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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 potential enhancements for information reporting from UE and gNB for multipath/NLOS mitigation proposed by companies in contributions [2]-[22]. We also make some initial proposals to facilitate RAN1 discussion. This document provides the summary of the following email discussion in RAN1#106-e: 
[106-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 August 19, 24 and 27 – Ryan (Nokia)
Overview of proposals in contributions
The following list of proposed enhancements/areas was identified based on submitted contributions [2]-[22]:
1. LoS/NLoS Indicators
2. Indicators Values
3. LoS/NLoS Identification methods
4. Multipath reporting enhancements 
5. [bookmark: _Hlk79673754]UE to LMF multipath reporting enhancements
6. gNB/TRP to LMF multipath reporting enhancements
7. UL-AoA Related Topics 
8. DL-AoD Related Topics 
9. Others
Issues for discussion 
Issue #1: LoS/NLoS Indicator (CLOSED)
One issue discussed by many companies is the introduction of an indicator of a LoS/NLoS indicator. These indicators could be reported by the UE and/or TRP to the LMF when making positioning measurement reports. During RAN1#105-e the following agreement was reached: 
Agreement:
· Study reporting of LoS/NLoS indicators for DL, UL, and DL+UL positioning measurements taken at both UE and TRP at least for UE assisted positioning. 
· Study the following options (or combinations of the following options) for LoS/NLoS indicators
· Option 1: Binary (i.e., hard) value indicators
· Option 2: Soft value indicators (i.e., [0,1]). 
· FFS: Format and criteria for determination 
· FFS: additional information or options
· FFS: LoS/NLoS indicators for UE-based positioning

In this section we list the specific proposals from other companies related to this agreement and in particular related to the first bullet. Some other proposals seem to indicate that the company is also supportive of indicators while other companies have observations in which they appear opposed to indicators. We list the most relevant proposals here: 
· [2]
· Proposal 1:  Support UE to report the LOS/NLOS indicators of the measurement results for the DL and DL+UL positioning methods.
· Proposal 2:  Support gNB to report the LOS/NLOS indicators of the measurement results for the UL and DL+UL positioning methods.
· [4]
· Proposal 3: The validity of LoS/NLoS indicators with different LoS detection methods should be studied further.
· Proposal 4: How LMF utilizes the reported measurements associated with LoS/NLoS indicators needs to be further studied.
· [5]
· Proposal 1: Support UE positioning measurement report with LOS/NLOS identification. It can be reported as soft value indicators (i.e., [0,1]).
· [8]
· Proposal 1: Support LoS/NLoS indicator reporting from the UE/TRP to the LMF during at least UE-A positioning. Details of the indicator (e.g., binary/soft) can be FFS.
· [9]
· Proposal 1: To improve positioning accuracy by regularization techniques, use of LOS indicators as soft values for each link for UE-assisted and UE-based positioning should be supported.
· Proposal 1a: For UE-assisted positioning, the determination of the LOS indicator can be done at the gNB/LMF or at the UE. For the latter, the LOS indicator is additionally reported back to the gNB/LMF. 
· Proposal 1b: For UE-assisted positioning, at least support the baseline case where needed measurements are reported back to the gNB/LMF for the determination of the LOS indicator at the gNB/LMF. The algorithm to compute the LOS indicator hence becomes a matter of network implementation.
· Proposal 1c: For UE-based positioning, the LOS indicator can be signaled to the UE. The UE can request the LOS indicator for specific path(s) associated with a gNB or TRP to be signaled to the UE by the LMF/gNB.
· [14]
· Proposal 1: Support reporting of LOS/NLOS indicator for DL, UL, and DL + UL positioning measurements taken at both UE and TRP in the following format:
· Soft value indicator distributed in the range [0, 1] showing the probability of NLOS link detection, where 0 indicates pure LOS channel, and 1 indicates pure NLOS channel
· [17]
· Proposal 1: Support introducing binary value LOS/NLOS indicator.
· [19]
· Proposal 4: LMF provides the UE with information on the channel model or channel parameters to enable channel state identification.
· [20]
· Proposal 2: Support UE reporting of RSTD, UE Rx-Tx time difference and/or DL-PRS RSRP associated with Option 1 (binary metrics) or Option 2(soft metrics) LOS/NLOS indicators on a per beam basis.
· Proposal 3: Specify a separate LOS/NLOS measurement window, where the applicable LOS/NLOS positioning measurement is considered valid. This motivation of the LOS/NLOS measurement window is separate from the measurement timestamp reporting in AI 8.5.1. FFS further details such as length of the measurement window(s), configuration of periodic/aperiodic measurement window(s).

Round #1 Discussion
Feature Lead View
Many companies seem interested in introducing LoS/NLoS indicators calculated by the measuring nodes (UE/TRP) and reporting to LMF as part of location reports. Some companies propose additional details related with these indicators and those are discussed in subsequent sections. There are some companies that seem to feel that other solutions (e.g., multipath reporting) appear better in some scenarios. With that in mind the follow proposal may be a good starting ground:

Proposal 1.1
· Support LoS/NLoS indicators which are reported for DL, UL, and DL+UL positioning measurements taken at UE or TRP, at least for UE assisted positioning. 
· FFS: UE based positioning 

Companies views:
	Company Name
	Comments

	Qualcomm
	Not support

	Huawei
	Support. 

LoS/NLoS indicaotor reporting does not implicitly means that the implementation-based methods would not be used, such as RAIM/RANSAC. Actually, in reality, it can be jointly utilized with the RAIM/RANSAC.
In addition, LoS/NLoS indicator does not implicitly excludes the NLOS measurements, but provides the assistant information that how much this link is like to a LoS or NLoS. Otherwise, why would the NLOS measurement be reported if it is flagged as NLOS.

	vivo
	We are not in favour of this proposal before we study it clearly.
As mentioned in our contribution, the correct rate of LoS detection is dependent on the scenario and LoS identification methods, it is better to clarify the effective LoS detection methods correspond with different LoS/NLoS information reporting, and evaluate the corresponding validity of LoS/NLoS identification before we decide which LoS/NLoS information can be reported.
In addition, how LMF utilizes the reported measurements associated with LoS/NLoS indicators when calculating the position is also a problem. Would the NLoS measurements be discarded or mitigated, or would they also be used? It is difficult for us to standardize ‘LoS/NLoS indicator’ before the above issues have been studied clearly.

	China Telecom
	Support.

	Intel 
	Support. Agree with the comments provided by Huawei. 

	Xiaomi
	Support. 

	ZTE
	Support. Fully agree with Huawei’s comments.

In addition, we think how UE/gNB derives the NLOS indicator should also be reported to LMF. Otherwise, how RAN4 can design the test case for the NLOS indicator?
For example, UE/gNB reports a NLOS indicator, UE should also indicates which channel parameter has been used to derive the NLOS indicator. The channel parameters can be Ricean factor, coherence bandwidth or other parameters as mentioned in Issue#3.
We would like to add another FFS,
FFS:  The report should be associated with at least a channel parameter that is used to derive the NLOS indicator


	SONY
	Support and we have similar view as Huawei.

	CATT
	Support.  
We share the same view with Huawei and Intel that LoS/NLoS indicaotor can be jointly utilized with the RAIM/RANSAC. The use of reporting of LOS/NLOS indication information together with RANSAC algorithm can improve significantly the positioning accuracy with given computational complexity.
As shown in the figure below, 
· CASE 1 (Baseline): selecting  4 TRPs of minimum TOA error from 18 TRPs.
· CASE 2: Pre-selecting  8 TRPs according to LOS identification information and processing with RANSAC().
It is shown that the positioning error for CASE2 is 0.63m which is close to the baseline. It demonstrates that the proposed “joint LoS/NLoS indicaotor + RANSAC” algorithm mitigates most of NLOS influence and almost obtains the required accuracy (detailed simulation information can be obtained from our contribution R1-2106975).
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	Huawei, HiSilicon2
	To vivo:

Regarding the comment from vivo:
As mentioned in our contribution, the correct rate of LoS detection is dependent on the scenario and LoS identification methods, it is better to clarify the effective LoS detection methods correspond with different LoS/NLoS information reporting, and evaluate the corresponding validity of LoS/NLoS identification before we decide which LoS/NLoS information can be reported.

As vivo and many other companies have evaluated, by LoS/NLoS detection the positioning accuracy could be effectively improved. In addition, the correct detection rate could achieve up to 99%.


Regarding the comment from vivo:
In addition, how LMF utilizes the reported measurements associated with LoS/NLoS indicators when calculating the position is also a problem.

