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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. After several meetings of discussion, some initial agreements about DL PRS has been made [2] and captured in a LS to RAN2 about their progress on measurements for NR positioning [3]. RAN2 discussed how to define positioning methods and how to capture signals during last meeting and achieved some basic principles:
“We do not extend the LTE IEs for OTDOA or E-CID to include NR measurements/AD.
The high-level LPP procedures (Request/Provide Assistance Data, Location Information, Capabilities) are extended (as already agreed).
There will be one or more new methods for NR RAT-dependent positioning.
For stage 2, we do not group the NR RAT-dependent techniques with the existing methods.
For stage 2, capture the RAT-dependent measurements and RS types.
For stage 2, capture the six RAT-dependent techniques described in the RAN1 LS (R2-1912011).”
In this paper we mainly provide our understanding on the stage2 and stage 3 problems for NR positioning methods .
Discussion 
Measurement-specific vs methods-specific
One view is to group some methods together and define positioning methods and signals based on measurements, which could possibly beneficial for hybrid positioning. 
Our attitude to hybrid  hybrid positioning because it would explore the full potential of current UE and network ability to provide the best results. However, how to combine several methods or measurements was not fully studied during the SI, only the terms list in table 1,2 were evaluated: DL-TDOA, DL-AoD, Multi-RTT, UL-AOA, UL-TDOA.
	DL/UL Reference Signals
	UE Measurements
	To facilitate support of the following positioning techniques

	Rel.16 DL PRS
	DL RSTD
	DL-TDOA

	Rel.16 DL PRS
	DL PRS RSRP
	DL-TDOA, DL-AoD, Multi-RTT

	Rel.16 DL PRS / Rel.16 SRS for positioning 
	UE Rx-Tx time difference
	Multi-RTT

	Rel. 15 SSB / CSI-RS for RRM
	SS-RSRP(RSRP for RRM), SS-RSRQ(for RRM), CSI-RSRP (for RRM), CSI-RSRQ (for RRM), SS-RSRPB (for RRM)
	E-CID


[bookmark: OLE_LINK2]Table 1: RAN1 agreement on DL measurements
	DL/UL Reference Signals
	gNB Measurements
	To facilitate support of the following positioning techniques

	Rel.16 SRS for positioning
	UL RTOA
	UL-TDOA

	Rel.16 SRS for positioning
	UL SRS-RSRP
	UL-TDOA, UL-AoA, Multi-RTT


Table 2: RAN1 agreement on UL measurements

But the above are just RAT-dependent measurements, if we do not want to differentiate methods but only focus on measurements, there are other measurements which can be combined to achieve better accuracy. Basically, every measurements contains information related to the UE’s location, no matter downlink or uplink, time information or angle information, WLAN and blue tooth, the best way should be taking use of them all. Luckily with the development of machine learning technique, especially deep learning, it becomes possible to extract as much information as possible from all the measurements. A paper [4] describes one methods in which the measurements from Wifi access points and base stations are used together as the input of a deep neural network, and the results of GPS system plays as the labels, gradually the location server can get the relationship between the inputs and the UE’s location. This is just one simple example of numerous explorations to a AI based solution for positioning, most of which require combination of measurements that we used separately in the past. 
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Figure 1 An example of machine learning usage for positioning
Observation 1:Combination of measurements is a valuable direction but require further study in the future.
Again, combination of measurements for hybrid measurements was not fully evaluated during the SI, what we did evaluated are all listed in the above table, that’s the positioning methods that we know how to use the measurements clearly. So that should be at least a basis for methods definition and signal grouping.
AOD based on PRS
Dl-AOD or beam index based on PRS is obvious also beneficial for DL-TDOA positioning, our past paper [7] has explained how this could be used to determine LOS/NLOS paths. Of course PRS AOD information can also generate a positioning result independently without combination with TDOA. But the general procedure is still same as OTDOA positioning and most assistance data is same, so no extra term or procedure need to be defined for AOD positioning based on PRS. So we could define a uniform stage 2 methods and stage 3 signals group as DL-PRS positioning. DL positioning is too general for there two methods anyhow.
Proposal 1: Define DL-PRS positioning for both stage 2 and stage 3 to contain DL-TDOA and DL-AOA . 
No matter how where the AOD information is used, the mapping of AOD and the geographic node where the position calculation happened. For UE-based mode, this mapping need to be known by UE and for UE-assisted need to be reported to the LMF. 
Proposal 2: AOD’s geographic direction should be defined as OTDOA assistance data of reference cell and neighbouring cells. 
UE-specific or cell-specific
A main issue for RAN2 to decide is whether these new fields should be UE-specific or cell-specific, there was a good contribution in the past RAN1 meetings [6] explaining that the PRS configuration from gNB side is always cell-specific but the LMF may inform different UE with different information. This is mainly to support different level of location service, if one UE only requires very coarse accuracy or it is a free LCS user who does not pay money for this service, the LMF can inform it only a subset of current PRS configuration so its positioning performance is worse than others taking use the full PRS information. It looks beautiful but is actually useless. Once a UE get the full PRS configuration once, it can stop paying and continue using the full configure, even if it does not know the exact information, it can infer the full PRS configuration according to our specification. A simple way to support UE-differentiating PRS configuration is to introduce a time-varying encryption ID to the PRS sequence generation, only paid subscribers can get the updated encryption ID.
Proposal 3: Consider time-varying encryption ID for PRS generation, or only support Cell-specific configuration.

