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1	Introduction
[bookmark: _Hlk71888919]This paper summarizes the following email discussion:
CB: # 1904_Pos_Multipath_NLOS
- RAN1 agreed to support LoS/NLoS indicators to be reported to the LMF
- How should the LoS/NLoS information be encoded and signalled over the interfaces?
- Soft values, Hard values, both? Procedural text to add?
- RAN1 has agreed that “Reporting multiple UL-AoA values per additional path is supported for at least UL TDOA and multi-RTT”
- How should the multiple UL-AoA information be encoded and added over the interfaces?
- How should UL AoA per SRS reporting be supported?
- Capture agreements and provide TPs if agreeable
(Nok - moderator)
Summary of offline disc R3-221065
2	For the Chair’s Notes
Conclusions for LoS/NLoS indicators:
1)	Introduce a LoS/NLoS Information IE in the TRP Measurement Result IE, containing a CHOICE between a “soft” LoS/NLoS Indicator and a “hard” LoS/NLoS Indicator.
2)	Introduce a LoS/NLoS Information Request IE in the MEASUREMENT REQUEST with associated procedural text.
3)	The “hard” LoS/NLoS Indicator is encoded as ENUMERATED type with 2 values (NLoS, LoS).
4)	The “soft” LoS/NLoS Indicator is encoded as INTEGER type with range (0..10).
R3-220524 agreed (TP for NRPPa BL CR capturing conclusions #1 to #4)
R3-221246 agreed (TP for F1AP BL CR mirroring NRPPa)
R3-221227 is withdrawn

Conclusions for additional path reporting:
5)	Introduce an Extended Additional Path List IE within the UL RTOA Measurement IE and gNB Rx-Tx Time Difference IE, which allows up to 8 additional paths. The legacy Additional Path List IE is ignored if the Extended Additional Path List IE is present.
6)	Introduce an Extended Additional Path List Request IE in the MEASUREMENT REQUEST with associated procedural text..
7)	Introduce a Multiple UL AoA of Additional Path Request IE in the MEASUREMENT REQUEST with associated procedural text.
TP for conclusions #5 to #7 is merged into R3-221200 (see CB # 1901).
3	Discussion (Phase 1)
[bookmark: _Hlk71889059]Please provide your Phase 1 views (5 questions) by 13:00 UTC Thursday January 20th.
[bookmark: _Hlk527071819]3.1	LoS/NLoS indicators
Related papers from Ericsson [2], Nokia [3], and Huawei [5]. Related RAN1 agreements in [1] rows 130 and 137.
All three papers have similar proposals, with the main difference being the detailed encoding of the “hard” and “soft” LoS/NLoS indicators.  The following common denominator seems agreeable:
Proposal 1:	Introduce a LoS/NLoS Information IE in the TRP Measurement Result IE, containing a CHOICE between a “soft” LoS/NLoS Indicator and a “hard” LoS/NLoS Indicator.
Proposal 2:	Introduce a LoS/NLoS Information Request IE in the MEASUREMENT REQUEST message with associated procedural text.

A TP capturing the above agreements is in [3] sections 8.5.1.2, 9.1.4.1 and 9.2.37.
Question 1: Can Proposals 1 & 2 be agreed? Please also provide any comments regarding the related TP in [3]. 
	Company
	Comments

	Huawei
	TP in [3] is fine.

	CATT
	Agree with P1 and P2, and also the TP in [3].

	Ericsson
	Ok

	Nokia
	Yes

	Qualcomm
	Yes. They are according to RAN1 spread sheet.

	Moderator Summary:
· There is consensus on Proposals 1 and 2.
Proposed conclusion:
· The TP in [3] can be agreed (see also Question #2).



Regarding the encoding of the soft and hard indicators, companies have proposed several options:
“soft” indicator:
	
	IE/Group Name
	IE type and reference
	Semantics description

	Option S1 (from [2])
	LoS/NLoS likelihood
	INTEGER (0..1)
	Steps of 0.1.
The values correspond to the likelihood of LoS, value 1 corresponds to LoS and value 0 corresponds to NLoS

	Option S2 (from [3])
	LoS/NLoS Indicator Soft
	INTEGER (0..10)
	Values ordered in increasing likelihood of LoS, i.e. 10 corresponding to LoS and 0 corresponding to NLoS.

	Option S3 (from [3])
	LoS/NLoS Indicator Soft
	ENUMERATED (v0, v0dot1, v0dot2, v0dot3, v0dot4, v0dot5, v0dot6, v0dot7, v0dot8, v0dot9, v1, …)
	Indicates the likelihood of LoS, with value v1 corresponding to LoS and value v0 corresponding to NLoS.

	Option S4 (from [4])
	Soft Values
	ENUMERATED (0, 0.1, 0.2, ..0.9, 1.0, …)
	The value corresponds to the likelihood of LoS, with a value of 1 corresponding to LoS and a value of 0 corresponding to NLoS.



