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Introduction
In the WID, [1], for ePos the following objective was added at RAN#91: 
· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]
In this contribution, we provide a summary of the enhancements for information reporting from UE and gNB for multipath/NLOS mitigation proposed by companies in contributions [2]-[20]. We also make some initial proposals to facilitate RAN1 discussion. This document also provides the summary of the following email discussion in RAN1#107-e: 
[107-e-NR-ePos-05] Email discussion/approval on potential enhancements of information reporting from UE and gNB for multipath/NLOS mitigation with checkpoints for agreements on November 15 and 19 – Ryan (Nokia)
Overview of proposals in contributions
The following list of proposed enhancements/areas was identified based on submitted contributions [2]-[20]:
1. LoS/NLoS Indicators Values
2. UE-based LoS/NLoS Indicator Association 
3. Criteria/assistance for additional paths
4. Number of Additional path reporting
5. Path power reporting on Additional Paths for DL-AoD
6. LoS/NLoS Indicators for additional paths
7. Rx beam dependency of LoS/NLoS indicators 
8. LMF request of path RSRP
9. Others
Issues for discussion 
Issue #1: LoS/NLoS Indicator Values
One issue discussed by many companies is the detailed values of the LoS/NLoS indicator. During RAN1#106-e the following agreement was reached: 
[bookmark: _Hlk84501549]Agreement:
· Support LoS/NLoS indicators which are reported to the LMF for DL and DL+UL positioning measurements taken at UE for UE-assisted positioning or UL and DL+UL measurements at the TRP for NG-RAN assisted positioning. 
· Reporting from UE is subject to UE capability
· Positioning assistance data from LMF is enhanced for UE-based positioning by including LoS/NLoS indicators.
· FFS: Other kinds of positioning assistance data enhancements
· For LoS/NLoS detection method(s), there is no additional measurement IEs or assistance data outside of LoS/NloS indicator reporting (i.e., Option 6 from prior agreement).
· Note 1: No RAN4 requirements are expected for the LoS/NLoS indicators in RAN1’s understanding
· Note 2: LoS/NLoS indicators can be complementary to outlier rejection algorithms.
 
Agreement:
For LoS/NLoS indicators, a single-indicator can be reported and the supported values are a discrete set in the interval [0, 1]. 
· FFS: the number of discrete values to be supported
· Note: This does not preclude using binary values only which is up to UE/TRP implementation
· Note: Single-indicator means that one value in the interval [0, 1] is used for the LoS/NLoS indication

In this section we list the specific proposals from other companies related to this topic. We list the most relevant proposals here: 
· [2]
· Proposal 1: Support both the soft value and hard value LoS/NLoS indicators reporting.
· UE may select either to report subject to its capability.
· Proposal 2: Support both the soft value and hard value LoS/NLoS indicators in the assistance data for UE-based positioning.
· [4]
· Proposal 2: Supported values for LoS/NLoS indicator reporting are: 
· Soft values: [0, 0.1, …, 0.9, 1] (in steps of 0.1) 
· Hard values: [0, 1] 
· The values correspond to the likelihood of LoS with a value of 1 corresponding to LoS and a value of 0 corresponding to NLoS
· At most a single UE capability is introduced for this feature (i.e., no differentiation between soft/hard values).
· [5]
· Proposal 1: Support one of the following options:
· Option1: Support UE capability of which type of LoS/NLoS indicators the UE is supportive.
· Option2: Support to differentiate the type of LOS/NLOS Indicator by the LoS-NLos-Indicator IE, which can include hard value and soft value.
· If Option2 is chosen, the hard value type should be supported as a default value.
· [6]
· Proposal 2: In Rel-17, support using 8 discrete values to report either the LOS or the NLOS probabilities in the interval [0, 1] for LOS/NLOS indicators (Note: If it is decided the reported value indicates the LOS probability, then NLOS probability = 1 - LOS probability).LOS/NLOS indicator =0 indicates that the corresponding measurement results is obtained from a NLOS link.
· [7]
· Proposal 1: For one RSTD, PRS RSRP or UE Rx-Tx time difference measurement result, the UE can report a LOS/NLOS indicator that takes value 0 or 1. 
· LOS/NLOS indicator =1 indicates that the corresponding measurement results is obtained from a LOS link.
· LOS/NLOS indicator =0 indicates that the corresponding measurement results is obtained from a NLOS link.
· Proposal 2: For one UL-RTOA, UL RSRP, UL AoA or gNB Rx-Tx time difference measurement result, the TRP can report a LOS/NLOS indicator that takes value 0 or 1. 
· LOS/NLOS indicator = 1 indicates that the corresponding measurement results is obtained from a LOS link.
· LOS/NLOS indicator =0 indicates that the corresponding measurement results is obtained from a NLOS link
· [9]
· Proposal 1: Support LOS/NLOS identification with soft values with this range [0, .., 1] to indicate the quality of LOS/NLOS identification. Consider the steps value based on the required binary digits number (e.g, 3 bits results in 0.11 steps and 4 bits results in 0.06 steps).
· Proposal 2: Do not support further capability information allowing the UE to indicate whether the UE can support the step size of 0.1 (soft values) or it can only support values in the subset [0, 1] (hard values).
· [10]
· Proposal 1: The supported LOS/NLOS indicator values are:
· Soft values: [0, 0.1, …, 0.9, 1] (in steps of 0.1) 
· Hard values: [0, 1]
· The values correspond to the likelihood of LOS with a value of 1 corresponding to LOS and a value of 0 corresponding to NLOS
· A single UE capability is introduced for this feature (i.e., no differentiation between soft/hard values)
· [11]:
· Proposal 1: Suggest to support 4 discrete values to be supported for LoS/NLoS indicators. 
· [12]
· Proposal 1: The support of soft LOS/NLOS indication or hard LOS/NLOS indication is based on UE capability. 
· [13]
· Proposal 1: Depending on UE capability, the UE may return either hard or soft values
· Proposal 2: For UEs capable of returning hard values (0 or 1), the UE may not return the LOS indicator if the UE is not certain about the LOS likelihood.
· [18]
· Proposal 3: Consider discrete values in steps of 0.1 for LOS/NLOS corresponding to the set of probabilities. Capability-related discussions on soft/hard values can be discussed under UE features.
· [19]
· Proposal 1: The granularity of LoS/NLoS indicator is a UE capability
· Candidate values include 0.1 and 1..
· [20]
· Proposal 2: For the indicator values within the interval [0,1]; allow the UE or TRP to report single values with 0.1 steps to provide the uncertainty on the predicted channel state.
· Proposal 3: Define a capability allowing the UE to indicate whether the UE can support soft values or hard values only.
Round #1 Discussion
Feature Lead View
The views on this topic are quite diverse. It seems that one possible compromise is to allow both hard and soft value but to only introduce a single UE capability. With that in mind we can consider this proposal which was discussed at the last meeting as a starting point

