to separate users signal from one another compared to the scenario where no group management is done. 
The benefits of group management for managing UEs transmitting on same time/frequency resources are clear from RAN1 perspective. Nevertheless, this is an issue which needs to be dealt with at a higher layer. It is therefore necessary to request RAN2/3 to look into realizing group management from higher layer perspective. 

Proposal 10: Discuss within RAN1 whether LS can be sent to RAN2/3 requesting group management for interference coordination among UEs separated along the code domain.

Conclusion
We make the following observation with respect to uplink reference signal design:
Observation 1: Power control needs to take sequence length, power boosting gain in case of repetition and required signal power at the receiver into account.
Observation 2: It is not necessary for the UEs to use same SRS bandwidth for positioning with respect to other SRS cases.
Observation 3: SRS positioning use case when used with constant transmit power fixed cell-wide causes interference to other users using power control.
Observation 4: Gains of up to 10.8 dB can be achieved by using a comb size of 12 and staggered repetitions and forming channel impulse response by taking DFT of de-staggered frequency response.
Based on the observations above, we make the following proposals:
Proposal 1: Power control for positioning use a different mechanism from other SRS use cases.
Proposal 2: The transmit power for UE is fixed for all UEs within a cell by the serving cell, which may be specifically configured for SRS positioning use case.
Proposal 3: Allow different SRS bandwidth to be configured for positioning use case compared to other use cases.
Proposal 4:  Users transmitting SRS for positioning use case should be configured to transmit on a different slot (“Uplink positioning slot”) than the standard Rel. 15 SRS use cases, in order to mitigate interference due to higher transmit power.
Proposal 5:  Increase the region where SRS can be transmitted from last 6 OFDM symbols in a slot to the last 12 OFDM symbols in a slot for positioning use case.
Proposal 6: Support SRS symbols per resource  to be selected from the following set {1, 2, 4, 6, 12} with staggering.
Proposal 7: Support transmission comb size (KTC) to be selected from the following set {1, 2, 4, 6, 12} with and without staggering.
Proposal 8: Allow staggered pattern to be configured as a single SRS Resource within SRS-Config IE by adding parameter to allow staggered repetition.
Proposal 9:  Define UEs categories according to the capabilities related to SRS-P configurations
· Category A:	UE supporting SRS configuration according to Rel. 15
· Category B:	UE also supporting the enhanced SRS configuration for positioning use case
Proposal 10: Discuss within RAN1 whether LS can be sent to RAN2/3 requesting group management for interference coordination among UEs separated along the code domain.
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ANNEX
Comparison of different SRS allocations and transmission combs:
Examples for combinations of different comb and number of used symbols
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	(a) Reference: Comb 2 over 1 symbol: this forms the baseline, which is used for UTDOA in the LTE.
	(b) Comb 4 over two symbols with offset: this has same sequence length as option a, but provides 3dB gain due to power boosting. 
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	(c) Using a Comb 2 over 2 symbols: this has a higher sequence length compared to the baseline and therefore provides higher processing gain.
This configuration may be preferred if different antenna ports are selected for the symbols
	(d) Staggered Comb 2 over 2 symbols: this has the same sequence length as option c. The common decoding of the two symbols is simplified 
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	(e) Staggered Comb 4 over 4 symbols 
· 3dB gain compared to (a) from power boosting. 
· 3dB gain compared to (a) from  higher sequence length.
	(f) a ‘High performance configuration’ (Comb 12 over 12 symbols)
· 7.8dB power boosting gain compared to (a)
· Longer sequence length (+3dB relative to (a)) 


[bookmark: _Ref418464378]Figure 7: Examples for SRS pattern.

In Figure 7, we depict the baseline SRS (the SRS which has been used for UTDOA with the LTE system) together with possible enhancements that can be made to SRS for positioning use case. 

In order to enhance the hearability of SRS signals at multiple gNBs, especially when the UE is closer to its serving gNB, the following adjustments can be made:

· Increasing the transmission comb size boosts the power per RE but the processing gain decreases due to a decrease in the sequence length. 

· Nevertheless, when two (or more) shorter sequences (with a larger transmission comb) is repeated (either using the same Zadoff-Chu (ZC) sequence, a different one or a long sequence is spread over two (or more) symbols) but with an offset, thereby forming an staggered pattern, the OFDM symbols can be combined together in an efficient way (“de-staggering”). The advantages of the longer sequence (“processing gain”) are maintained and the SINR is increased due to the possible power boosting. 