“hard” indicator:
	
	IE/Group Name
	IE type and reference
	Semantics description

	Option H1 (from [2])
	LoS/NLoS likelihood
	ENUMERATED (0,1)
	The values correspond to the likelihood of LoS, value 1 corresponds to LoS and value 0 corresponds to NLoS

	Option H2 (from [3])
	LoS/NLoS Indicator Hard
	ENUMERATED (NLoS, LoS)
	

	Option H3 (from [4])
	Hard Values
	ENUMERATED (0, 1, …)
	



For the “soft” indicator, the two main alternatives are INTEGER or ENUMERATED. We note that Option S4 is not asn.1 compatible since enumerated codepoints cannot be numerical values. Also, Option S1 is not asn.1 compatible since steps of “0.1” granularity are not integers. Therefore, discussion should focus on Options S2 and S3 as a baseline. In the moderator’s view, Option S2 and S3 are functionally equivalent (i.e. 11 values).
For the “hard” indicator, we again note that enumerated codepoints cannot be numerical values. Therefore, discussion should focus on Option H2 as a baseline.
Proposal 3:	The “hard” LoS/NLoS Indicator is encoded as ENUMERATED type with 2 values (NLoS, LoS).
Proposal 4:	The “soft” LoS/NLoS Indicator is encoded as either INTEGER type with range (0..10), or ENUMERATED type with values (v0, v0dot1, v0dot2, v0dot3, v0dot4, v0dot5, v0dot6, v0dot7, v0dot8, v0dot9, v1, …)
Question 2: Please provide your views on Proposals 3-4 (including preference of INTEGER or ENUMERATED for the “soft” LoS/NLoS Indicator).
	Company
	Comments

	Huawei
	A slight preference for Enumerated in proposal 4
Proposal 3 is fine

	CATT
	P3 is fine, 
P4, also prefer the enumerated type.

	Ericsson
	P3 OK
P4 both are OK. With INTEGER type it looks cleaner

	Nokia
	P3: Agree
P4: Both options work but we prefer INTEGER type which we believe matches RAN3’s typical IE design for a range (similar to e.g. priority or confidence).

	Qualcomm
	Both are fine. Slightly prefer an INTEGER type.

	Moderator Summary:
· There is consensus on Proposal 3.
· For Proposal 4, all companies seem to agree that both encoding types would work. Also, it seems that companies can live with either option. Three companies prefer INTEGER while 2 companies prefer ENUMERATED.
Proposed Conclusion: 
· Adopt INTEGER type with range (0..10), which is already reflected by the TP in [3].



3.2	Additional path reporting (N>2) for time measurements
Related papers from Ericsson [2], Nokia [4], and Huawei [5]. Related RAN1 agreements in [1] rows 133 and 139.
All three papers propose to extend the maximum number of additional paths from N=2 (Rel-16) to N=8. To do this in a backwards compatible way, it seems necessary to introduce a new IE to convey the N>2 paths (i.e. simply changing the Rel-16 maxnopath from 2 to 8 would be NBC). Therefore, the following seems potentially agreeable:
Proposal 5:	Introduce an Extended Additional Path List IE within the UL RTOA Measurement IE and gNB Rx-Tx Time Difference IE, which allows up to 6 additional paths.
Proposal 6:	Introduce an Extended Additional Path List Request IE in the MEASUREMENT REQUEST message with associated procedural text.
A TP capturing the above agreements is in [4] sections 8.5.1.2, 9.1.4.1, 9.2.39/40, and 9.2.b2.
Question 3: Can Proposals 5 & 6 be agreed? Please also provide any comments regarding the related TP in [4]. 
	Company
	Comments

	Huawei
	Proposal 6 may not needed. LMF does not know how many additional paths exist. It is gNB to decide how to report based on the measurements.
Our comment could be covered in an Editor’s Note

	CATT
	Agree with P5,P6.

	Ericsson
	Ok for P5 but disagree on P6. 
The LMF may not know the exact number of paths available at gNB. There was also no request for the Additional Path List of Rel. 16 in the measurement request message.  However, the LMF could indicate the desired number of paths to be reported by the gNB, and number of UL-AoA values per additional path. The gNB can decide to override the requested number and report more or less paths in the measurement response, but it will at least be informed of the objective of the LMF. See [2].

	Nokia
	P5: Agree
P6: Agree.  This proposal is intended to implement the following RAN1 agreement for AdditionalPath_relativeTiming_Request (row 139): “This parameter is used for LMF to request a gNB to report (N>2) relative timing (to the first detected path) in the measurement reports for RTOA and gNB Rx-Tx”

Our understanding of this RAN1 agreement is as follows:
If LMF includes “AdditionalPath_relativeTiming_Request” in the MEASUREMENT REQUEST, the gNB may report up to 8 paths; otherwise, the gNB may report up to 2 paths (Rel-16).  Therefore, there is no need for LMF to know how many additional paths exist – the indication is only whether the LMF is interested in receiving more than 2 additional paths (if available). In the TP, the “AdditionalPath_relativeTiming_Request” is proposed to be named Extended Additional Path List Request IE.

