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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, including the following objectives.
“Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT
Identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques
Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA”
In this contribution we provide our analysis on some modification and enhancements related to UL positioning as well as some necessary parameters for NR DL PRS.
Discussion on UL PRS
UL positioning procedure in legacy LTE systems
The UL-TDOA positioning was already supported in LTE [2], which is a good starting point and reference for NR UL positioning design. A natural way would be to still follow the general LTE procedure in principle, and then, to match with possible architecture change and solve new problems in NR, modifications and enhancements would be introduced. The general LTE UTDOA procedure is illustrated in Figure 1:
[image: ]
Figure 1: LTE UTDOA procedure

1. The E-SMLC sends an Information Request message indicating to the eNodeB the need to invoke periodic SRS  for target UE. The E-SMLC may provide the eNB with a number of SRS transmissions. 
2. The eNodeB determines the resources to be allocated for the UE and sends an Information Response to the E-SMLC that includes the allocated resources and the associated parameters. 
3. If in step 2 the eNodeB determines that resources will be allocated, the eNodeB then allocates the resources to the target UE.
4. The E-SMLC selects a set of LMUs to be used for the UTDOA positioning and sends a measurement request with the SRS configuration to each one of them (via SLm).
5. LMUs report back to E-SMLC the uplink measurement reports.

In conclusion it is the location server to trigger the request to eNB and eNB decide the SRS resource allocation, then the location server will select LMUs to be used. 
Possible architecture change and new problems in NR
The architecture modification would be discussed in RAN3, but one possible change would have impact on RAN1 side, that is the combination of PRS-only TP and LMU, which is called transmission measurement function in the TR [3]. According to our understanding, there is no benefit for the uplink measurement function to be located at different place with DL transmission point. In addition, the combination is a precondition to take use of UL PRS power control for positioning purpose.  

A main change of NR compared to LTE is the support of multiple numerologies [4], e.g., larger sub-carrier spacing, shorter CP(Cyclic prefix) length, 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: NR methodologies and corresponding CP length

One function of CP in UL positioning is to guarantee that the UL reference signals do not interfere other signals and data of all the involved cells. When the propagation delay is within the CP length, inter-cell delay could be avoided. And the relationship between CP length and maximum distance difference is straightforward. 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 a must for neighbour transmission measurement point 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, Timing Advance(TA) estimation is also one factor that could deteriorate the inter-cell symbol orthogonality. The TA estimation is basically 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 certainly would interfere other signals and data.
But in the past SI, all the above interference source were not taken into account in the simulations, so it should be fully considered in the WI. Obviously above legacy procedure can not solve this problem, so modification is necessary.

Observation 1: Inter-cell interference is severe problem in NR UL-TDOA positioning which was not reflected in the simulations of the SI, and related procedure modification is needed.
Solutions 
The direct solution for inter-cell TA offset is to introduce TA estimation for all involved neighbour-cells in UL-TDOA positioning. TA estimation for target UE requires it to transmit preamble in the corresponding PRACH of a certain cell, and the information of PRACH is contained in its SIB. However, the guiding principle of wireless cellular network is to avoid the inter-cell interference, so it is not always possible for UE to decode the SIB from other cells. To simply modify the SIBs and add PRACH configuration message to Xn interface can of course realize multi-cell TA estimation function, but one UE under positioning duration may bring at least 3 more resource overhead in PRACH,  considering the limited resource for PRACH, the impact on other UEs’ random access procedure should also be evaluated.
Observation 2:Reasonable multi-TA estimation procedure may be beneficial for UL-TDOA positioning.
Power control is an important method to decrease interference, increase channel capacity and save power. Since UL-TDOA based positioning require several neighbour cells to detect the signal from target UE, if the UL PRS transmission power would all be decided according to the serving cell’s path loss measurement, it would lead to low SNR in neighbour cell and affect the measurement accuracy of TDOA. On the other hand, if all the UEs would use full power to transmit UL PRS, interference to near cell and unnecessary power consumption can not be avoided. So power control mechanism seems to be suitable for UL positioning. A key feature of NR UL power control is the support to FR2, especially usage of beam management to enhance coverage. But, there is no configuration supporting neighbour cell SRS path loss measurement currently, to solve this problem also require extra procedures and impact to other usages is inevitable.
Observation 3:UL power control may be needed for UL-TDOA positioning.
All the above solutions do not only have impact on positioning, but also on other signals and data’s transmission, which could not be reflected in the simulations so they were not evaluated before. That is to say, no proof was provided on the enhancements’ feasibility, hence this is the point that should be studied first.
Proposal 1:The feasibility of Multi-cell TA estimation and UL PRS power control should be studied and corresponding procedure modification should be identified.
Discussion on DL PRS
During the SI for NR positioning, some agreements were already made [3]:
 “NR DL PRS design for FR1 and FR2 should support:
-Use of DL beam sweeping / alignment
-Dedicated NR DL PRS resources - time-frequency grid at resource block level 
-A PRS resource should have a PRS resource ID and a PRS sequence should have a PRS sequence ID ”




