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1. 	Introduction
The following open issues on the UE-based downlink positioning assistance data were identified in [1]:
1. Whether beamwidth information can be provided in the assistance data in Rel-16 or should be deferred to e.g. Rel-17.
2. Whether to support LCS-to-GCS translation parameter for the spatial direction information.
3. Whether to include RTD drift rate in the assistance data.
4. Whether to include RTD information per DL-PRS Resource.
In this contribution, we provide Qualcomm’s view on these items.

2. 	Beamwidth information for DL-PRS resources
The UE may make DL-PRS RSRP measurements of DL-PRS resources from the same TRP, as illustrated in Figure 1 below. The TRPs may transmit beamformed DL-PRS in a beam sweeping manner that may be measured by the UE. The UE may identify the beam with the e.g. strongest RSRP and use the corresponding direction (azimuth, elevation) as AoD estimate.  However, each beam has a certain width which essentially determines the AoD uncertainty. A simple first order approximation of the beamshape could be provided using the DL-PRS beamwidth. More advanced techniques may make use of more accurate parametrized beamshape information. If the UE measures two adjacent beams, the beamwidth information can be used to determine a better fit of the AoD between the two PRS beams. In other words, the beamwidth information can serve as an uncertainty of the derived beam AoD, which may also be used as an additional weighting factor in the position calculation (see also TR 38.855 [2] and references therein. For example, companies assumed that gNB beam pattern is known in advance, so that a look-up-table table saving the AoD and power of each beam can be constructed. The beamwidth would be a simple 1st–order approximation of the beam pattern).

Figure 2 illustrates that different beam AoDs can produce similar RSRP pattern at the UE in case of different beamwidths. Thus, the mapping of the RSRP measurements to AoD depends on the beamwidth.


Proposal 1: Include the DL-PRS Resource beamwidth as optional parameter in the NR-DL-PRS-Beam-Info. 


[image: ]
Figure 1: Illustration of DL-PRS beam spatial directions observed by a UE.
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Figure 2: Illustration of DL-PRS RSRP differences for wide and narrow beams.

3. 	LCS-to-GCS translation parameter for the spatial direction information
[bookmark: _GoBack]As agreed by RAN1, the DL-PRS boresight direction can be provided in either a Global Coordinate System (GCS) or Local Coordinate System (LCS):
Agreement [3]:
A DL PRS resource can be associated with one or more of the following in either GCS or LCS
· azimuth angle
· elevation angle

Therefore, if the DL-PRS Resource AoD is provided in LCS, the conversion parameter need to be provided as well (α (bearing angle), β (downtilt angle),  γ  (slant angle)). The resolution of these angles is also 0.1 degrees:
Agreement [3]:
The reporting granularity for the set of angles  (bearing angle),  (downtilt angle) and  (slant angle)  for the translation of the GCS to LCS is defined as 0.1 degree. 

 Proposal 2: 	Provide the LCS to GCS translation parameter in the NR-DL-PRS-Beam-Info.  The resolution for the set of angles  (bearing angle),  (downtilt angle) and  (slant angle)  for the translation of the GCS to LCS should be 0.1 degrees.


4. 	RTD drift rate
We note that UE-based TDOA related specifications support a RTD drift rate.
3GPP TS 25.331 [5]:
(The RTD in UMTS specifications is referred to as "SFN-SFN relative time difference".)
	SFN-SFN drift
	OP
	
	Integer (0, -1, -2, -3, -4, -5, -8, -10, -15, -25, -35, -50, -65, -80, -100,
1, 2, 3, 4, 5, 8, 10, 15, 25, 35, 50, 65, 80, 100)
	in 1/256 chips per second




1/256 chips per second ~ 260/256 ns per second ~ 1 ns/s. Therefore, value range is +/- 100 ns/s.
OMA LPPe [6]:
-- ASN1START

OMA-LPPe-OTDOA-CellData  ::= SEQUENCE {
	otdoa-NeighbourCellInfoElement	OTDOA-NeighbourCellInfoElement,
	rtdInfo							SEQUENCE {
											subframeOffset		INTEGER(0..10229)		OPTIONAL,
											fineRTD				INTEGER(0..99999),
											fineRTDstd			OMA-LPPe-OTDOA-RTDquality,
											fineRTDdriftRate	INTEGER(-100..100)		OPTIONAL,
											...
									},
	...
}


	fineRTDdriftRate
This field specifies the drift rate of the RTD between this cell and the reference cell in units of 1 nano-second per second. A positive value indicates that the reference cell clock is running at a greater frequency than the neighbouring cell clock. This field shall be provided if available.



One of the reasons is the base station frequency accuracy requirements, which for NR are specified in TS 38.104 [7] (these requirements are the same as for LTE [8] or UMTS [9]; e.g., haven’t been tightened in NR):
"Frequency error is the measure of the difference between the actual BS transmit frequency and the assigned frequency. The same source shall be used for RF frequency and data clock generation." 
"…the modulated carrier frequency of each NR carrier configured by the BS shall be accurate to within the accuracy range given in table 6.5.1.2-1 observed over 1 ms". 
Table 6.5.1.2-1: Frequency error minimum requirement
	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Medium Range BS
	±0.1 ppm

	Local Area BS
	±0.1 ppm



3GPP specifications require frequency stability of 0.05-0.1 ppm on the air interface. 0.1 ppm equals 100 ns drift after 1 second, which corresponds to about 30 m/s drift rate (which is the value range supported in UMTS and LPPe as shown above).  The DL-PRS periodicity can be up to 10.24 seconds, and therefore, RTD drift can have a significant adverse impact to positioning accuracy. 
An RTD drift rate if available can prolong the validity time of the RTD. The RTD value is essentially one "snapshot" of the RTD, valid at the reference time. If the RTD drift rate is available, the UE can take this into account when extrapolating the RTD at a delta-time from the RTD reference time.

Proposal 3:  	Include the RTD drift rate as optional parameter in the NR-RTD-Info.


5. 	RTD information per DL-PRS Resource
The DL-PRS RSTD measurements in NR are made per DL-PRS Resource. The UE can report the PRS resource ID(s) or PRS resource set ID(s) used for determining the timing of each TRP in the RSTD measurements [3]. This information may be used by an LMF to e.g., determine the correct transmission reference point and timing required for position calculation.
Thus, it is reasonable for the RTD information to also be indicated per DL-PRS Resource for UE-based. If beams for different PRS resources are formed using different sets of antenna elements, possibly from different sets of panels that are driven by different clocks or have other internal HW delay variations, such information would allow determining the RTD more precisely. 
Proposal 4:	Include RTD information in the position calculation assistance data for each DL-PRS Resource as optional parameter.

6. 	Summary
In this contribution, we provided our view on the open issues for the UE-based downlink positioning assistance data. Based on the discussion in this contribution, we have the following proposals:
Proposal 1: 	Include the DL-PRS Resource beamwidth as optional parameter in the NR-DL-PRS-Beam-Info. 
Proposal 2: 	Provide the LCS to GCS translation parameter in the NR-DL-PRS-Beam-Info.  The resolution for the set of angles  (bearing angle),  (downtilt angle) and  (slant angle)  for the translation of the GCS to LCS should be 0.1 degrees.
Proposal 3:  	Include the RTD drift rate as optional parameter in the NR-RTD-Info.
Proposal 4:	Include RTD information in the position calculation assistance data for each DL-PRS Resource as optional parameter.
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