Proposal 1.1-A
· Support the following two options for LoS/NLoS indicator values: 	
· Soft values: [0, 0.1, …, 0.9, 1] (in steps of 0.1) 
· Hard values: [0, 1] 
· The values correspond to the likelihood of LoS, with a value of 1 corresponding to LoS and a value of 0 corresponding to NLoS
· At most a single UE capability is introduced for this feature (i.e., no differentiation between soft/hard values).
· Note: UE is not mandated to support soft value.

Companies views:
	Company Name
	Comments

	Qualcomm
	OK, but we are also OK to introduce a separate capability between soft/hard values. 

	InterDigital
	Our preference is to have a separate capability between soft/hard values.

	OPPO
	Our preference is to let UE report supporting Soft value or Hard value in UE capability.

	Samsung
	Fine with the intention. However, since it says at most only one UE capability is reported. We think it should also include the indication methods of the soft/hard value. 
More generally, we want to ask:
Option 1: single UE capability and two value type indication;
Option 2: two UE capability indication and one value type;
What’s the major difference between option 1 and 2?

In addition, one small editoral change:
· Hard values: [{0, 1}] 


	ZTE
	OK

	CATT
	Support. A single UE capability can be introduced for this feature.

	vivo
	We are okay with the proposal, but if there is no differentiation capability between soft/hard values, the hard value type should be a default value considering at least one value (hard/ soft value) needs to be reported, and if a UE supports soft value, it will support the hard value where 0 corresponds to LoS and 1 corresponds to NLoS state as a baseline, and then soft value corresponds to the likelihood of LoS.

	Xiaomi
	As for the single UE capability, does “no differentiation between soft/hard values” means 4 bits will be always reserved for  LoS/NLoS indication? For UE support soft value, all values among [0, 0.1, …, 0.9, 1] is possible to be reported. While for UE support hard value, only 0 or 1 will be reported. So in this case, when receving 0 or 1, does it mean that gNB doesn’t it is really the LoS or NLoS with 100%, or just because of the UE capability? Then, is it necessary to sepecify when to report 0 or 1 if UE can support hard value only? For example, if the likelihood of LoS is higher than 50%, UE will report 1; else UE will report 0. Or 1 can only be reported when it is LoS.

	Huawei, HiSilicon
	We prefer single UE capability, but we are fine to introduce explicit capability signaling on support of soft and hard values.

	Intel 
	Support 

	Lenovo, Motorola Mobility
	Support and also fine with separate capabilities for hard and soft values

	ChinaTelecom
	Support the first two sub-bullet. For the last sub-bullet, if there is no differentiation, how can the gNB know the indicator is a hard value 0/1, or it is just the UE thought the scenario is very likely to be 0/1. If both soft and hard value need a 4-bit indicator, we think at least 2 specific value should be reserved for hard value.

	Fraunhofer
	We think the arguments for differentiating  the hard and soft values reporting are valid, if a single capability is desired by the majeroty then the following modification can help resolve the issue: 

· Support the following two options for LoS/NLoS indicator values: 	
· Soft values: [0, 0.1, …, 0.9, 1] (in steps of 0.1) 
· Hard values: [0, 1] 
· The values correspond to the likelihood of LoS, with a value of 1 corresponding to LoS and a value of 0 corresponding to NLoS
· At most a single UE capability is introduced for this feature (i.e., no differentiation between soft/hard values).
· Note: UE is not mandated to support soft value.


	Nokia/NSB
	Support. We feel that RAN2/3 can handle the signaling issues to allow soft/hard differentiation as part of the values. We can only accept a signal UE capability for this feature. 

	Futurewei
	Q: Not quite clear what “no differentiation…” means? Does it mean that the UE must at least support hard indicator?
· At most a single UE capability is introduced for this feature (i.e., no differentiation between soft/hard values).


	Ericsson
	OK. 