There may be multiple ways how LMF could ulitize the NLoS indicator, and it is LMF implementation.
· Method #1: The measurments even with low LoS probability can be used via labeling different measuremnts with different weight factors based on the LoS probabilities.
· Method #2: The LMF could use the NLoS indicator as the processing priority indictor for a TRP, which can be jointly used for RAIM algorithm. For example, the TRP measurement with higher probability would be selected first and cross-check whether the less LOS-likely TRPs should be added in the location fix.
· Method #3: The LMF could use the measurement associated with lower LOS probability in case there is a small number of TRPs available for a location fix, and also provide the location fix with a larger uncertainty.
We do not understand why this is problematic..

	Nokia/NSB 
	Support. Agree in general with Huawei.  
 
To vivo, it is obvious that NLOS is a huge problem for positioning. It has been studied for decades in the literature and is clear from simulation/real world data. The error rate is clearly dependent on the environment and specific method but to simply not do anything is not acceptable to us.  

	OPPO
	
We share the same view as QC and vivo and we do not support this proposal.

Indeed NLOS is a big trouble for positioning. However, reporting “NLOS indicator” does not help the current positioning methods since all the positioning so far is based on the distance or transmission time assumption. Instead of reporting the identification of NLOS to system, a better method for a UE is to deal with the NLOS at the UE side by implementation.  
Particually, we share the same understanding as vivo, it seem not possible to define the LOS indicator technically. For instance, if we use one bit value to indicate whether it is LOS or NLOS. If a UE reports a NLOS, what the LMF would do? Discard the corresponding results or use it?



	Fraunhofer
	Support. LOS/NLOS enables the LMF to weigh the multiple received measurements.

The realibility of the LOS/NLOS indicators depends on the applied method (TRP/UE implementation) and required AD for an effective channel state identification. 



	Huawei, HiSilicon
	To OPPO:

May I understand the following contents as to only say for UE-based methods, it is not needed to report NLOS indicator? How about UE assisted case? How about UL methods?

Instead of reporting the identification of NLOS to system, a better method for a UE is to deal with the NLOS at the UE side by implementation.


For the following comments:

it seem not possible to define the LOS indicator technically. For instance, if we use one bit value to indicate whether it is LOS or NLOS. If a UE reports a NLOS, what the LMF would do? Discard the corresponding results or use it?

Have we defined RSTD measurement quality? Even for location fix report, UE could report the uncertainty shape and confidence, why would that be possible?
For using the NLoS indicator, I think in the previous comments, companies already expressed how LMF could use the soft value. I do not think it is a constructive comment to simply repeat the same thing (which has already been addressed) again and again.

	LG
	We fully agree with the intention of reporting LoS/NLoS indicators and we only support the proposal under the condition that implementation-based methods are used to derive it. As many other companies have been introduced their own’s algorithms, we have concern about how to compare them effectively in the short time available. We prefer that there is no spec impact except for LoS/NLoS indicator.

	Futurewei
	In our view, an implementation-based approach (e.g. outlier rejection) at the UE for UE-based positioning is comparable to using an equivalent ‘soft indicator/algorithm’ at the UE to reject a specific measurements (e.g. RSTD) due to NLOS degradation , as an example. The specific approach here of course is implementation choice.

We need to extend this capability also for UE-assisted positioning where positioning is computed at the LMF. One approach is to provide the gNB/LMF a similar ‘soft indicator’ e.g. a [x]-bits feedback to the gNB/LMF to support UE-assisted positioning. Hence, we have specs support for UE-assisted positioning as well, and not just an implementation approach that works for UE-based positioning.

Perhaps a way to achieve middle ground and make some progress would be that for now we generalize this indicator as provide some ‘quality measurements’ that includes at least form for of indication of LOS or NLOS feedback, instead of stating now that it must be a LOS/NLOS indicator. However, prior to that, we would like to understand better the position taken by companies that think implementation-based UE approach is already sufficient:
· Do you think such approach to address NLOS effects should be extended also to UE-assisted positioning where positioning is computed at the LMF and currently we don’t have means to support this? 
· If no, can you explain why not? If yes, please share some description of your proposed approach.


	Lenovo, Motorola Mobility
	Support, these indicators, essentially serve as additional assistance information to the LMF (UE-assisted) and can be complementary to the implementation-based approaches as highlighted by Huawei. 

	Ericsson
	For the LMF, the (soft) indicator solution could be a complement to multiplath reporting, to enable LOS identification at the LMF. However it is not enough to rely on the gNB/UE implementation to produce a LOS/LNOS indicator. The LMF can fuse all measurements from both UE and gNB to extract the LOS/NLOS information.  Therefore we think the priority is to enable LOS detection at the LMF, and if time allows specify LOS/NLOS indication to the LMF from gNB/UE

To FL The proposal quoted from our contribution [7] was in support of enabling  NLOS/LOS detection in general, but did not refer to the NLOS/LOS indication solution. Thus it can be removed from the list of supporting proposals for issue #1. 


	vivo2
	Actually, companies propose LOS/NLOS enables the LMF to weigh the multiple received measurements in the implemation algorithm. But we would like to confirm whether the path RSRP will be introduced in Rat dependent methods. If it is, it is natural to use path RSRP as weight instead of using an indication that performance cannot be guaranteed. Otherwise, we should get the conclusion first that no path-RSRP is needed in R17 except AoD positioning.


Round #2 Discussion
Feature Lead View
While the majority of companies seem supportive of the initial proposal there are still some companies that have concerns. Not sure if the explanation from Huawei and others was helpful to clarify that some companies see this as a complement to outlier rejections schemes or not. As such we propose to add a note and then continue discussion:

Proposal 1.1.1
· Support LoS/NLoS indicators which are reported for DL, UL, and DL+UL positioning measurements taken at UE or TRP, at least for UE assisted positioning. 
· FFS: UE based positioning 
· Note: LoS/NLoS indicators can be complimentary to outlier rejection algorithms. 

Companies views:
	Company Name
	Comments

	CATT
	Support.

	Fraunhofer
	Support

	OPPO
	Do not support. 
The logic for reporting NLOS indicator to LMF does not make sense to us.  The LOS/NLOS identification is done by the UE. With the identification results, the UE can refine its RSTD measurement result and only report the measurement results that the UE determine they are valid. Let us assume the UE indicate that one RSTD measurement is from a NLOS: what will the LMF do with it: discard it or use it? And if a soft value is reported, how does the LMF use that. Do LMF treat the measurements with different soft values differently?

Instead of reporting NLOS indicator, we think per-path reporting for multipath is more helpful, which give the information of ToA, RSRP, Rx-Tx time difference for each path. Among those paths, some are LOS and are not.

	China Telecom
	support

	ZTE
	Support. 
· I’m not sure why ZTE’s comments in first round was not addressed.
FFS:  The report can be associated with the channel parameter(s) that are used to derive the NLOS indicator
· The NLOS indicator means UE/gNB has to scale or normalize the measurement results locally into a value between 0 and 1, which assumes that the measurement result is a linear distribution. This kind of reporting also means the largest measurement result among different links may always be indicated as an indicator value 1. This is not true! Some of channel parameters, for example Ricean factor, which normally belongs to a normal distribution. If LMF has some priori information of the channel (e.g. the mean value and the variance of the normal distribution), LMF can provide the information to UE/gNB to facilitate the LOS determination. Therefore, we would like to add another FFS.
FFS: LMF provides assistance information to facilitate the LOS/NLOS identification


	Huawei, HiSilicon
	Support.

Reply OPPO:
With the identification results, the UE can refine its RSTD measurement result and only report the measurement results that the UE determine they are valid.
This UE is not complying with RAN4 requirement. A 3GPP compliant UE will report RSTDs of detectable PRS (i.e. satisfying the side condition).

Let us assume the UE indicate that one RSTD measurement is from a NLOS: what will the LMF do with it: discard it or use it?
We think in the extreme cases, LMF would have to use it if there are not enough LOS TRPs.


	vivo
	Our further evaluation results are shown the performance degradation after one  LOS as NLOS or one NLOS as LOS in the calculation equation.
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That is what we are worried about, non-guaranteed LOS/NLOS indicator is a black box for LMF that may lead to performance degradation. But LMF doesn’t know how to optimize a black box and even what it represents and leads to.
So, we asked whether the path RSRP will be introduced in Rat dependent methods. If it is, it is natural to use path RSRP as weight instead of using an indication that performance cannot be guaranteed. 


	Xiaomi
	Support 

	Intel 
	Support 

	CEWiT
	Support. 

	Nokia/NSB
	Support.

