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1	Introduction
During RAN2#109bis-e, the issues regarding UE-based positioning are concluded with the following email discussion
[Post109bis-e][951][POS] Remaining issues on UE-based positioning (Huawei)
      Scope: Discuss the proposals from R2-2003064 and R2-2003145.
      Intended outcome: Summary for next meeting
      Deadline:  Long
In this discussion, we intend to progress the discussion on top of the documents submitted for UE-based positioning in RAN2#109bis-e. The documents under this summary are as follows:
R2-2003064	Discussion on UE-based positioning	Huawei, HiSilicon	discussion	Rel-16	NR_pos-Core
R2-2003145	Remaining issues with NR RAT dependent UE-based positioning	Ericsson	discussion	Rel-16
1.1 Issues that are not part of this discussion
More specifically, for the following discussion in R2-2003145, since it is already covered by the following email discussion, it is not considered as part of this discussion.
[Post109bis-e][949][POS] Structure of UE-based assistance data (Ericsson)
      Scope: Discuss the structure of UE-based assistance data and determine if changes are needed to minimise repetition of information.
      Intended outcome: Report to next meeting
      Deadline:  Long

	Analyzing UEB Assistance Data size and scope
As seen in [2], the UEB Assistance Data size can become significant, which can make broadcast impossible given the available system information broadcast capacity. From [2], the following can be observed
[bookmark: _Toc37349521][bookmark: _Toc37349565][bookmark: _Toc37367012]The UEB AD representation shall avoid repeating the same information such as TRP 	location information
[bookmark: _Toc37349522][bookmark: _Toc37349566][bookmark: _Toc37367013]The UEB AD representation shall ensure that beam information is compactly 	represented, given the possibly large beam configurations that can be considered
[bookmark: _Toc37349523][bookmark: _Toc37349567][bookmark: _Toc37367014]The UEB AD shall be conveniently adaptable to typical network deployment scenarios, 	such as the macro, urban micro and indoor open 	office deployments evaluated in Rel. 	16
1. [bookmark: _Toc37349526][bookmark: _Toc37349569][bookmark: _Toc37367016]RAN2 to discuss and ensure that Observations 3-5 are properly addressed for UEB AD representation	



Then, in the last RAN2#109bis-e, the following agreement has been made:
R2-2003997	Email discussion report: [AT109bis-e][610][POS] LPP proposals (Ericsson)	Ericsson	discussion	Rel-16	NR_pos-Core

P3 is not pursued.
Hence, we think further discussion in R2-2003145 on the following issue is no longer necessary
	Ensuring proper NR positioning management for UEB
As concluded in [3], with a dominating positioning based on UEB, there is a risk that the operator lacks the tools to tune the NR positioning deployment, configuration, procedures and costs to meet the positioning requirements. It is therefore important the ensure that the operators are provided with observability to drive such network optimization.
[bookmark: _Toc37349524][bookmark: _Toc37349568][bookmark: _Toc37367015]With a dominance of UEB NR positioning, the operator lacks positioning performance 	observability, which is important for network optimization 
1. [bookmark: _Toc37349527][bookmark: _Toc37349570][bookmark: _Toc37367017]RAN2 to agree on necessary positioning observability 




2	Discussion
In the following, we discuss the following issues in the above two documents:
2.1	Beam-width information R2-2003064/R2-2003145
According to the agreements of RAN2#108 and RAN2#109e, angle resolution is performed at LMF following RAN3 agreements, and the beam-width is not included as position calculation assistance data in the current 37.355 as follows. 
-- ASN1START

NR-DL-PRS-BeamInfo-r16 ::= SEQUENCE (SIZE (1..4)) OF NR-DL-PRS-BeamInfoPerFreqLayer-r16

NR-DL-PRS-BeamInfoPerFreqLayer-r16 ::= SEQUENCE (SIZE (1..64)) OF NR-DL-PRS-BeamInfo-r16

NR-DL-PRS-BeamInfo-r16 ::= SEQUENCE {
	trp-id-r16							TRP-ID-r16,
	lcs-gcs-translation-parameter-r16	LCS-GCS-Translation-Parameter-r16	OPTIONAL,	-- Need OP
	dl-prs-BeamInfoSet-r16				DL-PRS-BeamInfoSet-r16,
	...
}

DL-PRS-BeamInfoSet-r16 ::= SEQUENCE (SIZE(1..2)) OF DL-PRS-BeamInfoResourceSet-r16

DL-PRS-BeamInfoResourceSet-r16 ::= SEQUENCE (SIZE(1..64)) OF DL-PRS-BeamInfoElement-r16

DL-PRS-BeamInfoElement-r16 ::= SEQUENCE {
	dl-PRS-Azimuth-r16				INTEGER (0..3599),
	dl-PRS-Elevation-r16			INTEGER (0..1800)				OPTIONAL,	-- Need ON
	...
}

LCS-GCS-Translation-Parameter-r16 ::= SEQUENCE {
	alpha-r16						INTEGER (0..3599),
	beta-r16						INTEGER (0..3599),
	gamma-r16						INTEGER (0..3599),
	...
}
-- ASN1STOP
So the angle-based positioning (i.e., DL-AoD) is performed only based on the DL-PRS Resources, which may fail to meet the accuracy requirements for R16 defined in 38.855, Study on NR positioning support.
Observation 1: The current assistance data information for angle-based positioning fails to meet the accuracy requirements for Rel-16.
[bookmark: OLE_LINK1]In 38.355, RAN1 has evaluated AoD estimation and made some observations: if the gNB beam pattern is known in advance, a LUT table saving the AoD and power of each beam can be constructed, which demonstrates that it is helpful to improve the accuracy by including some additional information, e.g., beamwidth of each beam. 
Then, in R2-2003064, the following is proposed:
	Proposal 1: Include the beamwidth information of each DL-PRS Resource in DL-PRS-Beam-Info for Rel-16.



