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The objective of the work item [1] is to specify solutions to enable RAT dependent (for both FR1 and FR2) and RAT independent NR positioning techniques while considering E911 and commercial requirements for horizontal  and vertical (e.g. floor level) positioning accuracy according to TR38.855. 
The objectives of the WI [1] for RAN1 are: 
1. Specify NR DL and UL reference signals to facilitate support of NR positioning techniques (DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID) [RAN1]
0. Support E-CID downlink measurements based on at least RRM measurements defined in NR Rel. 15
0. Identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques
0. Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT
0. Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA
1. Define UE measurements based on DL reference signals applicable for NR positioning. The following UE measurements are specified for serving, reference, and neighboring cells [RAN1]
1. DL RSTD (reference signal time difference) measurements for NR positioning
1. DL RSRP (reference signal received power) measurements for NR positioning
1. UE RX-TX time difference measurements for NR positioning
1. Define gNB measurements based on UL reference signals applicable for NR positioning. The following gNB measurements are specified [RAN1]:
2. UL RTOA (relative time of arrival) measurements for NR positioning
2. UL Angle of Arrival (AoA) measurements (including Azimuth and Zenith Angles) for NR positioning
2. UL RSRP (reference signal received power) measurements for NR positioning
2. gNB RX-TX time difference measurements for NR positioning
1. If necessary, define physical-layer procedures to support UE/gNB measurements for NR positioning [RAN1]