In principle, there are following choices in generating a longer  sequence
1. Using the same ZC sequence for each repetition 
2. Using a different ZC sequence for each repetition 
3. Taking a longer ZC sequence and transmitting it over multiple OFDM symbols

Option 1 and 2, select shorter length ZC sequence to be generated, whereas Option 3 would require mapping of ZC sequence to be altered. Since a ZC sequence is mapped over several OFDM symbols, the slice of ZC sequence remaining within an OFDM symbol would not retain a low PAPR property of ZC sequence. For this reason, option 1 or option 2 is prefereed.

In summary, increasing the allowed parameter range for comb factor (KTC), number of available SRS symbols in a slot and the number of OFDM symbols per SRS resource (nrofSymbols) offers the following advantages:
· Multiplexing a higher number of UEs per slot 
· Achieving a power boosting gain 
· Achieving a higher processing gain (by constructing in effect a longer sequence length) 
· Some combinations of above
Based on our analysis above, we express our views regarding the SRS resource mapping as follows:

Analysis of enhanced SRS signal for positioning use case
In our earlier contribution, we presented the concept of staggering SRS using transmission comb number (KTC) equal to 12 and compared it against using the SRS using KTC = 2 and  = 1 using link level simulations.  We applied the system level channel models for a single link, to investigate whether the signal is hearable at multiple gNBs or not. In other words, we tried to evaluate whether or not a gNB can measure ToA within a certain error range between the UE transmitting SRS and the gNB. For this purpose, the following parameters were taken: 
· 50MHz bandwidth, thereby supporting a high time resolution for the ToA estimation 
· 23 dBm of peak transmit power for a UE, in line with the simulation assumptions made during the NR positioning study item 
Two configurations were investigated: 
1) SRS using one OFDM symbol with  KTC = 2 (Baseline) 
2) Proposed SRS (with KTC increased to 12) and staggering (Enhanced SRS) 

The results obtained are tabulated as follows: 

	
	Rel. 15 SRS 
(in Baseline Configuration)
	Enhanced SRS  
(“staggered transmission comb structure”)

	Bandwidth
	50MHz
	50MHz

	COMB
	2
	12

	Power boosting:

	25MHz
	4.16MHz
 7.8dB gain compared to SRS

	Used subcarriers per OFDM symbol
	1584
	264

	Assigned OFDM symbols
	1
	12

	Effective sequence length
	1584
	3168
 processing gain increased by 3dB

	Total gain
	0dB (Reference)
	10.8dB (compared to SRS)

	Required wideband SNR
(comparable performance, see [2]) 
	-20dB

	-31dB

	Noise power for NF=5dB in 50MHz bandwidth
	-91.9dBm
	-91.9dBm

	Required input power 
	-111.9dBm
	- 122.9dBm

	Maximum allowed pathloss for UE TX power = 23dBm
	134.9dB
	145.9dB

	Radio resources used 
	1584 RE per slot
	3168 RE per slot



In the table above, the ‘power boosting’ effect boosting’ effect is described as reduction of the effective (occupied) bandwidth per OFDM symbol. This is calculated as follows:
· The SNR is the SNR before processing and represents SNR = S / (B N0)
with 
  	B = effective used bandwidth (50MHz in the example)
  	N0 = Noise power density according to the noise figure of the receiver
· For the noise from the subcarriers that are not allocated, the subcarrier output at the output of the FFT of the OFDM demodulator can be set to 0, thereby reducing the noise effective bandwidth. 
The SNR required for obtaining ToA estimates within a valid range is estimated by LLS (see [1]). From the raw data, only the valid measurements are taken into account further. False measurements may be detected through post processing (for example: by cross checking the values with measurements obtained from other LMUs) or through repetition of the measurements. For the remaining values that appear to be within a valid range, the standard deviation of the error is calculated.  
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(b)

	Assuming single shot operation at low SNR false detection may occur. The plot shows the number of values within the expected ToA range. 
	Toa error versus SNR (values outside the expected range are ignored) 


Figure 8: Comparison of SRS, KTC = 2 over 1 symbol with the staggered enhanced-SRS structure using KTC = 12 over 12 symbols: 
(a) Detection probability (ToAs in expected range); (b) TOA error (standard deviation)
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