	FL
	To Futurewei: my understanding is that the UE just reports if it supports LoS/NLoS indicators or not. Then in LPP spec there would be 13 value options (11 with soft value and 2 with hard value). So no differentiation means the UE doesn’t indicate as part of UE capability explicitly if it supports only hard or only soft or both. 

To All, views on this topic are quite diverse and the sticking point seems to be on one or two capabilities. I wonder if we should deprioritize this topic in NLOS AI given the time remaining and pick it up as part of UE capability?

	SONY
	In principle we support and UE capability aspect should be discussed in UE capability discussion and not in this AI (Note: our preference is a single UE capability).

	LGE
	Support.

	Apple
	Support (single capability is preferred)



Issue #2: UE-based LoS/NLoS Indicator Association 
One issue discussed by many companies is way to associate LoS/NloS indicators for UE-based and discussing the working assumption from last meeting. During RAN1#106-bis-e the following agreement was reached: 
Agreement:
· For UE-based positioning, support the following options for LoS/NloS indicators within positioning assistance data: 
· Option 1 (Working assumption): LMF associates UE-based LoS/NloS indicators with each DL PRS resource for each TRP
· Option 2: LMF associates UE-based LoS/NloS indicators with each TRP
· Note: For option 1, one LoS/NloS indicator is associated with one DL-PRS resource

In this section we list the specific proposals from other companies related to this agreement here: 
· [8]
· Proposal 1: For UE-based indicators confirm the working assumption on Option 1.
· [10]
· Proposal 3: For UE-based positioning support both options for the LOS/NLOS indicator reporting, including the following:
· Option 1: LMF associates UE-based LOS/NLOS indicators with each DL PRS resource for each TRP
· Note: in this option, the LOS/NLOS indicator is associated with one DL PRS resource
· Option 2: LMF associates UE-based LOS/NLOS indicators with each TRP
· [12]
· Proposal 2: For UE-based positioning, confirm the working assumption of RAN1#106b-e and support the following options for LoS/NloS indicators within positioning assistance data: 
· Option 1 : LMF associates UE-based LoS/NloS indicators with each DL PRS resource for each TRP
· Option 2: LMF associates UE-based LoS/NloS indicators with each TRP
· Note: For option 1, one LoS/NloS indicator is associated with one DL-PRS resource
· [13]
· Proposal 3: Confirm the working assumption, “LMF associates UE-based LoS/NloS indicators with each DL PRS resource for each TRP”.
· [15]
· Proposal #1: RAN1 needs to confirm the working assumption (option #1) that LMF associates UE-based LoS/NloS indicators with each DL PRS resource for each TRP.
· [16]
· Proposal 1: LOS/NLOS indicators within positioning assistance data for UE-based positioning should be also supported both per DL PRS resource and per TRP.
· [17]
· Proposal 5: Confirm the working assumption in the above agreement. 
· [18]
· Proposal 2: In term of configuration flexibility, support Options 1 and 2 for providing LoS/NloS indicators within the positioning assistance data for UE-based positioning.
· [19]:
· Proposal 1: For UE-based positioning,  LMF can associate UE-based LoS/NloS indicators with each DL PRS resource for each TRP only if the indicator is a soft indicator, i.e. with a granularity less than 1.
Round #1 Discussion
Feature Lead View
It seems that all companies are okay with confirming the working assumption. 

Proposal 2.1-A
Confirm the working assumption on UE-based LoS/NloS indicators option 1. 

Companies views:
	Company Name
	Comments

	Qualcomm
	Support

	InterDigital
	Support

	OPPO
	Not support.
Technically, the system is not able to obtain separate LOS/NLOS indicator value for each individual DL PRS resource of one TRP. What the system can obtain is one same LOS/NLOS indicator value for all the DL PRS resource of one TRP. Therefore, it does not make sense to support per-PRS resource LOS/NLOS indicator.  Option 2 is sufficient.

	ZTE
	We don’t see the strong need to configure Los/Nlos indicator per resource

	CATT
	Support.

	Vivo
	Okay.

	Xiaomi
	Support 

	Huawei, HiSilicon
	OK.

	Intel 
	Support

	NTT DOCOMO
	Support.

	Lenovo, Motorola Mobility
	Support

	ChinaTelecom
	Support	

	Fraunhofer
	Support

	Nokia/NSB
	Support

	Futurewei
	Support

	Ericsson
	We think only soft LOS indicator is useful per PRS. otherwise it is enough to report LOS indication per TRP, and identify the LOS PRS resource. 

	FL
	To InterDigital, it seems your comments was not captured here? Please update the next version if you can. 

To E///, your proposal seems reasonable but given the situation I am not sure if it will be agreeable to add further conditions to the WA. Maybe OPPO/ZTE can comment if adding some conditions on soft LOS would ease their concern? 