From the agreements, a general framework of the PRS could be formed as illustrated in figure 2. To identify the final PRS, a list of parameters should be decided. indicate the supported PRS transmission periodicity. PRS beam sweeping periodicity   may consist of several predefined slots, which is similar to the term “positioning occasion” in LTE. This can also be interpreted as the scheduling time unit or PRS resource set inside which the PRS resources are arranged. PRS block or PRS source consist of  symbols holding PRS sequences and are supposed to be transmitted in same beam in beam sweeping pattern. There is a parameter that could not be reflected in the figure, that is the tarting symbol of the PRS blocks, this parameter should be set not only for the purpose of fulfilling the positioning performance, but also minimizing overlap with control signaling and SSBs. 
Proposal 2:Define the necessary parameters to form PRS resources.

 : PRS transmission periodicity.

 :PRS beam sweeping periodicity(PRS resource set duration)

:Number of symbols in one PRS resource

:Starting symbols of PRS resources.
[image: ]
Figure 2 PRS resource framework
Another key point is to decide the PRS sequence ID and PRS resource ID. PRS sequence ID is introduced to avoid PCI ambiguity problem, which was already discussed in RAN1# 85 and restated in our past contribution [5]. In LTE, the PRS-ID ranges from 0 to 4095. In NR, considering the denser network implementation, this value should at least be doubled. Actually it may just need to be doubled since the Gold sequence only has 31 digits, to make it too lager may not really help to the initial seeds’ diversity. 
Proposal 3:Double LTE PRS-ID to be used as PRS sequence ID in NR.






For PRS resource ID, since it is not always possible for UE to decode data from neighbour cells, the design of explicit ID to use some bit sequence may not work well. To contain it implicitly in the PRS sequence would be a reasonable way. But it does not need to occur in every symbol of one PRS resource, if so, it would just add the time consumption of PRS searching. Just take figure 2 as an example, if every symbol in every PRS block contains their resource ID and sequence ID, then in total there would be 32 different PRS sequences within a positioning duration, the result is that the UE has to generate 32 sequence and traverse all of them during searching. The situation would be even worse in FR2 where you may have more than 64 PRS resources and 256 sequences. The best way should be that the first  symbols of every PRS resource stay the same, which means the symbol 0- in PRS resource  is one-to-one corresponding same with symbol 0- in PRS resource . So that the UE only need to generate  sequence for searching, which would save a lot of time and power. The resource ID could be contained in the last symbol of one PRS resource so that after the UE already searched the first few symbols it can determine which resource or beam it is detecting by using the last symbol.
[bookmark: _GoBack]Proposal 4:Only use the last symbol within one PRS resource to implicitly contain PRS resource ID.
Conclusion
Based on the discussion above, we have the following observations:
Observation 1: Inter-cell interference is severe problem in NR UL-TDOA positioning which was not reflected in the simulations of the SI, and related procedure modification is needed.
Observation 2:Reasonable multi-TA estimation procedure may be beneficial for UL-TDOA positioning.
Observation 3:UL power control may be needed for UL-TDOA positioning.
And derived the following proposal from the observations and discussions:  
Proposal 1: The feasibility of Multi-cell TA estimation and UL PRS power control should be studied and corresponding procedure should be identified.
Proposal 2:Define the necessary parameters to form PRS resources.

 : PRS transmission periodicity.

 :PRS beam sweeping periodicity(PRS resource set duration)

:Number of symbols in one PRS resource.

:Starting symbols of PRS resources.
Proposal 3:Double LTE PRS-ID to be used as PRS sequence ID in NR.
Proposal 4:Only use the last symbol within one PRS resource to implicitly contain PRS resource ID.
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