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Introduction
In RAN#83, NR positioning WID was approved [1] to specify solutions to enable RAT dependent(for both FR1 and FR2) and RAT independent NR positioning techniques, one objective on UL positioning methods is as follows:
“Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA”
After two times of online discussion, some agreements were achieved:
Agreement#1:
SRS transmissions for positioning are realized with 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
· FFS: construction of the pattern inside the SRS resource structure

Agreement#2:
For positioning, the number of consecutive OFDM symbols in an SRS resource is configurable with one of the values in the set {1, 2, 4, 8, 12}
· FFS: Other values including 3,6,14
· Note: Values of 1, 2 and 4 within an SRS resource can already be configured in Rel-15

Agreement#3:
For positioning, starting positions in the time domain for the SRS resource can be anywhere in the slot, i.e. an offset loffset  range of {0,1,…,13}.

Agreement#4:
For positioning, with regard to UL Beam management/alignment towards serving and neighbouring cells, at least the following (option 2 from prior agreement) can be used:
· UE Tx beam-sweeping on UL SRS transmissions across multiple UL SRS Resources
· FFS: other options

Agreement#5:
For positioning, the SRS comb size set is extended from {2,4} to {2,4,8}
· FFS: Additional comb sizes: 1, 6, 12
· Note: For the comb sizes of 6 and 12, the number of PRBs may be restricted if currently defined sequences are to be used
· FFS: Maximum number of cyclic shifts for the different comb sizes (cyclic shifts for comb sizes of 2 and 4 already exist in Rel-15)
Yet some remaining issues are still need to be further discussed, in this paper we provide our opinion towards UL SRS for positioning.
Discussion
Usage
Whether to support a new usage of SRS is not agreed yet. In Rel-15, the higher layer parameter usage is configured per SRS resource set, the candidate values include beamManagement, codebook, nonCodebook, antennaSwitching. 
According to our understanding, a new usage of SRS with some modification is enough for positioning and nearly costs nothing. The main concern with such new usage of SRS is that sometimes the SRS may not be used purely for positioning. In our view, this problem can be solved by configuring two usages for one SRS set. So we propose to agree one new candidate value of higher layer parameter usage per SRS resource set, i.e. positioning. Otherwise, one of the current usages, e.g. beamManagement  should be used for positioning if SRS for positioning is configured by RRC signaling. That’s because the higher layer parameter of usage is mandatory configured. Then some of SRS resource sets configured with beamManagement are actually for positioning rather than for beam management, but UE doesn’t know this information. However,  this will cause incorrect UE behavior as the following rule for SRS for beam management should be satisfied based on current 38.214. Likewise, other usages, like codebook, nonCodebook, antennaSwitching, are also hard to be reused for positioning because the number of ports, SRS precoder, power control, etc. may not be the same between positioning and others.
----------------------------------------38.214---------------------------------------
When the higher layer parameter usage is set to 'beamManagement', only one SRS resource in each of multiple SRS sets may be transmitted at a given time instant, but the SRS resources in different SRS resource sets with the same time domain behaviour in the same BWP may be transmitted simultaneously.
----------------------------------------------------------------------------------------
Proposal 1: Introduce a new usage, i.e. ‘positioning’ per SRS resource set.
Configuration
Different with DL, UL SRS transmission needs to consider more about UE transmission power, UE capability for bandwidth, numerology. Specifically, the maximum transmission bandwidth is aligned with the BWP which is configured UE for data transmission. So SRS cannot be transmitted outside the active UL BWP.
Proposal 2: SRS is configured within the active UL BWP.
Inter-cell interference 
Another important open issue is the TA for neighbouring cells. A main change of NR compared to LTE is the support of multiple numerologies [4], which will bring very short CP in high frequency, which is illustrated in Table 1:
	Parameter / Numerlogy (u)
	0
	1
	2
	3
	4

	Subcarrier Spacing (Khz)
	15
	30
	60
	120
	240

	OFDM Symbol Duration (us)
	66.67
	33.33
	16.67
	8.33
	4.17

	Cyclic Prefix Duration (us)
	4.69
	2.34
	1.17
	0.57
	0.29

	OFDM Symbol including CP (us)
	71.35
	35.68
	17.84
	8.92
	4.46


  