	LGE
	Support

	Apple
	Support



Issue #3: Criteria/assistance for additional paths
One issue discussed by many companies is the criteria by which the UE/TRP determines to report additional path(s). This issue was discussed at the last meeting but no progress was reached. In Rel-16 the additional path reporting criteria was left to UE/TRP implementation. In this section we list the specific proposals from other companies related to this topic here: 
· [4]
· Proposal 3: In order to balance the overhead and performance, at least the following criteria should be considered for the reporting of additional paths,
· UE/TRP only needs to report the additional paths that are within a time span started from the first detected path.
· UE/TRP only needs to report the additional paths whose powers are larger than a threshold related to the peak of the power delay profile.
· [6]
· Proposal 3: A threshold that is assigned to UE or TRP from LMF should be defined for selecting additional paths for reporting.
· [7]
· Proposal 3: For supporting N >2 additional paths in DL-TDOA and multi-RTT:
· Selecting additional paths is up to UE implementation.
· UE reports relative RSRP for each additional path.
· The maximum value of N is reported in UE capability
· Proposal 4: For supporting N >2 additional paths in UL-TDOA and multi-RTT by TRP:
· Selecting additional paths is up to TRP implementation.
· TRP reports relative RSRP for each additional path.
· The maximum value of N is 8.
· [8]
· Proposal 4: Do not support defining criteria related to additional path selection/reporting and leave it up to UE/TRP implementation.
· [10]
· Proposal 5: Support option 5, where the selection of additional paths for UE/TRP reporting is left up to implementation (i.e., Rel-16 behavior)
· [12]
· Proposal 3: UE/TRP reporting of additional paths for DL-TDOA, UL-TDOA, and multi-RTT methods can be left to implementation.
· [16]
· Proposal 3: We prefer to report additional paths which are above a power threshold to contribute to both the enhancement of the positioning accuracy and signaling resource management as one of the options for additional paths reporting criteria.
· [17]
· Proposal 4: For the reporting criteria of additional paths, support the following options:
· LMF may send a request to the UE/TRP to include strongest path per PRS/SRS resource as one of the additional paths. If no such request is received, it is up to the UE/TRP what additional paths to report. 
· [19]
· Proposal 3: For rich multipath reporting, it shall be unambiguously defined what additional paths a UE shall report. The following paths should be reported. First path, strongest path, N-2 paths between first and strongest paths, if first and strongest paths are same then first N paths.
· [20]
· Proposal 1: Support introducing an LMF request to UE/TRP to indicate the N path reporting criteria: 
· UE/TRP reports the strongest paths as additional paths
· UE/TRP reports additional paths when the UE/TRP is uncertain that the first path is correct
· The value of maximum number of additional paths is 8 for each criteria
· The UE/TRP can be indicated to report additional paths with more than one criteri

Round #1 Discussion
Feature Lead View
The views on this issue are quite diverse with a good number of companies preferring to leave the issue to UE/TRP implementation. With that in mind we can start by just listing options to see if there is consensus on any options. 

Proposal 3.1-A
For additional path reporting criteria support one of the following options: 
· Option 1: UE/TRP are configured with a power threshold for additional paths
· Option 2: UE/TRP have a power threshold which is fixed in specification for additional paths
· Option 3: UE/TRP reports at least the strongest path in addition to first path
· Option 4: UE/TRP report additional paths when uncertain that the first path is correct 
· Option 5: UE/TRP reports the strongest path and the N-2 paths between first and strongest paths, if first and strongest paths are same then first N paths
· Option 6: UE/TRP reports additional paths within a certain time span of the first path
· Option 7: Left to UE/TRP implementation. 

Companies views:
	Company Name
	Comments

	Qualcomm
	We don’t support to have a “single option”. The spec already supports Option 7, and will support that, at least due to backward compability to NR rel-16 additional path feature. 

So the issue is whether the LMF will request a specific additional path. We think that having the UE to support the “strongest path” is very useful for positioning. From spec standpoint, needs also very limited efforts. 

	InterDigital
	We support Option 1.

	OPPO
	Support Option 7.

	Samsung
	In our view, simiar to first path, we prefer Option 7, i.e., UE/TRP reporting of additional paths is left to implementation. 

	ZTE
	More than one options are possible. At least, we think the Option 1 and Option 6 can filter useless additional paths and save overhead.

	CATT
	We prefer to change the main bullet to the following, in order to include the case that several options may be supported.
“For additional path reporting criteria support at least one of the following options:”

We think a threshold that is assigned to UE or TRP from LMF should be defined for selecting additional paths (i.e., Option 1 in the above proposal). The threshold is a relative power ratio in the interval of [0,1] and it can filter interference and noise which may be regarded as multipath. The value of threshold can be flexibly set to a different value according to the different scenarios.

	vivo
	Support Option7, it is reasonable to left to UE/TRP implementation as UE or TRP has more knowledge of measurements and can decide how to report and there are no criteria in Rel-16 additional path reporting.

	Xiaomi
	Prefer Option 7, just same as Rel-16 additional path reporting.

	Huawei, HiSilicon
	Option 7. No enhancement needed.

	Intel 
	Option 7

	NTT DOCOMO
	Same view with ZTE and CATT. We think introducing the path power threshold (Option 1) is beneficial. We are also supportive of time threshold (Option 6).

	Lenovo, Motorola Mobility
	It may be hard to converge on Options 1-6 given the limited time. Share vivo’s view to re-use the Rel-16 mechanism of Option 7.

	China Telecom
	We prefer Option 7. 

	Fraunhofer
	The proposal intention is to resolve ambiguous UE/TRP reporting. 
Support options 3 and 4 since there is no additional specification impact beyond the request.
Other options requiring a threshold or a time window configuration are unlikely to concluded in this meeting,
Option 7 is enabled by default if the LMF does not demand a reporting criteria.

	Nokia/NSB
	We support Option 7 given the limited time remaining. 

	Futurewei
	It is not entirely clear what are the benefits of specifying these or any option(s)? Do we have interoperability issues if nothing is specified?