To OPPO, we agree with the comments from Huawei. In addition, there are use cases where the NLOS paths can still be used to help position a user. We don’t think that a UE reporting NLOS ID (or likelihood) makes it unusable at the LMF. 

To vivo, if LOS/NLOS is reported it seems like majority view is it will be a likelihood indicator so it is not so black and white. As we have already agreed to support the multi-path reporting enhancement this can also be viewed as additional information at the LMF to help with outlier rejection/LOS filtering algorithms at the LMF but those algorithms are up to implementation. As shown by multiple companies in simulation results using a realistic LoS/NLoS estimator can improve the performance as there is clear gain by removing NLOS links from the estimation. 

	Qualcomm
	We are not supportive of the feature. We believe that this additional reporting will not be used, since, the supported quality metrics can be extended to include this information: UE determines that a TRP is NLOS, then it increases the uncertainty in the quality report. There is no reason that a UE will not do this in the current spec, or actually, that a UE is not doing that already. 

I acknowledge that in the worst case, even if the feature is introduced, it will just be another not-useful reporting from UE/gNBs, optional feature that maybe no UE/gNB supports; if we had a lot of time to spend, that might be OK, but currently time is limited, and we still think that this feature is lower priority than progressing in the multipath reporting feature. 

Having said the above, it is also not clear why “UE-based positioning” is FFS, or what does it really mean. Our understanding of the proposal that was made about UE-based positioning was that this bullet effectively corresponds to Assistance Data enhancement with LOS/NLOS indicators associated with PRS resources/TRPs. In other words, LMF has some prior of which TRP is LOS/NLOS for a UE, and includes additional assistance data. LMF may have derived this information by configuring the TRPs to do UL-positioning, or some other way by implementation. 

If companies think that LOS/NLOS is useful to be sent by the gNB to the LMF, then, the same set of companies should support to send LOS/NLOS indicators to the UE when the UE plays the role of the positioning engine. 

In other words, we think the “FFS: UE based Positioning” should be discussed together with the effort to “enhance” UE-assisted. 
· Assistance data Enhancement by including LOS/NLOS indicators for UE-based Positioning is supported. 

	FL
	To ZTE, in my understanding your comment can be taken up under issue 3 as this is highly related to the method the UE uses for LoS/NLoS detection. 

Based on the comments from QC which seem reasonable, let us use the following modified proposal for discussion: 
Modified Proposal 1.1.1
· Support LoS/NLoS indicators which are reported for DL, UL, and DL+UL positioning measurements taken at UE or TRP, for UE assisted positioning. 
· Positioning assistance data is enhanced for UE-based positioning by including LoS/NLoS indicators.
· Note: LoS/NLoS indicators can be complimentary to outlier rejection algorithms. 


	Apple
	Although we share similar view as QC, we are ok with the proposal.

	vivo
	Sorry, we would like further understand why LMF can indicate the LOS/NLoS indicator since LMF is neither a calculation unit nor a measurement unit for UE-based positioning.


	LG
	Regarding QC’s comment and modified proposal 1.1.1, we try to understand the motivation of the second main bullet. But, since we do not have been discussed the details yet and we don’t know which assistance data needs to be included, we prefer to deal with the second main bullet as FFS.


	ZTE2
	· We acknowledge that the assistance data can be useful for LOS identification. For UE-based positioning, the assistance data may indicate Los/NLos indicators to help UE to decide which link are more reliable for positioning; For UE-assisted positioning, the assistance data may provide some priori channel information (e.g. the distribution of some channel parameters) to help UE to derive the reported Los/NLos indicators.
· To FL, Let’s us elaborate more for the intention to have the FFS ( FFS:  The report may indicate which channel parameter(s) that are used to derive the LoS/NLoS indicators). Generally, UE reports Los/NLos indicators according to the channel parameters from measured  RS. We don’t mean UE has to report measurements of channel parameters (i.e. the Issue#3).  We’re trying to say UE has to indicate which channel parameter has been used to derive the Los/Nlos indicators. For example, if UE reports an LOS indicator, UE has to additionally indicate the LOS indicator is based K factor (this may only consume 1 bit indicator). This additional indication has some benefits: 
· It helps RAN4 to design the test case for the Los/NLos indicator. Otherwise, how to evaluate the confidence level of the Los/NLos indicator would be a problem.
· It helps LMF to determine the reliability of Los/NLos indicator. Even UE reports a value of 1, LMF cannot make sure that it’s a LOS link since different channel parameters may have different reliability to derive Los/NLos indicators.
We would like to revise FL’s latest proposal as following,
	
Modified Proposal 1.1.1
· Support LoS/NLoS indicators which are reported for DL, UL, and DL+UL positioning measurements taken at UE or TRP, for UE assisted positioning. 
· FFS:  The report may indicate which channel parameter(s) that are used to derive the LoS/NLoS indicators
· LMF can provide positioning assistance data to help UE to decide Los/NLos information, further study the following aspects.
· Positioning assistance data includes LoS/NLoS indicators
· Positioning assistance data includes prior channel information (e.g. the distribution of K factor)
· The positioning assistance data can be applied to either UE-based positioning or UE-assisted positioning
· Note: LoS/NLoS indicators can be complimentary to outlier rejection algorithms. 


	Qualcomm3
	Thanks for the discussion. In an attempt to try to be constructive on this discussion, even though we have our concerns of the usefulness of the feature (on top of the already-specified quality metric reporting), even if UE-based AD enhancements is included, there is still two major point missing: Issue #3 should be discussed in a combined proposal, wherein we clearly say that 
· “For LoS/NloS detection method(s), there is no specification impact outside of LoS/NloS indicator reporting. “
Similarly, there needs to be a note that there is no expectation that this reporting will have Ran4 requirements, as is the case of quality metrics
· Note: No RAN4 requirements are expected for the LOS/NLOS indicators 

Furthermore, to the comment from ZTE: Why would the LMF send the prior channel statistics, when we are discussing LOS/NLOS indicators here? Having said the above, a starting point for us can be the following:

· Support LoS/NLoS indicators which are reported for DL, UL, and DL+UL positioning measurements taken at UE or TRP, for UE assisted positioning. 
· Positioning assistance data is enhanced for UE-bAssisted/UE-based positioning by including LoS/NLoS indicators.
· For LoS/NloS detection method(s), there is no additional reporting or assistance data outside of LoS/NloS indicator reporting.
· Note: No RAN4 requirements are expected for the LOS/NLOS indicators 
· Note: LoS/NLoS indicators can be complimentary to outlier rejection algorithms. 



	Sony
	Support the FL proposal above.

	Huawei, HiSilicon
	To QC/ZTE: To our understanding, enhancing AD for UE-A is not needed at least for now, since if LMF already has some LOS/NLOS apriori for the UE, it simply will use it upon collection of UE measurement report for UE-A (including potential UE estimate of LOS/NLOS posteriori), without sending it to the UE.

Since there is no RAN4 requirement, or UE PRS measurement behavior change for UE receving this, we do not think including this in the AD is useful.

Our revision is provided below:

· Support LoS/NLoS indicators which are reported for DL, UL, and DL+UL positioning measurements taken at UE or TRP, for UE assisted positioning. 
· Positioning assistance data is enhanced for UE-bAssisted/UE-based positioning by including LoS/NLoS indicators.
· FFS: assistance data enhancement by including LoS/NLoS Indictor for UE assisted positioning.
· For LoS/NloS detection method(s), there is no additional reporting or assistance data outside of LoS/NloS indicator reporting.
· Note: No RAN4 requirements are expected for the LOS/NLOS indicators 
· Note: LoS/NLoS indicators can be complimentary to outlier rejection algorithms. 


	Futurewei
	We are supportive of the FL modified proposal above and also the changes proposed by QC. As for the LOS/NLOS indicator, as we stated before and also in our Tdoc, support of a feature should be applied not just for UE-based but also for UE-assisted, and vice versa.

We prefer not having any more FFS in this agreement if possible due to the limited time to complete this feature for Rel-17.  

	InterDigital
	We also agree with Futurewei that if the LOS/NLOS indicator is supported, it should be applicable to both UE-assisted and UE-based positionig methods. For the UE based positioning methods, LOS/NLOS indicator will be useful for estimating the UE location.