Enhancements to positioning signals for uplink
As highlighted above, two of the objectives of this work item relevant for this contribution are: 
“Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA. 
If necessary, define physical-layer procedures to support UE/gNB measurements for NR positioning” 
While it has generally been agreed that the SRS in its current form is flexible for basic positioning support with UTDOA, it nevertheless can be improved to enhance the performance of positioning. In particular, we note that the current specification of NR allows SRS to be transmitted on 4 out of the last 6 OFDM symbols within a slot. Likewise, transmission comb numbers of 2 or 4 are allowed. However, this limits the number of UEs which can be separated in time and frequency domain within one slot. Part of our proposed solution is to increase the transmission comb number (KTC) for SRS, which also improves the receiver sensitivity. The hearability issue has been intensively analyzed in our previous contribution [2]. Since the SRS needs to be received by at least four different LMUs for 3D positioning, the coverage could be potentially compromised due to power limitation in deployments such as UMa scenario or for devices that have lower EIRP values. Clearly, for scenarios with smaller ISD like the UMi or the indoor deployments the issue of reduced UE transmit power /EIRP (compared to the available power for RS in DL schemes) is not seen as a limiting factor. 
In this contribution, we propose the following three enhancements:
1. Increasing the number of UEs sharing the allocated resources :
a. By increasing the number of UEs which can be separated in the time/frequency domain, and 
b. By minimizing the number of required slots where SRS is transmitted for positioning use by allowing UE to be multiplexed additionally in the code domain. 
2. Introducing a semi-persistent allocation of slots that carry the SRS signals for positioning use. This approach minimizes the signaling overhead and would be particularly attractive for application scenarios with low power requirements and also for tracking the UEs. 
3. Defining an interference mitigation strategy in case of critical interference exceeding the capability of the code multiplex. 
[bookmark: _Ref415731303]Increasing the number of UEs sharing the same slot
The primary purpose of the SRS when it was introduced was to obtain the channel estimates for scheduling uplink transmissions. For the portion of the bandwidth where the UE has its PUSCH transmission, DMRS can be used for channel estimates. For the portion of the bandwidth where the UE has no PUSCH allocation or when the UE has not had any PUSCH allocation recently, SRS could be used for channel sounding. 
For positioning applications, where devices are tracked with high position update rate, a semi persistent or periodic transmission of SRS may be beneficial from the perspective of overhead which is required to configure such transmission. A proposal is to introduce a dedicated ULP-slot, where the UEs would be multiplexed using semi-persistent allocation. Within this ULP-slot, UEs are classified into groups and orthogonally multiplexed into the ULP-slot. In this case, SRS positioning transmissions by UEs will not interfere with PUSCH transmissions from other UEs to their respective serving gNBs/TRP.
[bookmark: _Ref4594244][image: ]
Figure 1: Example of SRS transmission possible with NR configuration (Rel. 15) using a transmission comb of 4 and 4 symbols.
While the NR already offers a higher flexibility for the allocation of RE for SRS transmissions compared to the LTE, the allocation of SRS is still limited to parts of a slot configured for SRS transmission within the cell (see Figure 1). This limits the number of UEs that can be multiplexed to transmit SRS signals for positioning purpose within the same time slot. 
To address the above shortcomings with hearability and flexibility in resource allocation, we propose the following: 
1. Increasing the number of OFDM symbols within a slot that can be assigned for SRS transmission for the positioning purpose. This enables multiple UEs to be multiplexed into the positioning slot. An industrial IoT application with many UEs to be tracked at the same time is a good example where further increasing the number of UEs sharing a slot would be beneficial. 
2. Designating the entire slot to be used exclusively for transmitting uplink positioning reference signals (‘ULP-slot’).  The structure or sequence for enhanced-SRS may be identical to the Rel. 15 SRS or specific sequence may be defined exclusively for positioning use case.  
3. If the ULP-slot is defined and/or the total number of symbols where the SRS is transmitted can be increased, it would be beneficial to increase the maximum transmission comb number possible to 12 (instead of current 2 or 4). This allows the transmitted power on the RE containing the SRS to be boosted, while keeping the total transmit power constant. The details regarding the resulting gains can be found in our earlier contribution [2], and are summarized in the Annex.  
4. Increasing the sparse allocation (higher COMB factor) increase the power posting gain, but the sparsity of allocation increases the ambiguity when the subcarrier on which the reference signal is transmitted does not change. Staggering could be introduced to mitigate the impact of sparse allocation of resources for SRS. 
5. Increasing the number of UEs sharing the same slot for transmitting the enhanced-SRS in correspondence with the higher transmitter comb number used. 
For the channel sounding purposes, the transmission comb is selected according to the coherence bandwidth of the channel. For positioning use, other criteria may have significant impact on the decision: 
· Assuming that the ToA is estimated by correlation techniques, the sequence length (which corresponds roughly to the number of REs used) defines the ‘processing gain’. The processing gain is the main determining factor for high ToA accuracy at very low SINR regime.
· If the sequence is spread over several OFDM symbols, ‘power boosting’ can be applied. This allows the coverage area for a given transmit power to be boosted or allows reduction of the transmit power per symbol while maintaining the coverage area. 
· The comb number introduces an ambiguity in the ToA detection. This becomes especially relevant if high ToA-differences (i.e. the difference in distances from the UE to each of the gNB/LMU is large) are to be supported.
A few examples of allocation patterns for enhanced SRS with their characteristics are depicted in Figure 2.  
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	(a) Comb 2 over 1 symbol: this forms the baseline, which is used for UTDOA in the LTE.
	(b) Using a Comb 2 over 2 symbols: this has a higher sequence length (assuming the SRS sequence is carried over) compared to the baseline and therefore provides higher processing gain.
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	(c) Staggered Comb 2 over 2 symbols: this has the same sequence length as option b.
	(d) 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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	(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: _Ref415431323]Figure 2: Examples for enhanced SRS pattern.
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[bookmark: _Ref415465110]Figure 3: Time/frequency sharing of ULP-slot
A time/frequency sharing pattern could be defined based on SRS configuration. Sharing the slot among multiple UE or multiple UE groups for the pattern ‘staggered transmission comb 4 over 2 symbols’ – option (d) and ‘staggered transmission comb 12 over 12 symbols’ – option (f) are illustrated in Figure 3. The maximum number of UEs (or UE groups) that can be multiplexed within the same slot (not including the code division multiplex) are summarized in Table 1.
[bookmark: _Ref5019935]Table 1: Possible combination of comb number and number of symbols use by one SRS and resulting maximum number of UE groups (UG) 
	Comb