	Ericsson
	Support option 3 and 5.  We think that it’s important if the UE makes the effort of reporting additional path, the report is useful to the LMF. Therefore, we support specifying the type of path to be reported.  Regarding using a threshold, maybe ran4 can discuss this when specifying side conditions for reporting. 

	LGE
	We support Option 1.

	Qualcomm
	To clarify our previous reply: We support Option 3.

We think Option 1 can be merged to Option 3 if the threshold is set to “0 dB” which will mean the strongest path. 

So, wondering if Option 1/3 can be merged to a single option? 

	Apple
	Support Option 7



Issue #4: Number of Additional path reporting
Another major topic discussed by companies is the number of additional paths that should be supported in the enhanced multipath reporting. At the last meeting the following agreements were reached: 
Agreement:
· For up to N>2 additional paths, support reporting relative timing (to the first detected path) in the measurement reports from UE to LMF for at least DL-TDOA and multi-RTT
· FFS: Definition of additional paths for N>2
· FFS: Whether power is additionally reported and if reported whether power is relative to first detected path or total power
· Support one of the following options for maximum value of N at RAN1#106-b (any further criteria for selection to be discussed during RAN1#106):
· Option 1: N = 4
· Option 2: N = 8
· Option 3: N = 16
· Option 4: N = 32
 
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.
· FFS: Definition of additional paths for N>2
· FFS: Whether power is additionally reported and if reported whether power is relative to first detected path or total power
· Down select between the following options for N at RAN1#106-b (any further criteria for selection to be discussed during RAN1#106):
· Option 1: N = 4
· Option 2: N = 8
· Option 3: N = 16
· Option 4: N = 32

Specific proposals related to these agreements are captured here: 
· [6]
· Proposal 5: In Rel-17, support up to 4 additional paths in the measurement reports from UE or TRP to LMF. 
· [7]
· Proposal 3: For supporting N >2 additional paths in DL-TDOA and multi-RTT:
· Selecting additional paths is up to UE implementation.
· UE reports relative RSRP for each additional path.
· The maximum value of N is reported in UE capability
· Proposal 4: For supporting N >2 additional paths in UL-TDOA and multi-RTT by TRP:
· Selecting additional paths is up to TRP implementation.
· TRP reports relative RSRP for each additional path.
· The maximum value of N is 8.
· [8]
· Proposal 3: Support at least N =8 additional paths.
· [10]
· Proposal 4: For enhanced multipath reporting support option 1, where the maximum number of additional paths N is equal to 4.
· [11]
· Proposal 2: The maximum value of N>2 additional path can be configurable.
· Proposal 3: The number of reported path in the measurement report should be indicated.
· [17]
· Proposal 1: For both UEs and TRPs, support either N=4 or 8.
· [18]
· Proposal 1: Support N=4 or N=8 additional paths, while the need of additional selection criteria (e.g. based on time window, power, uncertainty) can be further discussed.
· [19]
· Proposal 7 Support N=32 for the maximum number of additional paths in all positioning methods.
Round #1 Discussion
[bookmark: _Hlk84790375]Feature Lead View
Companies views are quite split on how many additional paths to support. From our count:
· N = 4 is supported by 4 companies
· N = 8 is supported by 4 companies 
· N = 16 is supported by 1 companies
· N = 32 is supported by 1 company 
· 1 company proposes that N is configurable. 
Given that there is no clear majority and some companies prefer larger numbers we could try for consensus on N = 8. With this in mind we make the following proposal for discussion. 

Proposal 4.1-A
For enhanced multipath reporting support N=8 for the value of maximum number of additional paths:

Companies views:
	Company Name
	Comments

	Qualcomm
	Support

	OPPO
	It can be UE capability

	Samsung 
	Not support. it should be noticed that path detection is quite challenging in practical. Therefore, we support the maximum number of additional paths to 4 at least TDOA and multi-RTT.

	ZTE
	OK. Prefer to mention which positioning methods and which measurements (path timing, path RSRP or path AOA/ZOA) should be supported. For us, the following combinations can be considered,
· Multi-RTT (gNB side) for path timing
· Multi-RTT (gNB side) for path timing and path RSRP
· Multi-RTT (gNB side) for path timing, path RSRP and path AOA/ZOA
· UL-TDOA for path timing
· UL-TDOA for path timing and path RSRP
· UL-TDOA for path timing, path RSRP and path AOA/ZOA
· Multi-RTT (UE side) for path timing
· Multi-RTT (UE side) for path timing and path RSRP
· DL-TDOA  for path timing
· DL-TDOA for path timing and path RSRP

	CATT
	We prefer N=4. We believe that N = 4 provides a good compromise between reporting overhead and localization performance. N=4 could accommodate most of the positioning requirements.

	Vivo
	Support N=4, at this stage we think N=4 additional paths are enough. Some companies support N>4 additional paths considering the performance gain for Machile-learning based positioning, we think more additional paths can be discussed after Machile-learning based positioning ia agreed to be studied.

	Xiaomi
	Prefer N=4

	Huawei/HiSilicon
	Prefer N=8. OK with 4 also.

Just to clarify by saying 4, it means actually two additional additional-path compared with Rel-16 2 addition-paths?

	Intel 
	We prefer N = 4

	NTT DOCOMO
	Either N = 4 or 8 is OK.

	Lenovo, Motorola Mobility
	Supportive of N = 8, if overhead is an issue then ok fallback to N=4.