Connecting beam
To perform DL-TDOA positioning, UE need to measure RSTD between at least 3 different transmission points, so the location server need choose some candidates and then send their information to target UE. Not all the candidates can be actually detected by UE, those who could not be detected will add the PRS searching latency and complexity. Actually in NR there are some information that could be used to make the recommendation more wise. The UE would detect SSB/CSI-RS from the serving cell and feed back, then serving cell can know a rough direction of the UE and transmit the information needed by the target UE to that direction by a narrow beam, let’s just name it the connecting beam in this paper. It would be very beneficial for location server to know this information before recommending candidate transmission points to UE for positioning. For example, in Figure 2 if the location server only know that the UE is inside the area of a1 without considering the connecting beam, the b1,b2,b3 are equal by the standard of distance to a1 and they all may have some overlap in terms of coverage overlap with a1, which means the location server can not know which cell has bigger chance to be detected by the UE so it would recommend them all. But as we can see in this picture, the b2,b1 are impossible to be detected if the UE is just within the area of beam 3 from a1. Assuming the location server could know that the target UE is inside the beam 3 of a1, this situation can be avoided. Besides gNB, UE may also know some index of the beam from SSB or CSI-RS. So the connecting beam information should be transmitted to location server either from gNB or UE. But to map indexes with direction, the mapping information of SSBs and direction should also need to be sent to location server. 
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Figure 2 OTDOA positioning under beam sweeping 
Proposal 4:The connecting beam information should be transmitted from the gNB to location server.
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Figure 3 Connecting beam reporting procedure from gNB
Proposal 5:The connecting beam information should be transmitted from UE to location server.
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Figure 4 Connecting beam reporting procedure from UE
In addition to connecting beam, UE could also know that some neighbour cell have bigger change to be detected from RRM measurements. If UE could recommend these neighbour cells, the location server would have very authoritative reference.
[bookmark: OLE_LINK1]Proposal 6:The UE should send message to location server to recommend cells for RSTD measurement.
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Figure 5 UE recommend cells for RSTD measurement
UL-AOA and UTDOA
Just like DL-TDOA, the UL-TDOA can also be used together with UL-AOA information to get a better result, only using AOA information can also work if the location server insist ignoring the UL RSTD measurement, but they still follow same procedure. Besides, both UL-AOA and UL-TDOA methods will reuse same procedure for UL power control towards neighbouring cells, so no extra definition of UL-AOA procedure is needed and it’s better to arrange this measurements together with UTDOA measurements. 
Proposal 7: Define UL-PRS based positioning for both stage 2 and stage 3 to contain UL-TDOA and UL-AOA methods.
SRS configuration in RRC or LPP
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 6:
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Figure 6: 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.
During last meeting, there were some companies who wanted to move the SRS configuration function from RRC to LPP for positioning. The RRC is involved in UL positioning procedure in step 3, the eNodeB configure the SRS information through RRC. If it was in LPP, the procedure is generally as illustrated in Figure 7:
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Figure 7 UL TODA procedure with SRS configured in LPP
According to our understanding, this modification bring no benefit. Under this procedure, it is obvious that the SRS configuration is transmitted twice, both signal overhead and latency are added. Meanwhile, the gNB has the right of final decision on SRS resource  allocation, it may change when other service with higher priority increases, through RRC, this adjustment can be transmitted more instantly. At last, sometimes the SRS may be reused for other purpose besides positioning. If it is added in LPP, then such SRS configuration would be transmitted twice. The advantage to capture it in LPP may be that when the UL SRS configurations were stable within a certain area, by LPP the UE can get SRS configuration of many cells, and do not need to be configured again when it moves across different cell, but considering a high-accuracy requirement would always need much resource allocation, whether ideal UL SRS resource allocation is possible need to be studied further.  
Proposal 8: Keep SRS configuration for positioning in RRC, study whether LPP can also capture the configuration. 

Conclusion
Based on the analysis above, we provide the following proposals:

Proposal 1:Define DL-PRS positioning for both stage 2 and stage 3 to contain DL-TDOA and DL-AOA . 
Proposal 2:AOD’s geographic direction should be defined as OTDOA assistance data of reference cell and neighbouring cells. . 
Proposal 3:Consider time-varying encryption ID for PRS generation, or only support Cell-specific configuration.
Proposal 4:The connecting beam information should be transmitted from the gNB to location server.
Proposal 5:The connecting beam information should be transmitted from UE to location server.
Proposal 6:The UE should send message to location server to recommend cells for RSTD measurement.
Proposal 7: Define UL-PRS based positioning for both stage 2 and stage 3 to contain UL-TDOA and UL-AOA methods.
Proposal 8: Keep SRS configuration for positioning in RRC, study whether LPP can also capture the configuration.
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Figure 5 Connecting beam reporting procedure from gNB

Proposal 4:The connecting beam information should be transmitted from UE to location server.
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