	Symbols per SRS
	Maximum number of UEs (or UE groups) sharing the same slot
	Comments

	
	
	Up to 6 OFDM symbols can be used
	Up to 12 OFDM symbol can be used
	

	2
	1
	12
	24
	Default configuration  (baseline)

	4
	1
	24
	48
	Possible configuration for small networks. Sequence length is reduced, but similar sensitivity is expected due to boosting of power.

	12
	1
	72
	144
	Due to correlation peak ambiguity (12 peaks within one OFDM symbol length) applicable to very small cells (e.g. indoor) and high bandwidth (many RBs must be assigned to maintain the minimum sequence length)

	2
	2
	6
	12
	The sequence length is doubled compared to the baseline, which results in 3dB processing gain.

	4
	4
	4
(only 4 symbols used)
	12
	Additional 3dB gains from power boosting

	6
	6
	6
	12
	

	12
	12
	Not applicable
	12
	10.8dB gain compared to the baseline.



Observation 1: 	Allowing up to 12 OFDM symbols of a slot to be assigned to SRS for positioning use case increases the number of UEs which can share the same slot.  
Observation 2:	Increasing the comb factor in combination with staggering allows power boosting while maintaining the sequence length increases the available SNR.
Proposal 1:	SRS can be allocated in any of up to the [12] of the 14 OFDM symbols of an ULP slot (slot shared by multiple UEs containing SRS signals for positioning use).

For the channel sounding purpose, the interference between SRS transmissions from different UEs is typically minimized. However for positioning, the interference does not necessarily need to be minimized because a low SINR is usually enough for ToA estimation. Using Zadoff Chu sequences with different root index (or different pseudo noise sequences) allows UEs to multiplex with one another along the code domain and allows the number of UEs sharing the same slot to be further increased.  

Observation 3:	For positioning use case, interference between SRSs transmitted from different UEs is less critical compared to other SRS use cases, in case the SRS transmissions are separated along the code domain. 
Proposal 2:	For the SRS enhancements, the following shall be supported:
· higher comb numbers in combination with staggering
· code multiplex for the SRS for positioning use (e.g. by assigning individual Zadoff-Chu sequence root index to each UE sharing the same RE).

[bookmark: _Ref534822995]Semi-persistent allocation of slots including SRS for positioning use 
If several UEs can be multiplexed into one semi-persistently reserved slot, it would be beneficial to group such users together and schedule them into a dedicated slot, which shall be termed ‘ULP-slot’ in the following. The ULP-slot carries uplink positioning reference signals, which may be the SRS or an extended version of it tailored to the positioning use case. This signal needs to be received by multiple LMUs which may be standalone or integrated into the gNBs. The semi-persistent allocation reduces the signaling overhead thereby simplifying coordination and enables low power consumption for IoT devices because it does not need to continually track DCIs for uplink grant for positioning signals. 
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Figure 4: Depiction of ULP-slot – several UEs share parts of a slot (e.g. the 6 last OFDM symbol). Optionally, a complete slot can be assigned to SRS transmission for positioning applications.
Proposal 3:	Support a semi-persistent allocation of the ULP-slot. 