	ChinaTelecom
	Both N=4/8 is ok.

	Fraunhofer
	Support at least N=8. 

	Nokia/NSB
	Support N=8 but okay with N=4 as a compromise. 

	Ericsson
	Support at least N=8. 

	FL
	To Huawei, yes my understanding is that N=4 means 2 additional paths compared with Rel-16. I.e., 5 total paths (1st path plus 4 total additional paths) are possible if N=4 is agreed. 

	LGE
	We are fine with FL’s proposal.

	Qualcomm
	We are supportive of a different UE capability for N=4 and N=8. It will be useful to agree this here, since the UE feature discussison is relly overloaded. 

	Apple
	OK




Issue #5: Path power reporting on Additional Paths for DL-AoD
During RAN1#106-bis-e it was agree to have additional path power (PRS RSRPP) reporting for DL-TDOA and multi-RTT. It was left open if this feature would also be supported for DL-AoD. 
RAN1#107-e company proposals:
· [2]
· Proposal 3:  Support following information reporting for each path for DL-AOD
· A Rx beam index
· A list of path powers measured from different PRS resources for the path measured via the Rx beam indicated by the Rx beam index
· [5]
· Proposal 4: Do not support of path RSRP reporting for additional paths as part of DL-AoD.
· [7]
· Proposal 5: In DL-AoD measurement reporting, the UE reports the RSRP and relative time-of-arrival of N additional paths. 
· [10]
· Proposal 7: For the DL-AOD positioning method, support introducing an additional path reporting using the following format:
· For each additional path the relative time difference with respect to the first detected path, the path quality indicator, and the path RSRP values are reported
· The LMF may request the maximum number of additional paths N to be reported
· The maximum number of additional paths can be selected from the set N = {2, 4}
· [11]
· Proposal 4: Prefer to support path RSRP for additional paths as part of DL-AoD.
· [17]
· Proposal 2: Do not support additional path RSRP for DL-AoD. 
· [19]
· Proposal 5: Support reporting the path power for the first and additional path for all positioning methods.
Round #1 Discussion
Feature Lead View
From the contributions 2 companies does not want to support power reporting on additional paths for DL-AoD.  5 companies explicitly propose supporting it. Given the majority we make the following proposal:  

Proposal 5.1-A
· Support reporting PRS-RSRPP for additional paths as part of DL-AoD.

Companies views:
	Company Name
	Comments

	Qualcomm
	Not support. How many companies evaluated this feature and had specific results? 


	InterDigital
	We support the FL’s proposal.

	OPPO
	In addition to the RSRP for addition paths, the relative time of arrival of additional path shall be reported too.


	ZTE
	We think the additional path RSRP can only be useful if the additional timings are also reported. So, we prefer to support additional path RSRP in DL-TDOA and Multi-RTT.

	CATT
	Support.

	Vivo
	The same as Qualcomm, we do not support it. 

	Huawei, HiSilicon
	Support.

This allows AoD calculation for additional paths, as the counter part to UL AoA.

	Intel 
	Support. 

	NTT DOCOMO
	Support.

	China Telecom
	Support.

	Fraunhofer
	Support

	Nokia/NSB
	Support. We don’t see a strong technical reason to not allow this for only DL-AoD but for every other technique. 

	Ericsson
	Support, along with timing information. 

	LGE
	Support.

	Qualcomm
	To the supporting companies: How many evaluations have there been on this feature? How many companies that are supporting it, have shown evaluations in 3GPP in any of the meetings until now? 

	Apple
	Support



Issue #6:  LoS/NLoS Indicators for additional paths
At RAN1#106-bis-e there was an FFS point for LoS/NloS indicators to also be supported for additional paths. Here are the RAN1#107-e company proposals on that topic: 
· [5]
· Proposal 2: Do not support to associate LoS/NloS indicator with each additional path measurements. 
· [6]
· Proposal 1: No need to define LOS/NLOS indicators for additional path measurements in Rel-17.
· [10]
· Proposal 2: The LOS/NLOS indicator is applied for the entire channel impulse response realization and characterizes the case whether the first detected (arrival) path is the LOS or NLOS path
· The additional paths are considered (by definition) as the NLOS paths and no further signaling for these paths is required 
· [17]
· [bookmark: _Hlk79674085]Proposal 7: The LOS/NLOS indicator is not needed for additional path measurements.
· [19]
· Proposal 2: LOS/NLOS indicators are not reported for additional path measurements. 
Round #1 Discussion
Feature Lead View
All companies appear to agree this feature is not needed: 

Proposal 6.1-A
Do not support LoS/NloS indicators for additional paths. 

Companies views:
	Company Name
	Comments

	Qualcomm
	OK

	InterDigital
	We support the FL’s proposal.

	OPPO
	support

	ZTE
	OK

	CATT
	OK.

	Vivo
	Agree.

	Xiaomi
	Support  

	Huawei, HiSilicon
	Support.

	Intel 
	Agree

	NTT DOCOMO
	OK.

	Lenovo, Motorola Mobility
	Agree

	China Telecom
	Agree

	Fraunhofer
	Support

	Nokia/NSB
	Okay. 

	Ericsson
	Agree

	SONY
	OK

	LGE
	Support.