	ZTE3
	To Qualcomm/Huawei,
· We think the prior channel statistics could be useful for both UE-based anf UE-assisted positioning. 
· [bookmark: OLE_LINK1]For example, for UE-assisted positioning, LMF can provide the distribution of Ricean K-factor of the scenario to UE. UE may get a measured Rciean K-factor locally based on the measurement of one RS. As discussed by Issue#3, most companies don’t agree to report the measured Rciean K-factor. It would be a problem that how UE can derive the Los/NLos indicator. From our point our view, UE can map the measured Rciean K-factor into confidence level (i.e. Los/NLos indicator) according to the distribution of Ricean K-factor of the scenario (shown in the following figure). This doesn’t mean UE always need to measure the Ricean K-factor. It’s up to UE on how to use the prior channel statistics. This prior channel statistics can help UE to derive the reported Los/NLos indicator.
[image: ]
· For UE-based positioning: First of all, the Los/NLos indicator in positioning assistance data belongs to one of the prior channel statistics. Only provide Los/NLos indicator in positioning assistance data maybe quite limited in some cases when UE is moving so that channel may be dynamic. In addition, it would also be helpful for LMF to provide other kinds of prior channel statistics, e.g. distribution of Ricean K-factor of the scenario. Similar to UE-assisted positioning discussed above, this information may help UE to decide which link is a Los/NLos link when conducting location computation. 
· We’re fine with the the note “ No RAN4 requirements are expected for the LOS/NLOS indicators” since we cannot get consensus to support measurement reporting in Issue#3.
· We would like to revise the proposal modified by Huawei,

· Support LoS/NLoS indicators which are reported for DL, UL, and DL+UL positioning measurements taken at UE or TRP, for UE assisted positioning. 
· Positioning assistance data is enhanced for UE-based positioning by including LoS/NLoS indicators.
· FFS: assistance data enhancement by including LoS/NLoS Indictor at least for UE-based assisted positioning.
· FFS: assistance data enhancement by including prior channel statistics (e.g. distribution of Ricean K-factor)
· For LoS/NloS detection method(s), there is no additional measurement reporting or assistance data outside of LoS/NloS indicator reporting.
· Note: No RAN4 requirements are expected for the LOS/NLOS indicators 
· Note: LoS/NLoS indicators can be complimentary to outlier rejection algorithms. 


	Fraunhofer_v2
	On the usefulness of LOS/NLOS indicators compared to quality reporting; the quality may only include information such as the SINR, multipath or measurement standard deviations and not necessarily based on LOS/NLOS information. Having that said, we consider explicitly providing the channel state indicator as a quality reporting enhancement. For example the UE can for example signal a possible channel state change within the associated measurement reports, such explicit reporting is not achievable by the generic quality reporting.

On the issue raised by ZTE:
We think the need for AD or not can be concluded in the next meeting, at least we didn’t discuss any of the proposals regarding assistance data for LOS/NLOS reporting.  We are generally fine with the proposal from ZTE or with generalized channel indication (Inf, Umi,.. according to TR38.901) if discussions on the specific channel parameters is to be avoided. 


	CATT
	We think Qualcomm’s proposal about AD also can include the LOS indicator is interesting. In our point of view, the LOS indicator should be used by positioning engine to identify the LOS paths or compensate the NLOS paths. Therefore, for UE-based positioning solutions, the AD which including LOS indicator is definitely useful. However, for UE-assisted postioning solutions, we are not sure whether it is useful, maybe it can provide some priori channel information to help UE to derive the measurement reports or LOS indicator, but we pefer to let UE-assisted case as the FFS in this meeting. 
About the additional measurement reporting or assistance data outside of LOS indicator, we prefer to leave it FFS in this meeting.
So we are fine with the following revsion.
· Positioning assistance data is enhanced for UE-bAssisted/UE-based positioning by including LoS/NLoS indicators.
· FFS: assistance data enhancement by including LoS/NLoS Indictor for UE assisted positioning.
· FFS: additional measurement reporting or assistance data enhancement outside of LoS/NLoS indicator reporting (e.g. distribution of Ricean K-factor)
· For LoS/NloS detection method(s), there is no additional measurement reporting or assistance data outside of LoS/NloS indicator reporting.


	Lenovo, Motorola Mobility
	We also support the FL’s proposal. We are of the view that LOS/NLOS reporting metrics can be applicable and beneficial for both UE-B and UE-A positioning. FFS on further assistance data enhancements for both UE-A and UE-B positioning can also be further discussed in the next meeting. Additional FFS clarification could be added on whether the LOS/NLOS metrics are reported per existing Rel-16 measurements or if the granularity of the associated measurements extend across  resources/resource set/TRP. 


Updated Proposal (high priority)
FL view
Seems that some progress in the discussion has been reached. Issue #3 is also now included in the discussion. I have tried to take all companies views into account and strive for a balance that may be acceptable to all. I have also taken into account that the clear majority view in Issue 3 is to leave LoS/NLoS detection methods up to implementation. 

Proposal 1.1.2
· [bookmark: OLE_LINK2]Support LoS/NLoS indicators which are reported for DL, UL, and DL+UL positioning measurements taken at UE or TRP, for UE assisted positioning. 
· Positioning assistance data is enhanced for UE-based positioning by including LoS/NLoS indicators.
· For LoS/NLoS detection method(s), there is no additional reporting 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 complimentary to outlier rejection algorithms. 

Companies views:
	Company Name
	Comments

	vivo
	We have serious concern on this proposal and cannot accept this proposal.

The 3rd bullet leaves LoS/NLoS detection methods up to implementation and says no specication impact other than reporting of the indicator. Then Note 1 says RAN1 assumes no RAN4 requirements on this indicator. 
In case of UE-assisted positioning, how is LMF going to use the report from a UE? Take it for granted and trust whatever indicator reported by the UE? Is that trust reasonable when there’s nothing (detection methods up to implementation and no RAN4 requirement) to safe guard the report? We showed multiple times in our contribution that even a 5% error rate of LoS/NLoS detection will greatly degrade positioning performance (from sub-meter to meter). Are companies assuming that there will be no error at all in all scenarios for UE on the LoS/NLoS detection?
If we were to specify some feature, we want to make sure that feature is useful and the claimed benefits can be realized. Otherwise, what’s the point to specify it? 

	Ericsson
	While we appreciate the effort to make the LOS indicator useful, we do not think it provides a reasonable value on its own. Therefore before proceeding with agreeing on specifying indicators, we want to prioritize multipath reporting during the discussions. 

Regarding using indicators in assistance data, we are wondering if the solution could not already be in the specification. If the network is certain that a certain TRP is NLOS with the UE, it will not include it in the AD. If the TRP is not sure but is confident that other TRP are LOS, then it would prioritize the LOS TRPs in the AD. Thus we don’t think a LOS/NLOS indicator would provide much added value. 



	Samsung
	Support with FL’s proposal in general. LOS/NLOS indicators are supported by quite a number of companies, we do see the value of supporting this proposal in R17.  
BTW, one typo on the proposal:
      Note 2: LoS/NLoS indicators can be complimentary complementary to outlier rejection algorithms.
 
To vivo: For UE-A, one example of using NLOS indicators is that LMF can use the soft value indicator as the criterion for the reliability of the measurement reporting, i.e., LMF can performe weighted averaging on reported measurements.

	ZTE
	Our suggestion in last round was not addressed. How UE can map measured channel statistics into Los/NLos indicator would be a problem. If we want to make progress in this meeting, we prefer to discuss additional measurement reporting, assistance data in next meeting. Interested companies are encouraged to evaluate the need for measurement reporting, assistance data outside of LoS/NloS indicator reporting.
· Support LoS/NLoS indicators which are reported for DL, UL, and DL+UL positioning measurements taken at UE or TRP, for UE assisted positioning. 
· FFS: additional measurement reporting and assistance data outside of  LoS/NloS indicator reporting
· Positioning assistance data is enhanced for UE-based positioning by including LoS/NLoS indicators.
· For LoS/NLoS detection method(s), there is no additional reporting 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 complimentary complementary to outlier rejection algorithms. 


	Huawei, HiSilicon
	We support the proposal with the typo corrected by Samsung.

Reply to vivo:

There is various reporting information that has not been tested (RAN4, RAN5) either from performance perspective or protocol comformance perspective. We specified UE based NR positioning in Rel-16 without requirement at all, and other cases include measurement quality values, time stamp, etc. We could also even support the requirement/testing in future releases.

With regard to simulation, vivo have your claim of the concern using your simulation, while other claims the benefit using their simulation, but anyway how LMF utilizes the NLOS indicator from TRP (or from UE) can be up to LMF implementation. So I guess vivo have a justified reason not to support this feature, however you should not block the progress for the majority of others who consider it benecial, especially when there is little additional effort to support NLOS indicator with the above proposal.

