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After several discussions, the past meetings saw some progress on physical layer procedure for positioning, more explicit agreements were achieved on many aspects. However, on some aspects more details and down-selection are still needed, this paper provide our opinions on the open issues.
Discussion
Indication of detecting time
Two options were left from last meeting to determine a indication of when the DL PRSs are expected to arrive in time at the UE:
· Option 1:  Provide an expected RSTD value together with uncertainty (search window) to the UE for the TRPs in the assistance data (analogous to LTE).
· Option 2: Provide a TRP transmission time difference (e.g., time offset between SFN#0, subframe offset, slot-, symbol-, sub-symbol-,  ns-offset, etc.) and expected propagation delay difference together with uncertainty (search window) to the UE for the TRPs in the assistance data. 
· A search window may be needed for both, TRP transmission time difference and propagation time difference.
· Sub-SFN granularity (e.g, subframe offset, slot-, symbol-, sub-symbol-, ns-offset) may be obtained from the DL-PRS configuration information once time offset between SFN#0 is provided to the UE.
In LTE, to support RSTD measurement, slot number offset, expected RSTD with uncertainty are all needed. The slot number offset is to make sure the UE can know the locations of PRS of all the neighbouring cells, the expected RSTD and its uncertainty is to limit the search window to a reasonable size, but as to the propagation delay, it looks a further estimation of RSTD, which we don’t know how. According to our understanding, this is for half-staggered PRS pattern, but there is no proof given to show this accuracy-level estimation are always possible.
Proposal 1:Support option1, rovide an expected RSTD value together with uncertainty (search window) to the UE for the TRPs in the assistance data (analogous to LTE).

UL SRS power control
[bookmark: OLE_LINK1]An issue left for inter-cell power control is as follows [1]:
Agreement:
For the purpose of power control of the SRS for positioning purposes, support configuring a DL reference signal of a neighbouring cell to be used as DL path loss reference. One of the following can be configured as the DL reference signal.
· SSB
· DL-PRS at least for multi-cell RTT
· FFS: CSI-RS
As to the FFS, we think the basic principle is that any kind of signals that is possibly to be detected by the target UE, because it is not an easy-reach condition. Usually UTDOA method require 4-5 rstds to be detected, which means 4-5 cells are possibly to be involved and PL RSs from 4-5 cells are needed. For those remote cells, maybe only PRS is suitable to be used as PL RS, but PRS may not always exist.  CSI-RS and SSB are already used for UE RRM, which is good reference for the selection of the PL RSs that are more likely to be detected. The only opponent argument is that they want these PL RS to be configured by LMF and the LMF may not understand what’s CSI-RS is, to us , this is just word game. Because any reason against CSI-RS also applies to SSB, the LMF can neither understand what SSB is until these information are reported. But where to configure it and what need to be reported is another question, what we need to consider here is whether the certain RS is feasible and beneficial, then, where to configure it and if it need to be reported first can be further analyzed.
Proposal 2: CSI-RScan be used as path RS for inter-cell power control. 
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 3: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 4:The transmission power should be configured per SRS resource for positioning.
Proposal 5: 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 6:Neighbouring cells’ PL RS for positioning should be selected by serving gNB or LMF.
The whole procedure is as figure 1, first, the SRS for positioning with some recommended PL RS are configured. But at the beginning, the gNB does 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 resources. 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. 
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Figure 1 Multi-cell power control for SRS
Proposal 7:Only reported PL RS can be configured as spatial relation information.
Multi-TA estimation
One problem that is equally important as power control for UL positioning in NR is the TA estimation SRS resources aiming at different cell. Which is also explained in our companion paper [2].
Another important open issue is the TA for neighbouring cells. A main change of NR compared to LTE is the support of multiple numerologies [3], 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 2 [4]:
[image: ]
Figure 2 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 3.
[image: ]
Figure 3 Inter-cell interference to other UE
Observation 1: Inter-cell interference is a severe problem in NR UL TDOA positioning.
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 8:Use PRACH to get multiple TAs estimation of neighbour cells.
PRS detection
An agreement about PRS detection was also achieved as follows:
Agreement:
DL PRS configuration including DL PRS transmission schedule is to be indicated to the UE for DL PRS positioning measurements
· The UE is not expected to perform any blind detection of DL PRS configurations
In line with our companion paper [5], which provides full analysis of DL PRS design, we think the starting symbol of PRS resources candidates should be predefined within a time unit of 5ms, and just like SSB detection, this predefined position for PRS resources should be known by the UE, so just with the schedule bit string and an index of the starting point, the UE could know where to detect the PRS.
Proposal 9: Predefined starting symbols of PRS resources candidates should be known by UE.

Conclusion
Based on our study, the following observation and proposals are proposed:
Observation 1: Inter-cell interference is a severe problem in NR UL TDOA positioning.
Proposal 1: Support option1, rovide an expected RSTD value together with uncertainty (search window) to the UE for the TRPs in the assistance data (analogous to LTE).
Proposal 2: CSI-RS can be used as path RS for inter-cell power control. 
Proposal 3:Neighbouring cells’ DL path loss RS for positioning should be configured to UE either by LMF or serving gNB.
Proposal 4:The transmission power should be configured per SRS resource for positioning.
Proposal 5: Path loss RS should be configured per SRS resource for positioning.
Proposal 6:Neighbouring cells’ PL RS for positioning should be selected by serving gNB or LMF.
Proposal 7:Only reported PL RS can be configured as spatial relation information.
Proposal 8: Support option 3: The configured TA can be adjusted for the purpose of transmitting UL SRS intended to a neighboring cell. The adjustment value is provided by the network to the UE.
Proposal 9: Predefined starting symbols of PRS resources candidates should be known by UE.
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