Configurable position update rate / interference mitigation concept 
Based on the maximum position update rate required, a semi-persistent allocation of ULP-slot with a suitable periodicity and offset is selected. The update rate could also be dependent upon the type of the UE and the state (for example: rest or in motion) of the UE. The UEs could be assigned different periodicity of enhanced-SRS transmission. For example: 
· UEs at rest are configured to apply a very low update rate
· UEs at pedestrian speed and medium position accuracy are configured to apply a medium update rate
· Applications with high position accuracy may require high update rates and a support of carrier phase tracking. As described in [3] carrier phase can be derived from the correlation peak. The phase of the (complex valued) correlation peak represents the carrier phase offset.  
To fulfill this requirement in combination with a semi-persistent allocation of the ULP-slot each UE use only every ni-th ULP-slot. ni may be different for each UE. This means:
· For ni = 1 the maximum update rate is selected and the UE uses each ULP-slot
· For ni  > 1 the resulting update rate is (1/TUL_SRS)/ni where TUL_SRS is the transmit period of the ULP-slot. 
Depending on the selection of ni two scenarios are considered:
· Interference free allocation: A transmit pattern (‘activity pattern’ or ‘muting pattern’ as known in DL-TDOA applied to UL) is assigned to each UE. This approach is straightforward for a relatively low number of UEs and all UEs can be assigned the same value of ni and each UE is assigned its own offset value. Finding a suitable pattern to avoid collision becomes increasingly difficult with an increase in the number of UEs. 
· Code multiplex: This offers two advantages: 
· The number of UEs sharing the slot can be further increased
· Different periods can be selected for each UE and a regular update period is maintained. 
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Figure 4:  Activity pattern within ULP-slots: Each UE may use a different update rate
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Figure 5: Depiction of the overlap of activity pattern among different UEs

Observation 4: 	Using different ‘activity pattern’ for each UE randomizes the interference and avoids static interference patterns.
Proposal 4:	If several UEs share the same time/frequency, the selection of different ‘activity pattern’ (e.g. different transmit periods per UE) is an additional possibility along code multiplex to further increase the number of supported positioning UEs. 

Depending on the sequence length, the SRS can be used for positioning at very low SINR. Nevertheless, critical interference situation may result exceeding the capability of the code multiplex. Two countermeasures are proposed:
· Avoid static interference pattern: By selecting different ni for each UE in each slot, different UEs will interfere with the transmission from the given UE, thereby randomizing the SINR. As an example, when using n1 = 5 and n2 = 7, there is critical interference will arise only every 35th ULP-slot.
· Introduce group management: As described in chapter 2.1 the UEs sharing one ULP-slot are distinguished by assigning different resource elements and code multiplex. UEs using the same REs and distinguished in the code domain only are considered as ‘group’. Group management selects the group (and hence the related time frequency resource) according a strategy FFS. 
[image: ]
[bookmark: _Ref415730972]Figure 6: Near/Far problem in case of code multiplex
Figure 6 depicts a simple example for the ‘near/far problem’. For the positioning use case, several LMUs must receive the signal simultaneously. Hence, the selected transmit power may either be kept constant or selected according to the pathloss to the gNB with the highest distance. If UE1 and UE2 were separated by code multiplex only and the UE2 is close to gNB2, the signals will arrive with high level difference in signal power at gNB2. ‘Group management’ as illustrated in our earlier contribution [2] may overcome this issue: UEs with critical interference are assigned to different groups. Typically, the group management can be based on the information derived from pathloss measurements (e.g. reporting of the SSB signal strength) or coarse position information (e.g. information derived from timing advance measurement and gNB beam assignment). If only UEs with similar pathloss to all gNBs share the same REs, the near/far problem is significantly reduced. Further details can be found in [4]. The principle of the user group management is depicted in Figure 7.
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[bookmark: _Ref5027950]Figure 7: Principle of the user group management

Observation 5: 	A complementary user group management will reduce interference issues known as “near/far” problem in systems using code-multiplex. If group management is used the number of UEs sharing the same slot or the update rate per UE can be increased.
Proposal 5:	Study group management and coordinate the related procedures with higher layers. 