Reply to ZTE:

Given that we have very limited time in Rel-17 for this feature, we think enhancements to include other parameters than the NLoS indicator should be low priority and the support in the current status is rather divergent. Let’s be realistic for now.
At least from our side, the assistance information for the UE/TRP to generate the NLoS indicator, if specified, can be from the NWDAF, rather than the LMF.

	CATT
	Support the proposal.(of course, the typo should be corrected).
In fact, we also think additional measurement reporting and assistance data outside of  LoS/NloS indicator reporting(e.g., Ricean K-factor) will benefit the LOS identification, but for the sake of progress, we can compromise to accept the third main bullet(i.e., there is no additional reporting or assistance data outside of LoS/NloS indicator reporting).

	Fraunhofer
	The concerns from vivo are justifiable and it can happen that a LOS/NLOS condition with high probability is wrongly selected by the UE or TRP. One way we think can provide more transparency to the LMF is to allow the UE to report a soft indicator for each channel state (LOS, NLOS). The detection for LOS and NLOS is independent so even if a UE identifies a LOS with 100% probability it can identify with X% probability as well.
Having that said, we support the FL proposal for progress but we are of the view that we need to discuss the details on Issue#2 further.


	FL
	To ZTE, the reason your comments were not included were that there seems to be multiple companies that are opposed to the changes you suggest. Also taking into consideration the discussion under issue #3 there seems to be clear majority that do not want to specify additional information (15/17, with CATT also willing to compromise). 

To vivo, my understanding is also that in the past there have been many features that don’t have RAN4 requirements but that does not mean they are not useful. 

While this proposal is not fully stable it may be the best chance for progress in this area. I would still suggest online discussion to see if the concerns can be addressed by other companies.



Issue #2: Indicator Values
One issue discussed by many companies is the value of LoS/NLoS indicators if introduced. During RAN1#105-e the following agreement was reached: 
Agreement:
· Study reporting of LoS/NloS indicators for DL, UL, and DL+UL positioning measurements taken at both UE and TRP at least for UE assisted positioning. 
· Study the following options (or combinations of the following options) for LoS/NloS indicators
· Option 1: Binary (i.e., hard) value indicators
· Option 2: Soft value indicators (i.e., [0,1]). 
· FFS: Format and criteria for determination 
· FFS: additional information or options
· FFS: LoS/NloS indicators for UE-based positioning

In this section we list the specific proposals from other companies related to this agreement here: 
· [2]
· Proposal 3:  Support the LOS/NLOS indicator is reported with soft value between 0 and 1.
· [5]
· Proposal 1: Support UE positioning measurement report with LOS/NLOS identification. It can be reported as soft value indicators (i.e., [0,1]).
· [6]
· Proposal 1: The NLOS/LOS indicator is a soft decision (i.e., [0,1]).
· [9]
· Proposal 1: To improve positioning accuracy by regularization techniques, use of LOS indicators as soft values for each link for UE-assisted and UE-based positioning should be supported.
· [10]
· Proposal 6: Binary value should be used for LOS/NLOS indicators for both UE-A and UE-B positioning methods.
· [13]
· In order to increase the positioning accuracy, LOS-likelyhood value (option 2) can be reported in conjunction with positioning measurement.
· UE does not necessarily to report positioning measurement (e.g., RSTD(s), UE Rx-Tx time difference, and etc.) corresponding to certain TRP determined with NLOS.
· [14]
· Proposal 1: Support reporting of LOS/NLOS indicator for DL, UL, and DL + UL positioning measurements taken at both UE and TRP in the following format:
· Soft value indicator distributed in the range [0, 1] showing the probability of NLOS link detection, where 0 indicates pure LOS channel, and 1 indicates pure NLOS channel
· [17]
· Proposal 1: Support introducing binary value LOS/NLOS indicator.
· [18]:
· Proposal 2: Slightly prefer Option 2 with soft value indicators for LoS/NloS identification if no other assisted information is specified.
· Proposal 3: Support to select hard LoS/NloS indicator or assisted information to be reported to LMF for LoS/NloS identification depending on the probability of LoS/NloS.
· [19]:
· Support a soft value for the channel state indicator according to option 2. The channel state indicator shall include following information:
· Channel state: LOS, NLOS
· Confidence: an indication of the confidence in the provided channel state
· FAP Quality:  an indication of the quality of the FAP (OLOS)
· Secondary channel state (optional): LOS, NLOS
· Secondary channel confidence (optional): an indication of the confidence in the secondary channel state
· Occurrence (optional): provides the percentage that a channel state occurred over a period of time. This field is present for the case the channel state is not reported per measurement (i.e. reported for multiple measurements).
· [20]
· Proposal 1: Consider the use of an adaptive threshold to enable LOS/NLOS classification using either Option 1: Binary indicators and/or Option 2: Soft metrics.
· Proposal 2: Support UE reporting of RSTD, UE Rx-Tx time difference and/or DL-PRS RSRP associated with Option 1 (binary metrics) or Option 2(soft metrics) LOS/NLOS indicators on a per beam basis.
· Proposal 3: Specify a separate LOS/NLOS measurement window, where the applicable LOS/NLOS positioning measurement is considered valid. This motivation of the LOS/NLOS measurement window is separate from the measurement timestamp reporting in AI 8.5.1. FFS further details such as length of the measurement window(s), configuration of periodic/aperiodic measurement window(s).
· [22]:
· Proposal 1: The indication of soft value in interval [0, 1] should be reported from UE to the LMF for all the positioning methods.
Round #1 Discussion
Feature Lead View
Most companies seem interested introducing “soft” LoS/NloS indicators. With that in mind the follow proposal may be a good starting ground:

Proposal 2.1
· If LoS/NloS indicators are supported in Rel-17, their value is in the interval [0, 1]. 

Companies views:
	Company Name
	Comments

	Huawei
	Support.

Soft value provides more degree of freedom such that the LMF would be aware of which link has higher LoS/NloS probability. On the other hand, it could be left to the LMF to do the hard decision.

	Vivo
	This proposal can be further discussed if conclusion of Proposal 1.1 is achieved.

	China Telecom
	We prefer the LoS/NloS indicator in binary value, and the assistant information indicating the uncertainty of the indicatior can be reported at the same time. Since the identification methods for can be implement based, it’s hard to find a criteria for deciding the specific soft value for all the methods. However, we are also fine with the softvalue in the interval [0, 1] if  a common criteria can be reached.

	Intel 
	Support 

	Xiaomi
	Support. Soft value can provide more information about the probability of the LoS/NloS.

	ZTE
	Support.

	SONY
	Support

	CATT
	Support.
The soft value can provide more information to LMF than the hard decision.

	Nokia/NSB 
	Support 

	OPPO
	Have concern on this proposal because it is not possible to standardize soft value. What does it mean if UE reports 0.6? Different UE might implement different method to calculate such a value and there seems not possible for RAN4 to test it.  

	Fraunhofer
	Support. 

	Huaweei, HiSilicon
	To OPPO:
How about the quality of RSTD/Rx – Tx time difference/UL RTOA/UL AOA?

	LG
	We have the same view with vivo. We think that the proposal varys depending on the result of Proposal 1.1. So, we prefer to deal the proposal 2.1 as a lower priority than proposal 1.1.

	Futurewei
	Support and also agree that 2.1 is something that comes after 1.1

	Lenovo, Motorola Mobility
	Support, however it would be beneficial to have further clarity on whether separate indicators for LOS and NLOS will be ignaled.

	FL
	To Lenovo, others, 
The intention of the proposal in my understanding is that a single indicator is reported and that 1 = LOS and 0 = NLOS. 

To OPPO, 
The intention in my understanding is that e.g. 0.6 would mean that the UE feels it is 60% chance the measurement/link is LOS. Same understanding as Huawei that a soft value has zero impact on RAN4 tests. There many parameters that fall into this category. 

	NTT DOCOMO
	Considering LoS/NloS detection method is up to UE/TRP, binary value may be enough to report LoS/NloS status. However, we can accept the proposal (i.e. introducing soft value indicator).

	Samsung 
	Generally fine.
But we feel this indication should be together with UE capability, not only on whether UE can report the identification; but also on whether UE can only report the hard decision or soft decision, e.g., for some UE with certain alrgorthim, it may only derive 0, 1 without reliable soft probability. So when LMF gets the value, e.g., 1; LMF needs to know the “1” means the UE is fully confident or the UE is just capable of 0, 1. We believe there will be difference for LMF to treat the value.