Table 1 Numerologies and corresponding CP length

One function of CP in UL positioning is to guarantee that the UL reference signals do not interfere with other signals and data of all the involved cells. When the propagation delay is within the CP length, inter-cell delay interference could be avoided. There is a straightforward relationship between CP length and the permitted maximum distance difference: , where c is the speed of light and t is the length of CP. For example, 0.57us would mean a difference of around 171m, which is shorter than the inter-cell distance of typical UMi scenario, let alone the UMa scenario. For UL-TDOA positioning, it is very likely for neighbour transmission measurement point two cells away to detect the UL reference signal from the target UE, so the distance between them is very common to be out of the CP-permitted length. Then we can conclude that NR system is more sensitive to inter-cell interference especially in FR2. 
Besides shorter CP, lack of Timing Advance(TA) estimation across cells is also one factor that could deteriorate the inter-cell symbol orthogonality. 
Timing advance is a negative offset at the UE, between the start of a received downlink subframe and a transmitted uplink subframe. This offset at the UE is necessary to ensure that the downlink and uplink subframes are synchronised at the eNodeB. A UE far from the eNodeB encounter a larger propagation delay so its uplink transmission is somewhat in advance as compared to a UE closer to the eNodeB. As shown in the Figure 1 [2]:
[image: ]
Figure 1 Illustration of TA
But the current TA estimation is only for the serving cell, and this would lead to the situation that when the SRS reaches the neighbour transmission measurement point, it would not align with other symbols of that cell and the offset is very likely to be beyond the ability of the poor short CP, also the bandwidth of the UL SRS for UL positioning would not be very limited if a high level accuracy is required, so as a result, severe interference to other signals and data may happen, as shown in Figure 2.
[image: ]
Figure 2 Inter-cell interference to other UE
Observation 1: Inter-cell interference is a severe problem in UL TDOA positioning.
Multi-TA estimation toward neighbouring cell
The direct solution for inter-cell TA offset is to introduce TA estimation for all involved neighbour-cells in UL-TDOA positioning. There are two options to achieve this purpose, one is to estimate TA for neighbour cells based on RSTD measurements from non-DL PRS signals, to preclude DL PRS is because UL positioning is no longer necessary if DL PRS for enough RSTD measurements is available. Actually this modification has already been discussed in LTE and rejected by RAN4 because of the poor accuracy. Another option, which also seems to be the only way here is to make use of PRACH of multiple cells. Multiple preambles need to be triggered before a UL TODA positioning procedure for corresponding TA estimation. And we have to notice that multiple TAs can also provide a general position of the target UE which can only beneficial to the calculation of a more accurate result and requires limited extra calculation burden. 
Proposal 3:Use PRACH to get multiple TAs estimation of neighbour cells.
 Power control towards neighbouring cells
On the transmission power of UL SRS for positioning, a basic agreement has been agreed:
Agreement:
For positioning purposes, with regards to the UL SRS transmission power, support at least the following in addition to the existing Rel-15 behaviour:
· Support configuring a DL reference signal of a neighbouring cell to be used as DL path loss reference for the purpose of SRS power control.  
· FFS: Which reference signals can be used (e.g. a CSI-RS, or a SSB, or DL PRS). 
· Study further the UE configuration signalling and procedure.
· FFS on a fallback procedure if the UE is not able to obtain the pathloss reference.
· FFS on number of measurements for pathloss.
To detect the DL reference signal of a neighbouring cell as DL path loss reference, some configuration information must be known in advance by the target UE. The information can include the type of RS to indicate whether it is DL PRS, a kind of CSI-RS or SSB, its sequence ID, sequence generation information, resource allocation and transmission power. This configuration can be configured from the LCS server as kind of assistance data, which is the easiest way with least specification modification, or it can also be configured by the serving cells with enhancement of inter-cell information exchange. 
Proposal 4:Neighbouring cells’ DL path loss RS for positioning should be configured to UE either by LMF or serving gNB.
The general idea is that the UE may use beam sweeping mode to transmit UL SRS for positioning, and different beam to different direction of course can target to different cells. The transmission power of each beam is related to its targeting cell, naturally different beam can use different transmission power since their target cell can be at different distance. Transmission power is decided according to the cell’s path loss RS receiving power, then the mapping between PL RS and SRS beam should be constructed. Since it is already agreed that staggered pattern should be realized within one resource and most likely that a SRS beam for positioning is corresponding to one SRS resource. 
Proposal 5:The transmission power should be configured per SRS resource for positioning.
Proposal 6: Path loss RS should be configured per SRS resource for positioning.
Another problem is how to choose the neighbouring cells’ path loss RS for a positioning session, to send all the PL RS of  all the neighbouring cells should clearly not be a choice. RRM measurements always exist for a active UE, and it can be used as kind of reference for neighbouring PL RS. This work can be done either by serving gNB or LMF. 
Proposal 7:Neighbouring cells’ PL RS for positioning should be selected by serving gNB or LMF.
The whole procedure is as figure 3, first, the SRS for positioning with some recommended PL RS are configured. But at the beginning, the gNB do not know which SRS resource is aiming at which cell. A couple of recommended PL RSs from all the possible neighbouring cells should be configured. But not all of them can be actually detected, for those who can be detected, the UE has a general idea of its direction and its origin gNB. The UE need to do the mapping between SRS resource and its target cell. For the first round of beam sweeping, the UE can adjust each beam’s power or direction according to the information of PL RS transmitting power from that direction. Then, UE can report this kind of mapping between the SRS resources and PL RS(neighbour cells). Then the neighbouring cells can detect the SRS and reconfigure the transmission power, this kind of information need to be transmitted to the serving cell. Then, with the mapping, it can configure different transmission power and certain PL RS as spatial relation information to different SRS resource, noting that now PL RS con be configured per SRS resource. When all these information are configured back to UE, the UE can modify each resource’s transmission power or transmission direction according to spatial relation. 
[image: ]
Proposal 8:Only reported PL RS can be configured as spatial relation information.
Conclusion
Based on our study, the following proposals are proposed:
Proposal 1: Introduce a new usage, i.e. ‘positioning’ per SRS resource set.
Proposal 2: SRS is configured within the active UL BWP.
Proposal 3:Use PRACH to get multiple TAs estimation of neighbour cells.
Proposal 4:Neighbouring cells’ DL path loss RS for positioning should be configured to UE either by LMF or serving gNB.
Proposal 5:The transmission power should be configured per SRS resource for positioning.
Proposal 6: Path loss RS should be configured per SRS resource for positioning.
Proposal 7:Neighbouring cells’ PL RS for positioning should be selected by serving gNB or LMF.
Proposal 8:Only reported PL RS can be configured as spatial relation information.
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