[bookmark: _Hlk68792848]Issue #7: Rx beam dependency of LoS/NLoS indicators
At RAN1#106-bis-e the following agreement was reached:
Agreement:
· For UL-TDOA, UL-AoA and Multi-RTT one LoS/NloS indicator can be associated with each UL RTOA, UL SRS RSRP, UL-AoA and/or gNB Rx-Tx time difference measurement, respectively, and reported by gNB for each TRP that performed measurements for a given UE
· For UL-TDOA, UL-AoA and Multi-RTT one LoS/NloS indicator can be associated and reported by a TRP for a given UE
· For DL-AoD and Multi-RTT one LoS/NloS indicator can be associated with each DL PRS RSRP and/or UE Rx-Tx time difference measurement, respectively, and reported by UE for each TRP
· For DL-AoD and Multi-RTT one LoS/NloS indicator can be associated with each TRP in the measurement report from the UE
· For DL-TDOA one LoS/NloS indicator can be associated with each RSTD measurement performed with a target TRP and one LoS/NloS indicator is associated with the RSTD measurement performed with a reference TRP
· For DL-TDOA one LoS/NloS indicator can be associated with each target TRP and one LoS/NloS indicator can be associated with the reference TRP in the measurement report
· FFS: Dependence of indication of a LOS/Nlos indicator on the presence of Rx beam index for DL-AoD
· FFS: Whether the above bullets apply to additional path measurements.
The 1st FFS point on the Rx beam index issue was discussed by many companies. The specific proposals were: 
· [5]
· Proposal 3: No need to consider the dependence of indication of a LOS/NloS indicator on the presence of Rx beam index for DL-AoD. 
· [8]
· Proposal 2: Do not support additional LoS/NloS indicator dependency on Rx beam index reporting.  
· [13]
· Proposal 5: For DL-AoD positioning, one LoS/NloS indicator can be associated with each DL PRS RSRP if Rx beam index is indicated by the UE.
· Proposal 6: For DL-AoD positioning, one LoS/NloS indicator can be associated with each TRP in the measurement report from the UE if Rx beam index is indicated by the UE.
· [17]
· Proposal 6: There should not be a dependence of the LOS/NLOS indicator with the Rx beam index of DL-AoD
Round #1 Discussion
Feature Lead View
With these proposals in mind we make the following proposal:

Proposal 7.1-A
LoS/NloS indicator dependency on Rx beam index is not introduced. 

Companies views:
	Company Name
	Comments

	Qualcomm
	support

	InterDigital
	We do not support the proposal. Our concern is lack of reliability in LOS indicators if the “same Rx beam” indicator is not returned by the UE. AoD is a direcdtional method and information about the UE using the same spatial filter to make measurements on PRS and determine LOS indicators provides reliability for the LOS indicators. LOS indicators should be returned only when the UE uses the same spatial filter to receive multiple PRS and make measurements.

	OPPO
	Support
The channel LOS/NOLS condition does not depend on the Rx beam.

	ZTE
	Support

	[bookmark: _Hlk68906078]CATT
	OK.

	Vivo
	support

	Xiaomi
	Support 

	Huawei, HiSilicon
	Support.

To IDC, we think the more pressing issue for DL-AoD is the Rx branch instead of Rx beam.

	Intel 
	OK 

	NTT DOCOMO
	Support.

	Lenovo, Motorola Mobility
	Support

	China Telecom
	Support.

	Fraunhofer
	Support

	Nokia/NSB
	Support. 

	Ericsson
	Support

	SONY
	Support

	LGE
	Agree.



Issue #8: LMF request of path RSRP 
Another FFS point from RAN1#106-bis-e is if the LMF should be able to request the path RSRP for additional paths. Related proposals:
· [10]
· Proposal 6: For the DL-TDOA, UL-TDOA, and Multi-RTT positioning methods, support introducing a request from LMF to UE/TRP for additional path reporting using one of the following formats:
· Format 1: For each additional path the relative time difference and the path quality indicator values are reported only (Rel.16 like reporting)
· Format 2: For each additional path the relative time difference, the path quality indicator, and the path RSRP values are reported
· For both formats, the LMF may request the maximum number of additional paths equal to N 
· The maximum number of additional paths can be selected from the set N = {2, 4}
· [14]
· Proposal 1: For both UE-based and UE-assisted methods, the relative power of the first detected path to the measured PRS-RSRP is also measured and reported, subject to UE capability.=
· Proposal 2: Support introducing a request from the LMF to the UE (or TRP) when the path-RSRP for additional paths is desired to be reported.
· [16]
· Proposal 2: Support introducing a request from the LMF to the UE/TRP when the path-RSRP for additional paths is desired to be reported.
· [17]
· Proposal 3: Support introducing a request from the LMF to the UE/TRP when the path-RSRP for additional paths is desired to be reported.
· [19]
· Proposal 6: The support of a LMF request for path RSRP of additional path is left to RAN2/3.

Round #1 Discussion
Feature Lead View
All companies seem to be in favor of introducing such a request except for one company that prefers to leave it up to RAN2/3. 

Proposal 8.1-A
· Support the LMF to request PRS-RSRPP for additional paths. 

Companies views:
	Company Name
	Comments

	Qualcomm
	support

	InterDigital
	Support

	ZTE
	OK

	CATT
	OK.