Feature Lead View
The proposal seems agreeable to all companies if indicators are agreed to be supported. Suggest to wait for progress on proposal 1.1.1 before taking up online discussion on this topic.
 Round #2 Discussion
Feature Lead View
Most companies seem interested introducing “soft” LoS/NloS indicators. It is a good point that the specific values may be discussed during UE capability as well. With that in mind the follow proposal may be a good starting ground:

Proposal 2.1.1
· For LoS/NLoS indicators, their value is in the interval [0, 1]. 
· Exact values supported within the interval are subject to UE capability.

Companies views:
	Company Name
	Comments

	Fraunhofer
	For the main bullet, we think it beneficial to allow the UE to report the soft values for each channel state, such as:
· LOS indicator value is in the interval [0, 1].
· NLOS indicator value is in the interval [0, 1].

The motivation here is to provide the LMF reliable information on the indicators; with the knowledge that the distribution function of the metrics applied for detection overlaps and determination for each channel state can be independent. 

We propose following modification:
· For LoS/NLoS indicators, a single channel indicator for each LOS or NLOS where value is in the interval [0, 1] can be reported. 
· Exact values supported within the interval are up to UE/TRP/LMF implementation.

Assume the subbullet  intention is to say that exact are up to UE implementation (while indicator reporting is subject to UE capability),


	Qualcomm
	We prefer a single LOS/NLOS flag and not 2. 

	Huawei, HiSilicon
	We think a single flag is needed. The flag is taken discrete values in the interval [0, 1]. So we support the proposal.

	InterDigital
	Considering overhead, what was clarified in the preivous round by Nokia, i.e., an indicator between [0,1] where 1 and 0 indicate the link is LOS and NLOS, respectively, is sufficient. What “1” and “0” indicate can be clarified as a note in the proposal, e.g., “The indicator value of 1 and 0 indicate that the link is LOS and NLOS, respectively”.

	OPPO
	We prefer to report a single hard value to indicate that it is either LOS or NLOS.  And we do not prefer a soft value that takes value within [0, 1]. The reason is there is no way to align the definition of soft value on a NLOS indicator.  For instance, if a UE or gNB reports 0.3, how to ensure the LMF and UE/gNB have the same understanding on this value. 

	CATT
	Support.
Firstly, we think a single flag is enough, no need to define two flag for LOS and NLOS separately.
Secondly, we prefer to define a soft value within [0,1] instead of hard values, since the soft value can provide more information than hard values. The soft value can be interpreted as LOS probability or NLOS probability for both the UE/gNB and LMF.

	China Telecom
	As we have commented at the 2nd round, we prefer a binary value instead of a soft value. The reason is similar to OPPO, since there is no unified LoS/NLoS detection method, the soft value is not enough for the LMF to make the decision, otherwise why can’t this decision be made at the UE/gNB side? If extra information is needed for LMF to make further determination, then why not just report a binary value?
We are fine to use the soft value, but it seems no need to do so, only if the detection method or the meaning of the soft value can be further unified. And a single flag is enough.

	vivo
	The sub-bullet is unclear to us.  Could proponents further explain what is “Exact values supported within the interval are subject to UE capability”?

	Lenovo, Motorola Mobility
	Our understanding from the FL’s updated proposal is that a single flag is required indicating multiple soft values that are to be reported between the interval 0 and 1 indicating the probability of either LOS and NLOS. The current wording of the proposal maybe ambiguous and therefore clarification is needed that a single flag is supported. Although we are open to both binary and soft values, would prefer a binary flag as a comprise for addressing companies concerns on aligning the soft LOS/NLOS metric definition at UE/gNB and LMF and issues related to UE capability. 

	ZTE
	Our understanding is that the LoS/NLoS indicator should be associated with a measurement result (or a RS ID), which indicates the LOS probability of the channel experienced by the RS. We prefer a soft value with granularity of 0.1 between the interval [0 1]. The soft value can provide more information for LMF to decide the reliability of the indicator.

	FL
	To vivo, the intention of the sub-bullet was to say that some UEs may support only binary values while other UEs may support soft values. I thought this was the proposal from some proponents but may have misunderstood. No strong view from my side if we keep or remove it. 

To Fraunhofer, my assumption was that Prob(LOS) = 1 – Prob(NLOS) so therefore 1 value was sufficient. Could you explain more the motivation for having two values? 

	Fraunhofer_v2
	To determine the channel probability, we assume the channel state analyzer will weigh measured channel parameters against the reference expected values/ranges.

One way is to evaluate the measurements according to either the LOS or NLOS channel states. The UE/TRP evaluates for example the LOS probability of a link and derives the soft value accordingly, in this case the assumption you make is valid. 

The reference expected values are different for the LOS and NLOS channel (and probably the weighting as well). The channel state analyzer can estimate the Prob(LOS) and Prob(NLOS) where the sum of both is not necasserly “1”.

The whole point here is to allow the LMF to make better use of the reported indicators so even if the first indicator reports on the first channel state 0.9 LOS probability and for the other NLOS state 0.4 so that the LMF will not completely fall in case of a single 0.9 reported value. 

The second soft value reporting can be anyhow optional and conditional on the first reported soft value.

	Xiaomi
	Support. 
We prefer soft value instead of hard value. Since soft value provide the probability of LOS/NLOS information. 
In addition, we think the granunarity is also needed to be defined for the soft value report.

	Samsung
	Support.
We prefer a single flag which could be either the probability of LOS or NLOS.

	Intel 
	Support the proposal. Single inidicator is needed with the descrete values within the range from 0 to 1. 

	CEWiT
	We support reporting of single flag indicating either LoS or NLoS probability with discrete value in interval [0,1]. 

	Ericsson
	We’re OK with the proposal, and also think that a single soft value is ok. 

	SONY
	Support and single soft value is OK.



Issue #3: LoS/NloS identification methods (CLOSED - merged with Issue 1)
One issue discussed by many companies is which LoS/NloS identification method(s) should be used. During RAN1#105-e the following agreement was reached: 
Agreement:
As part of studying LoS/NloS information reporting, study at least the following options for information to enable/assist LoS/NloS detection: 
· Option 1: Polarization information reporting from UE/gNB to LMF. 
· Option 2: Coherence bandwidth information reporting from UE/gNB to LMF. 
· Option 3: Propagation time difference information reporting from UE/gNB to LMF. 
· Option 4: RSRP reporting from UE/gNB to LMF with finer granularity
· Option 5: Ricean factor and the variance of Channel Frequency Response (CFR) information reporting from UE/gNB to LMF
· Option 6: No specification impact outside of LoS/NloS reporting
Note: Companies are encouraged to identify differences in information reporting and any performance gains compared with multipath information reporting

In this section we list the specific proposals from other companies related to this agreement here: 
· [2]
· Proposal 4:  The LOS/NLOS identification methods are left up UE/gNB implementation.
· [3]
· Proposal 1：Support UE /TRP to report coherence bandwidth information to LMF for NLOS mitigation, where the coherence bandwidth information can be hard indicator, soft indicator or measurement reporting derived from coherence bandwidth.
· [4]
· Implementation-based solution should be considered to solve NloS problems.
· Before we decide which LoS/NloS information can be reported, verify the effectiveness of LoS detection methods correspond with different LoS/NloS information reporting.
· Whether different LoS identification method should be applied to different positioning method should be confirmed.
· [5]
· Proposal 2: The method/techniques of obtaining LOS/NLOS identification is left for UE implementation
· Proposal 3: Support gNB to provide gNB/TRP antenna polarization to LMF and subsequently, LMF to provide such information to UE.
· [6]
· Proposal 3: For LOS/NLOS information reporting, adopt option 6, i.e., there is no specification impact outside of LoS/NloS reporting.
· [7]
· Proposal 1: For the LOS/NLOS identification, support UE/gNB to report at least the Ricean factor and the variance of Channel Frequency Response (CFR).
· [8]
· Proposal 2: How a UE/TRP determines a LoS/NloS indicator is left to implementation (i.e., option 6 of prior agreement).  
· Proposal 6: RAN1 to study LOS/NLOS identification methods computed in LMF localization processing.
· Proposal 7: Introduce LoS/NloS identification assistance information for both DL and UL channels from LMF to UE/gNB.
· Define both NRPPa and LPP messages
· Format of the assistance information/status report is FFS (i.e. hard bit indication, quality metric or probability)
· PHY/L1 can monitor CIR corresponding to the assistance information and report it back to LMF optionally. 
· Support the LoS/NloS identification for both UE-based and UE-assisted positioning methods.
· [10]
· Proposal 1: The K factor derived from RSRP of multipath should be used for LOS/NLOS identification.
· Proposal 2: The angle, relative timing of additional paths can be used for LOS/NLOS identification as auxiliary information.
· [11]
· Proposal 1: Rel-17 supports implementation-based solutions for NLOS mitigation.
· [13]
· For LOS/NLOS identification, RAN1 needs to consider at least following method based on: 
· Polarization characteristic
· Propagation time difference threshold/window between a reference and a target TRP. 
· [15]
· Proposal 1: Support Option 4 (RSRP reporting from UE/gNB to LMF with finer granularity) to enable/assist LoS/NloS detection
· [19]	
· Proposal 4: LMF provides the UE with information on the channel model or channel parameters to enable channel state identification.
· [21]
· Following measurements should be specified in Rel-17 to support signature-based methods. These measurements can be part of rich reporting.
· Delay and magnitude of the first peak.
· Delay and magnitude of the highest peak.
· Components of PDP/CIR around first/highest peak. 
· A LOS/NLOS indicator reported by a UE/TRP should be coupled with an information element that states what kind of measurement or analysis that was used to obtain it.
1.1.1.1 Round #1 Discussion
Feature Lead View
Summary of support for the various options is:
· Option 1: LGE, Sony(?)
· Option 2: ZTE
· Option 3: LGE
· Option 4: IDC
· Option 5: CATT, China Telecom
· Option 6: Huawei, Sony, Samsung, Nokia, Intel
There is also a proposal from Ericsson to include in the LOS/NLOS indicator report information about method used. These details could be discussed during UE capability signaling or after making progress on indicators in general. We have only proposed to continue discussion on the options which received at least two companies support in the contributions. With that in mind the follow proposal may be a good starting ground:

Proposal 3.1
· Down select between the following alternatives for LoS/NloS detection method:
· Alternative 1: Support Ricean factor and the variance of Channel Frequency Response (CFR) information reporting from UE/gNB to LMF
· Alternative 2: Support polarization information reporting from UE/gNB to LMF. 
· Alternative 3: No specification impact outside of LoS/NloS indicator reporting.

Companies views:
	Company Name
	Comments

	Qualcomm
	Alternative 3

	Huawei
	Support Alt. 3.

The LoS/NloS detection is performed at UE (DL), TRP (UL), or both UE and TRP (DL+UL), the specific method is up to the UE/TRP implementation without spec impacts.

	Vivo
	We are okay to study to down select associated LOS/NLOS identification method(s) based on the error rate. But we have some concerns about specific information reporting (especially for polarization information).
In addition, in our evaluation, the correct rate of LoS detection varies with the scenarios.     Especially in the DH scene, the accuracy deteriorates seriously. Whether need RAN4 involvement to guarantee the worst performance?


	China Telecom
	We proposed the Alt 1in our contribution, but we are fine with Alt 3. The implementation based method can be more flexible according to the scenario.

	Intel 
	Alt. 3. Support soft value indicator, [0, 1].

	Xiaomi
	Support Alt 3

	ZTE
	Although we may not get consensus to support measurement reporting. We want to emphasize that measurement reporting is superior to NLOS indicator in following aspects,
· The NLOS indicator mean UE/gNB has to scale or normalize the measurement results locally, which assumes that the measurement result is linear distribution. However, some of channel parameters, for example Ricean factor, which normally belongs to lognormal distribution.
· Measurement reporting scheme has the best performance among the three LOS identification schemes since priori statistical information of the channel parameter (e.g. the distribution of the channel parameter) can be utilized.

	SONY
	We consider there is no spec impact on how the UE performs the calculation. However, the UE can be assisted. Hence, we propose Alt.4: Assistance information on polarization information to facilitate LOS/NLOS indicator reporting is provided to UE. 

Here, UE can be assisted to facilitate LOS/NLOS indicator reporting (for DL-based positioning). The way how UE compute/calculate LOS/NLOS is UE implementation.

	CATT
	We support Alt.1.
According to our simulation results, using Alt.1 method in InF-DH scenario, the success rate of selecting 4 LOS TRPs out of 18 TRPs is close to 96% based on NLOS indication information derived from the Ricean factor and the variance of Channel Frequency Response (CFR) information reporting. 
If we choose Alt.3 and without specification supporting, we worried about the performance will degrade much. In our point of view, proper UE/gNB reporting to LMF will benefit the performance of NLOS identifications.
Table 1: Simulation result of LOS identification probability () 
	CASEs
Scenarios
	Identification Probability
(selecting 4 TRPs from 18 TRPs)

	InF-SH
	100%

	InF-DH
		96%




	Nokia/NSB 
	Support Alt. 3.  

	OPPO
	Alt.3.  How to detect/identify NLOS and how to suppress the impact of NLOS is up to UE implementation.

	Fraunhofer
	We support a different proposal, subject to progress on issue 1:
· Support LMF to provide the UE with information to enable LOS/NLOS idincators reporting.
· FFS: Details on the information (channel model, channel parameters …)


	LG
	In the previous meeting, we already agreed to FFS about various options as shown above. But, we think that some of options  are not reflected in this proposal. Frankly, even though we prefer to preserve the option 3 into the proposal, we also agree with Alt.3 for the smooth progress.

	Futurewei
	Alt 3.

	Lenovo, Motorola Mobility
	Support Alt 3. 

	FL
	To LG,
The options included in the proposal are only the ones that received at least 2 companies supporting it in contributions. We have to downselect in my understanding and this seems a reasonable way to do so. 

To vivo,
I don’t understand how your comment impacts the proposal. Could you elaborate? Clearly companies looked at the error rate of the different techniques when they decided which ones to support. The specific rate depends on the environment but I am not clear how that has any impact on the potential specification impact of different methods.  

	Ericsson
	Alt 3

	NTT DOCOMO
	Support Alt.3. We think Los/NloS detection method can be left to UE/TRP implementation.

	Vivo
	To FL
We mean UE doesn’t know where it is, but error rate of Los detection for some methods depends on where it is (e.g. error rate varies for some methods in SH and DH scenario).  Especially  in DH scenario, the R17 targect may not be achieved based on some methods. So we are worried whether the UE can choose a suitable NLOS identification method without the information about its environment or scenario.


1.1.1.2  Round #2 Discussion
Feature Lead View
Alt. 3 seems to have a clear majority. I would suggest we either agree to the list with down-selection to happen at RAN1#106-bis or agree directly to Alt. 3:

Option 1:
Proposal 3.1.1
· Down select at RAN1#106-bis between the following alternatives for LoS/NloS detection method:
· Alternative 1: Support Ricean factor and the variance of Channel Frequency Response (CFR) information reporting from UE/gNB to LMF
· Alternative 2: Support polarization information reporting from UE/gNB to LMF. 
· Alternative 3: No specification impact outside of LoS/NloS indicator reporting.

Option 2: 
Proposed Conclusion:
For LoS/NloS detection method(s), there is no specification impact outside of LoS/NloS indicator reporting. 

Companies views:
	Company Name
	Comments

	CATT
	Option 1.
We prefer to agree the list at this meeting and further down-select at RAN1#106-bis.

	Fraunhofer
	We are fine with either options.

In option2, the conclusion is more general than the alternatives. What was discussed is that: For LoS/NloS detection method(s), there is no additional reporting from UE/gNB to LMF outside of LoS/NloS indicator reporting. We think AD from LMF to UE/gNB still need to be discussed. 

	OPPO
	LOS/NLOS identification is part of UE implementation. 

	China Telecom
	We are fine to both the Options. But we preferred that a common detection method can be defined for most scenarios, such as Alt1/Alt2 in Option 1, so that the LMF can better aware of the uncertainty of the LoS/NloS indicator.

	ZTE
	Fine with either options. The current wording of Option 2 is too restricted,
For LoS/NloS detection method(s), there is no additional measurement reporting specification impact outside of LoS/NloS indicator reporting. 


	Huawei, HiSilicon
	Option 2.

	Xiaomi
	Fine with either Option

	Intel 
	Option 2

	CEWiT
	Support Option 2.

The Rician factor and variance of Channel Frequency Response (CFR) conveys the similar information which is about the presence of a dominating path in the power delay profile of the UE-BS channel. In many scenarios, specially at FR2, these parameters could be misleading.  
Moreover, the end objective is to convey information about the presence of LoS path. If these parameters are reported to LMF, the LMF has to extract the LoS/NLoS information. The same processing can be done at the UE end itself and a LoS/NLoS indicator in the range [0, 1] can be reported. This can reduce the reporting overhead.
So, we don’t see a clear benefit in supporting Alternative 1.

	Nokia/NSB
	Support Option 2 but we can accept Option 1 and down-select next meeting. 