	Qualcomm
	If it is "up to 6 additional paths" it may be better to include the 6 additional paths in the existing Additional Path List. If a new Extended Additional Path List list is introduced, it should include all 8 paths. Then either the Additional Path List or the 
Extended Additional Path List is present in the report. For example, if 2 paths are reported by a TRP, the LMF would not know whether this is because of legacy TRP capability, or whether the TRP has indeed only 2 paths detected (from up to 8 supported).

	Moderator Summary:
· Proposal 5 seems to have consensus. Qualcomm proposed that the Extended Additional Path List IE includes up to 8 paths (rather than 6), and then the legacy Additional Path List IE is ignored if the Extended Additional Path List IE is present. 
· For proposal 6, two companies questioned whether it requires the LMF to know how many paths exist. Nokia clarified that there is no need for LMF to know how many additional paths exist – the indication is only whether the LMF is interested in receiving more than 2 additional paths (if available).
Proposed Conclusion:
· Proposal 5 is agreed, with Qualcomm’s proposed modification.
· Based on Nokia’s clarification of Proposal 6 (and offline discussion), it seems that Proposal 6 can also be agreed.
· Due to overlap with CB # 1901_Pos_Acc_Imp, the TP for proposals 5 and 6 will be merged into R3-221200 (see CB # 1901).



3.3	UL AoA enhancements
Related papers from Ericsson [2] and Nokia [4]. Related RAN1 agreements in [1] rows 65, 68, 134-135, 140.
It appears that the RAN1 agreements can be mapped to NRPPa in a straightforward manner, as captured in the following proposals:
Proposal 7:	Introduce a new UL AoA per SRS IE which enables reporting of up to 8 UL-AoA measurements per SRS resource (see [1] row 68).
Proposal 8:	The new UL AoA per SRS IE can be included in the UL RTOA Measurement IE and gNB Rx-Tx Time Difference IE (i.e. for the first arrival path, see [1] row 65).
Proposal 9:	The new UL AoA per SRS IE can be included in the Additional Path List IE and Extended Additional Path List IE (i.e. for the additional paths, see [1] rows 134-135).
Proposal 10:	Introduce an UL AoA of Additional Path Request IE in the MEASUREMENT REQUEST message with associated procedural text (see [1] row 140).
We note that [2] proposes to add a Multiple UL-AoA IE per additional path item in the Additional Path List IE (i.e. list of UL AoA for each additional path) rather than the UL AoA per SRS IE in proposal 9 above (i.e. list of UL AoA per SRS for each additional path).  However, this seems to be due to a misreading of the RAN1 agreement in [1] row 135 which (accidentally?) omits “per SRS resource” in the agreement text (but “per SRS resource” is included in column J of the same row and in other related agreements/rows).
A TP capturing the above agreements is in [4] sections 8.5.1.2, 9.1.4.1, 9.2.39/40/41, and 9.2.b2/b3/b4.
Question 4: Can Proposals 7-10 be agreed? Please also provide any comments regarding the related TP in [4]. 
	Company
	Comments

	Huawei
	There is a RAN1 agreement for the multiple AoA for first path from our understanding, then
Proposal 7: it is ok to introduce new IE. We slightly prefer the solution in R3-220452 for the first path: The multiple AoA for first path could be in TRP Measurement result. Additionally, there is no need to include Resource ID inside the new ID, because there is no need for additional path. The resource ID for additional paths is the same to first path. 
Proposal 8: The multiple AoA for first path could be in TRP Measurement result, rather than UL RTOA Measurement IE and gNB Rx-Tx Time Difference IE.
Proposal 9: Agree, but the resource ID is not necessary for additional paths, because it is the same to the first path.
Proposal 10: OK. Could be request for multiple AoA, rather than additional path only, ie, “Multiple UL AoA Request”.
Our comment could be covered in an Editor’s Note, if not corrected in the text

	CATT
	Agree with P7~10

	Ericsson
	There is no misunderstanding form our part on the RAN1 agreements, the per SRS and per positioning SRS resource correlation was captured in our other paper on UL AoA enhancement in R3-220452. See CB # 1901_Pos_Acc_Imp where the two SRS IEs are added in the TRP Measurement Result IE. As Huawei said (thank you for your careful check of our papers) it is agreed also for primary path + Huawei’s other comments. Therefore, we prefer our encoding in [2] in combination with R3-220452.
Note that we need the codepoint of Multiple AoA List IE in the measurement request message. 