While in R2-2003145, the following analysis and observations have been given for the necessity of beam width
	AoD based on per beam signal power information has been added as one NR positioning method. Some early evaluations were presented in [1]. These results uses data sheet antenna beam half power beam width, but an alternative is to use the midpoint between two antenna beam directions. The latter can be derived from antenna beam directions, which means that the halfpower beam width does not need to be provided to the target device
[bookmark: _Toc37349519][bookmark: _Toc37349563][bookmark: _Toc37367010]Estimates of the antenna beam width can be obtained by analyzing the resource set of 	resources, each corresponding to a beam direction.
[bookmark: _Toc37349520][bookmark: _Toc37349564][bookmark: _Toc37367011]In order to ensure a limited UEB AD size, provisioning of beam width information has 	to be motivated by analyzing possible benefits in 	relation to other means of 	estimating the beam width



Question1: Do companies think the beam-width information of each DL-PRS resource should be included in DL-PRS-BeamInfo?
	Company
	Y/N
	Comments

	Qualcomm
	Yes
	It seems obvious from DL-AoD positioning, that some beamshape information is required (e.g., see TR 38.855; Study on NR positioning support). Beamwidth can provide at least some information of the beamshape.
It seems R2-2003145 suggests that beamwidth can be implicitly determined from the number of beams, so there is no need to signal it separately. If indeed this implicit rule is formalized, then that is merely another way of indicating the beamwidth. But an explicit indication is more flexible (no need to limit the infrastructure architecture and beam-codebook to the formalized rule). This implicit rule seems also imply that there is no e.g. spatial oversampling, etc.

	CATT
	Yes
	Considering beamwidth may improve the accuracy of measurements, we are ok to add beamwidth as an optional parameter.

	vivo
	Yes
	Generally, we agree, but we worry if this goes beyond what RAN1 discussed.

	Huawei, HiSilicon
	Yes
	beamwidth information will be useful for improving the accuracy for angle-based positioning. 

	Spreadtrum
	Yes
	Agree. The information is useful obviously.

	Ericsson
	No, not in this release
	It is late in the release, beam width was not discussed in the Rel 16 study item, nor has RAN1 discussed it or included in the Rel 16 parameter list. Interested companies can come back in study Rel 17 to provide a technical motivation, and also comparative evaluations compared to the already available baseline described in R2-2003145.

Also, this has already been discussed in email discussions where a majority of the companies were not in favour in this release.

	OPPO
	No 
	We see no necessity of the beamwidth info for DL-AOD positioning method. For practical network, either the antenna pattern or beam patterns are not ideal. It is not easy to use the beamwidth information at UE side.
And it is RAN1 scope to discuss whether introduce beamwidth info in DL-PRS beam info.

	Intel
	Yes
	Agree, beamwidth information is useful. 

	
	
	


Among the 8 companies only 2 companies say no to the question. Hence, we propose the following:
Proposal1: Introduce beam-width information in NR-DL-PRS-BeamInfo
2.2	RTD drift rate R2-2003064
To improve the positioning accuracy, RTD drift rate is supported by UE-based TDOA in OMA LPPe as follows:
-- 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,
											...
									},
	...
}


According to the discussions in R2-2001234, it is beneficial to provide the RTD drift rate for base station frequency requirements and the validity time reduction of the RTD. 
Then, in R2-2003064, the following is proposed:
	Proposal 2: Include the RTD drift rate of each DL-PRS Resource in DL-PRS-Beam-Info for Rel-16.



Question2: Do companies think that RTD drift rate of each DL-PRS Resource should be included in DL-PRS-Beam-Info?
	Company
	Y/N
	Comments

	Qualcomm
	Yes
	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 (TS 25.331) and LPPe as shown above (+/- 100ns)).  
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.

	CATT
	Yes
	The RTD drift rate can be provided as an optional IE. If there is no time to discuss this topic, it can be introduced in later release.

	vivo
	Yes
	More details will need on how to use this RTD drift rate.

	Huawei, HiSilicon
	Yes
	RTD drift rate will be helpful for UE to extrapolating the RTD for UE-based positioning and can be optionally provided to the UE. 

	Spreadtrum
	No
	To my understanding, RTD drift rate can be used to evaluate instead of improve the the positioning accuracy.

	Ericsson
	No, not in this release
	It is late in the release, RTD drift rate was not discussed in the Rel 16 study item, nor has RAN1 discussed it or included in the Rel 16 parameter list. Interested companies can come back in study Rel 17 to provide a technical motivation.

Also, this has already been discussed in email discussions where a majority of the companies were not in favour in this release.

	OPPO
	No
	Although the intention of introducing RTD drift rate for each DL-PRS Resource seems good, it is better to have more time to evaluate the scheme and the possible benefit, not only in RAN2 but also in RAN1. Considering the limited time and tight schedule, we prefer to leave it to Rel-17.

	Intel
	No
	Not in this release. To our understanding, the network could regularly report TX time offset to UE, together with time stamp. The time between TX time offset updates should be much less than drift rate. In this case drift may be neglected and not indicated. Otherwise drift-rate just gives UE information on amount of time the TX time offset is valid / accurate. If amount of time from the last update is much larger than drift rate UE need to request new TX time offset. But we do need the discussion on this. 


As can be seen above, the opinions on the question is 50-50. Hence, we propose to continue the discussion during the meeting. 
Proposal 2: RAN2 should further discuss whether to introduce RDT drift rate in R16 positioning
3	Conclusions
Proposal1: Introduce beam-width information in NR-DL-PRS-BeamInfo
Proposal 2: RAN2 should further discuss whether to introduce RDT drift rate in R16 positioning