	Vivo
	Firstly, we want to know why request only for additional paths? In the previous agreement, path RSRP reporting is for both the first path and additional path, we think the request should not only for addition paths but also the first path. 
Agreement:
Support reporting the path RSRP for the first path and for additional paths as part of DL-TDOA, UL-TDOA, and multi-RTT reporting enhancements.
· FFS: Support introducing a request from the LMF to the UE/TRP when the path-RSRP for additional paths is desired to be reported.
· FFS: Support of path RSRP for additional paths as part of DL-AoD. 

Secondly, does it mean the request can be applied to all positioning method? Since reporting for additional paths for DL-AoD is not supported yet, at least we think request PRS-RSRPP for additional paths for DL-AoD should not be supported.

Suggest proposal:
Proposal 8.1-A
· Support the LMF to request PRS-RSRPP for additional paths. 


	Xiaomi
	Does it mean the PRS-RSRP for the first path will be always reported? If not, we prefer the revision from vivo to include PRS-RSRP for the first path.

	Huawei, HiSilicon
	Just to clarify: we may have request to additional path (TOA-only), and request for PRS-RSRPP, and another request for additional paths with PRS-RSRPP?

	Intel 
	It is unclear to us what it means. 
Does it mean that in addition to already reported relative timing and path quality indicator, LMF may request the path RSRP reporting for additional paths? 

We believe that the request may also contain the maximum number of reported paths N.

	China Telecom
	OK.

	Nokia/NSB
	Okay. 

	Ericsson
	Support

	FL
	To vivo and others, The first path RSRP was already agreed that it could be requested as part of DL-AoD but additional paths have not been agreed for DL-AoD (issue #5). The intention was that the agreement would apply to any technique which has agreed to add path RSRP but it may be helpful to clarify. 

To Huawei, I guess one way is that we can just introduce a generic request for PRS-RSRPP and then if the UE is requested to report additional paths it would apply to that as well (so two requests total). 

To Intel, my understanding is that N is not agreed to be configurable. Prefer not to mix the discussion so suggest we discuss request a UE-specific maximum number of paths separately. 

Updated proposal: 
Proposal 8.1-B
· Support the LMF to request PRS-RSRPP as part of DL-TDOA, UL-TDOA, and multi-RTT reporting enhancements
· Note: This request applies to the first path and also to additional paths if additional timing paths are requested. 


	LGE
	Agree with Proposal 8.1-B.



Issue #9: Others 
A few proposals from a single company are included here which don’t seem to fall under one of the specific topics above or may be more related to other agenda items. Related proposals:
· [3]
· Proposal 1: Support LMF to provide the speed information of target UE in positioning assistance data.
· Proposal 2: LMF may require UE/TRP to provide the speed information of target UE during positioning information request. 
· [4]
· Proposal 1: Support LMF to provide the priori channel statistics in positioning assistance data, at least considering the distribution of Ricean K-factor and/or the distribution of delay spread.
· [6]
· Proposal 4: In Rel-17, support to report the relative power (to the strongest power path) for additional paths from UE or TRP to LMF.
· [7]
· Proposal 6: In UL-AoA, the TRP can report one or more additional paths and the TRP can report one or more UL-AoA values, path RSRP and relative time-of-arrival for each additional path.
· [11]
· Proposal 5: Support to reuse PRS for identifying LoS/NLoS.
· [13]
· Proposal 4: For the UE supporting hard and soft values, the UE associates LOS indicator with TRP and PRS resource, respectively.
· [15]
· Proposal 2: For UE-based positioning measurement in terms of LoS/NLoS identification, support following assistance data for UE: 
· Propagation time difference threshold/window between a reference and a target TRP.
· [19]
· Proposal 4: Following measurements should be specified in Rel-17 to support signature-based methods. These measurements can be part of rich reporting.
· Delay and magnitude/power of the first peak.
· Delay and magnitude/power of the highest peak.
· Components of PDP/CIR around first/highest peak.
· Proposal 8: The LMF can provide the UE/TRP with notifications that the LOS/NLOS estimate are conflicting
· Proposal 9: Upon detecting conflict, LMF can ask UE and gNB to report a few settings while collecting measurements. One such setting can be FFT window size and placement.
· Proposal 10: The LMF can provide a configuration for FFT window placement or alternatively provide an indication that a reconfiguration is needed

Round #1 Discussion
Feature Lead View
It is unclear to FL if there is any consensus on these topics. Suggest the proponent to explain further the motivation and any supporting companies to also comment such. If any consensus appears explicit proposals can be added for future discussion in this email discussion.  

Companies views:
	Company Name
	Comments

	ZTE
	Suggest to focus on additional assistance data, and create a proposal to list possible solutions.
Otherwise, we don’t know how to discuss this issue.

	
	


[bookmark: _Hlk69040055]
Proposals for GTW 
Suggested Proposals for 1st GTW 
Proposal 4.1-B
· For enhanced multipath reporting support N=8 for the value of maximum number of additional paths.
· FFS: UE capabilities for N= [4,8];

Proposal 8.1-B
· Support the LMF to request PRS-RSRPP as part of DL-TDOA, UL-TDOA, and multi-RTT reporting enhancements
· Note: This request applies to the first path and also to additional paths if additional timing paths are requested. 

Proposal 2.1-A
Confirm the working assumption on UE-based LoS/NloS indicators option 1. 

Conclusion
In this contribution, we provided a review of the submitted contributions for NR Positioning AI 8.5.5 on potential enhancements for information reporting from UE and gNB for multipath/NLOS mitigation and prepared an initial set of proposals to facilitate further discussion/decision by RAN1 during the RAN1#107–e meeting.
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