	Nokia
	P7-P8: This proposal is intended to implement the following RAN1 agreements:
ULAoAOfFirstPathPerSRSResource (row 65):
“The multiple UL-AOAs values (pair of AOA & ZOA values) can be reported per SRS resource for the first arrival path corresponding to the same timestamp.”
“Reporting of one UL-RTOA and multiple UL-AOAs measurements for the first arrival path per SRS…”
“Reporting of one gNB Rx-Tx time difference and multiple UL-AOAs measurements for the first arrival path per SRS…”

Therefore, we note that the multiple AoA are applicable only for hybrid positioning (i.e. with UL-RTOA or gNB Rx-Tx time difference” AND same timestamp. That is the basis of the encoding in [4].
Regarding the encoding in R3-220452 mentioned by Huawei and Ericsson, this does not seem to match RAN1 agreement.  For example, it allows reporting of multiple AoA with different timestamps, and allows reporting of multiple AoA without including any timing measurements (there does not seem to be any RAN1 agreement to support multiple AoA as a standalone measurement type?)

P9: Agree. This is the extension to additional paths.
P10: Agree.

	Moderator Summary:
· The discussion on proposals 7 to 9 is redundant with discussion in CB # 1901_Pos_Acc_Imp where multiple AoA for first path is being discussed.  Therefore, it is proposed to remove proposals 7 to 9 from this CB.
· There is consensus on Proposal 10.
Proposed Conclusions:
· Due to overlap with CB # 1901_Pos_Acc_Imp, the TP for proposal 10 will be merged into R3-221200 (see CB # 1901).



3.4	Other enhancements
There are some additional proposals in [2] as follows:
1)	add the Time Stamp IE in the Additional Path List IE
2)	add a Desired Number of Reported Additional Path IE in the MEASUREMENT REQUEST message
3)	add a Desired Number of UL AoA Values per Additional Path IE in the MEASUREMENT REQUEST message
The above proposals do not seem to map to a specific RAN1 agreement.  Companies are invited to provide feedback.
Question 5: Please provide your views on the additional 3 proposals above (including relevant RAN1 agreements if any, benefits, etc.)
	Company
	Comments

	Huawei
	1) Could be introduced as FFS for now
2) and 3) there is no need and it looks difficult to request an exact number because the LMF does not know how many multi-path exists.  

	CATT
	For 1), the Time Stamp IE In TRP Measurement Result can be used to indicate that the measure values of multiple paths share the time point. Besides, the measurement values with different time point can be indicated by different measurement result instance, after all, the maxnoPosMeas value is 16384.
For  2) and  3), We don't see more benefits.

	Ericsson
	1) is related to RAN1 agreement below: 

Agreement
• For multipath reporting enhancements, support reporting from TRP to LMF, angle, timing, for up to additional N>2 paths for at least UL-TDOA and multi-RTT.

2) and 3) are beneficial to reduce the overhead in NRPPa, since only the required number of paths can be reported between the LMF and the gNB. See our response to Q3

	Nokia
	Regarding Time Stamp and Ericsson’s explanation above, in our understanding the word “timing” in the quoted agreement refers to timing measurements (i.e. UL RTOA and gNB Rx-Tx Time Difference), not a new Time Stamp.

	Qualcomm
	Prefer to focus on the RAN1 parameter list first. We understand the "timing of additional paths" is not a time stamp. It is the timing of the path relative to the first path.

	Moderator Summary:
· There is no consensus on the additional proposals at this time.



4	Discussion (Phase 2), if needed
TBD
5	Conclusions, Recommendations
Conclusions for LoS/NLoS indicators:
1)	Introduce a LoS/NLoS Information IE in the TRP Measurement Result IE, containing a CHOICE between a “soft” LoS/NLoS Indicator and a “hard” LoS/NLoS Indicator.
2)	Introduce a LoS/NLoS Information Request IE in the MEASUREMENT REQUEST with associated procedural text.
3)	The “hard” LoS/NLoS Indicator is encoded as ENUMERATED type with 2 values (NLoS, LoS).
4)	The “soft” LoS/NLoS Indicator is encoded as INTEGER type with range (0..10).
R3-220524 agreed (TP for NRPPa BL CR)

Conclusions for additional path reporting:
5)	Introduce an Extended Additional Path List IE within the UL RTOA Measurement IE and gNB Rx-Tx Time Difference IE, which allows up to 8 additional paths. The legacy Additional Path List IE is ignored if the Extended Additional Path List IE is present.
6)	Introduce an Extended Additional Path List Request IE in the MEASUREMENT REQUEST with associated procedural text..
7)	Introduce a Multiple UL AoA of Additional Path Request IE in the MEASUREMENT REQUEST with associated procedural text.
TP for conclusions #5-7 is merged into R3-221200 (see CB # 1901).
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