Conclusion
In this contribution, we analyzed possible enhancements to SRS for positioning usage in UL. We have the following observations 
Observation 1: 	Allowing up to 12 OFDM symbols of a slot to be assigned to SRS for positioning use case increases the number of UEs which can share the same slot.  
Observation 2:	Increasing the comb factor in combination with staggering allows power boosting while maintaining the sequence length increases the available SNR.
Observation 3:	For positioning use case, interference between SRSs transmitted from different UEs is less critical compared to other SRS use cases, in case the SRS transmissions are separated along the code domain. 
Observation 4: 	Using different ‘activity pattern’ for each UE randomizes the interference and avoids static interference patterns.
Observation 5: 	A complementary user group management will reduce interference issues known as “near/far” problem in systems using code-multiplex. If group management is used the number of UEs sharing the same slot or the update rate per UE can be increased.

Based on these observations, we propose the following:
Proposal 1:	SRS can be allocated in any of up to the [12] of the 14 OFDM symbols of an ULP slot (slot shared by multiple UEs containing SRS signals for positioning use).

Proposal 2:	For the SRS enhancements, the following shall be supported:
· higher comb numbers in combination with staggering
· code multiplex for the SRS for positioning use (e.g. by assigning individual Zadoff-Chu sequence root index to each UE sharing the same RE).
Proposal 3:	Support a semi-persistent allocation of the ULP-slot. 
[bookmark: _GoBack]Proposal 4:	If several UEs share the same time/frequency, the selection of different ‘activity pattern’ (e.g. different transmit periods per UE) is an additional possibility along code multiplex to further increase the number of supported positioning UEs. 
Proposal 5:	Study group management and coordinate the related procedures with higher layers. 
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Annex: Hearability consideration for UL
In [2], the idea of staggered SRS with the transmission comb number (KTC) equal to 12 has been presented together with link-level simulation (LLS) results. For the LLS, the 3GPP system level channel models are applied to a single link. The main focus was on the feasible sensitivity of the LMU. For this, two configurations were compared 
· SRS using one OFDM symbol with  KTC = 2
· Extended SRS (with KTC increased to 12) and staggering 
The following parameters are selected for the comparison 
· 50MHz bandwidth supporting a high time resolution for the ToA estimation 
· The peak power of the UE is identical for both configuration and set to 23dBm in line with the simulation assumptions used for NR positioning study. 
· In the table, the ‘power 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 required SNR is estimated by LLS (see Figure 7). From the raw data, only the valid measurements are taken into account further. False measurements are detected by 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 within a valid range, the standard deviation of the error is calculated.  
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(a)
	[image: ]
(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) 


[bookmark: _Ref415390724][bookmark: _Ref5090807]Figure 8: Comparison of SRS, KTC = 2 over 1 symbol with the staggered enhanced-SRS structure using KTC = 12over 12 symbols: 
(a) Detection probability (ToAs in expected range); (b) TOA error (standard deviation)
From Figure 8 the following values are derived: 
· SRS with KTC = 2 and  no staggering, only one symbol per slot is used
· For no multipath, the required SNR is approximately -24dB and the associated error is < 5ns.
· For channels with multipath (Selected channel parameters:  UMa, LOS), the error is already 15ns for SINR of -20dB. 
· For SRS with KTC = 12 (12 OFDM symbols carry the SRS in a staggered structure):
· Without multipath the required SNR is approximately -35dB
· For UMa LOS, the error is still below 15ns for -33dB. For the table below the -31dB (error <-5dB) is selected for comparison. 
The obtained results are converted to a minimum input power required to ensure hearability. Together with the EIRP, the maximum pathloss that can be allowed while ensuring that the signal from the UE is received with power above the receiver sensitivity level at the respective LMU is calculated.  

	
	SRS
	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
	Reference
	10.8dB (compared to SRS)

	Required wideband SNR
(comparable performance, see 
Figure 8) 
	-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



The results clearly show advantage of using the staggered structure over the baseline SRS in use in UTDOA in LTE system. 

Note: Allowing a staggered SRS with transmission comb number of up to 12 increases the sensitivity by up to 11dB. The gain results from ‘power-boosting’ (7.8dB) and an increased sequences length (3dB higher processing gain). Of course, this also means doubling the resource use compared to the baseline SRS.
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