	FL
	Seems that most companies are supportive or okay with Option 2. Suggest the following modified proposed conclusion: 
Proposed Conclusion:
For LoS/NloS detection method(s), there is no additional reporting or assistance data outside of LoS/NloS indicator reporting.

	Apple
	Support the proposed conclusion

	LG
	Support the proposed conclusion (option 2)

	Sony
	We consider assistance data can help the UE to perform the LOS/NLOS measurement. However, for the sake of the progress, we can accept Option 2.

	NTT DOCOMO
	Support the proposed conclusion

	InterDigital
	Support Option 2

	Lenovo, Motorola Mobility
	Fine with conclusion stated in Option 2.

	ericsson
	Support the conclusion



Issue #4: Enhanced multipath reporting (CLOSED)
Many companies also propose enhancing the reporting from UE/TRP during positioning sessions in order to enable the LMF to determine the LoS/NLoS status or to perform outlier rejection. Some companies seem to view this as an alternative to UE/TRP reporting LoS/NLoS indicators while other companies support both enhancements. At RAN1#
Agreement:
· Study multipath reporting enhancements for DL, UL, and DL+UL positioning to enable LoS/NLoS/multipath identification and mitigation at the LMF for UE-assisted positioning. 
· FFS: Details of the enhancements.

Some specific proposals are included in other sub-sections, in particular those aimed at specific positioning methods, while other more general ones are captured here: 
· [2]
· Proposal 8:  Extend the number of additional paths for a measurement to 8. 
· [4]
· For multipath reporting enhancements to enable LoS/NLoS identification, the method and effectiveness to do LoS/NLoS identification with multipath information should be confirmed firstly.
· [8]
· Proposal 3: Support NLOS/multipath enhanced reporting from the UE/TRP to the LMF to enable the LMF to calculate the probability of NLOS.
· Proposal 4: Support multipath reporting enhancements from TRP to LMF of angle, timing, and power for the additional N paths. FFS value of N.
· [21]
· For rich multipath reporting, it shall be unambiguously defined what additional paths a UE shall report.

Round #1 Discussion
Feature Lead View
Overall, many companies seem to propose additional reporting elements as part of UE/TRP reports to LMF which will enable the LMF to determine LoS/NLoS status and/or perform outlier rejection. The specific elements may need more time to converge and the details could potentially be discussed as part of some subsequent proposals in this document. 

Proposal 4.1
· Multipath reporting enhancements for DL, UL, and DL+UL positioning to enable LoS/NLoS/multipath identification and mitigation at the LMF are supported, for at least UE-assisted positioning. 
· FFS: Details of the enhancements.

Companies views:
	Company Name
	Comments

	Qualcomm
	Generally supportive, but it appears to me that it is unclear how this proposal interacts with the detailed proposals shown in Section 3.5 and 3.6.  

	Huawei
	In general, we think that multi-path reporting is beneficial. On whether to use it for NLOS identification could be up to LMF.

	vivo
	It is unclear for us since 3 paths reporting have been supported.
For us, the benefit of more than 3 path reporting is limited in the equation-based positioning methods since no matter how many paths are reported, only one best path is helpful for a TRP in the equation.

	China Telecom
	Support in general. The details need to be further discussed.

	Intel 
	We suggest to discuss more detail proposals provided below. 
In our view this agreement is not necessary. 

	Xiaomi
	We suggest to discuss the details first.

	ZTE
	The proposal is too general. Prefer to discuss the issue one by one in the following sections.

	SONY
	It is too high level, not sure if we need to make such agreements. 

	CATT
	We prefer to discuss the details of enhanced multipath reporting in section 3.5 and 3.6.

	Nokia/NSB 
	Support. Okay to directly discuss more details agreements if that is the preference from companies.  

	OPPO
	Support in principle

	InterDigital
	We support the FL’s proposal.

	LG
	We generally agree to the intention of the proposal. But, since the proposal looks so general, we think that more detailed descriptions need to be added.

	Lenovo, Motorola Mobility
	Ok to discuss

	FL
	Okay, seems like consensus is to take the detailed proposals directly. I propose to close discussion on this issue then. 


Issue #5: UE to LMF multipath reporting enhancements
Many companies discuss multipath reporting enhancements from the UE to the LMF. The relevant agreements from RAN1#105-e are copied here and the proposals in company contributions are copied below it. 
Agreement:
For multipath reporting enhancements, study reporting from UE to LMF, relative timing of additional paths (additional to the first path) and the power (at least relative power) at least per DL PRS resource per additional path for at least DL-AoD reporting (the number of paths is part of the study).
Agreement:
· Study whether to support up to N>2 additional paths in the measurement reports from UE to LMF for at least DL-TDOA and multi-RTT,
· FFS: Exact value of N. 
· FFS: reporting the power of the paths in addition to the timing. 
· FFS: LMF requesting additional M non-distinct paths corresponding to the first path.
· Note 1: This agreement applies to N additional paths (i.e., not including the “first” path).
· Note 2: Rel-16 supports N=2 already. 
RAN1#106-e company proposals:
· [2]
· Extend the number of paths for a measurement to 8 and support reporting for each path
· TOA information defined relative to the first path (only for the additional paths)
· 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
· Proposal 9:  Support the following reporting of each path
· Single TOA Information (relative TOA to first path for additional path)
· Single power information  (relative strength to first path for additional path)
· Phase information
· Proposal 10:  Support the CIR reporting (including phase and amplitude) with non-distinctive paths only associated with the first path.
· [3]
· Proposal 2: Postpone the discussions on path-specific RSRP of additional paths and timings of N>2 additional paths
· [4]
· N=2 additional paths in the measurement reports from UE to LMF are enough at this stage for positioning.
· [6]
· Proposal 2: Support the indication of the uncertainty range of the first arrival LOS path to UE/TRP.
· [7]
· Proposal 2: Support UE and/or gNB to report the multipath information measured from multiple antennas for multipath/NLOS mitigation. These multipath information may include the CIR, CFR, pseudo-spectrum, etc., obtained from the first N>=1 most powerful paths of each antenna.
· [8]
· Proposal 5: Support multipath reporting enhancements from UE to LMF of relative timing of additional paths for N> 2 and the relative power of those paths.
· [10]
· Proposal 8: UE should report angle, timing and power(RSRP) per DL PRS resource per additional path to LMF at least for DL-AoD.
· [11]
· Proposal 2: In DL-AoD measurement reporting, the UE reports the relative time-of-arrival of each reported DL PRS resource in addition to the RSRP report.
· Proposal 3: In DL TDOA and Multi-RTT measurement report, the UE reports the RSRP measurement of each reported additional path and the maximum number of additional paths remains to be N = 2.
· [12]
· Proposal 1: Support a UE to report to the LMF additional time-domain paths (beyond 2 paths which is already specified) and their corresponding relative powers associated to a PRS resource
· Applicable to both RTT and DL-TDOA methods
· Support at least [8] total paths to be provided per PRS resource
· [14]
· Support relative power PR in [dBm] and phase φ measurement in [deg] reporting associated with the relative time delay of additional path with the total number of additional paths equal to N (N > 2) for DL, UL, and DL + UL positioning methods:
· PR,n = 10 × lg(Pn/P) indicates the relative power measurement in [dBm] for the nth path, where Pn is the power of the nth path, P is the total receive power corresponding to the measured DL PRS-RSRP or UL SRS-RSRP value within the considered measurement frequency bandwidth
· The PR,n parameter is defined in the finite range [-X, 0], where X defines some threshold in [dBm] identifying the level of sensitivity for receive power
· The granularity (or step size) of the measured PR,n parameter is set equal to Y in [dBm], identifying the sufficient level of accuracy, required in the measurements 
· φ indicates the phase measurement in [deg] for each additional path, that can be defined with the resolution of 1 [deg] or 0.1 [deg]
· FFS: X in [dBm], Y in [dBm] (up to RAN4 discussion)
· FFS: exact value of N
· [15]
· Proposal 2: A UE reports multiple UE Rx-Tx differences associated with a PRS resource in the presence of multiple paths between TRP and UE, where each UE Rx-Tx difference is associated with each detected path.
· [16]
· Proposal 2: For both UE-based and UE-assisted methods, the relative power of the first detected path to the measured RSRP is also measured and reported.
· [18]
· Proposal 1: To indicate the first arrival path by reporting the arrival time in the PRS measurement report.
· Proposal 4: Support to reuse PRS for identifying LoS/NLoS.
· [19]
· For multipath mitigating, study signaling and reporting enhancements based on the characteristics of the first lobe. The enhancements can be coupled with measurement reliability indicators derived from the parameters of the correlation function.
· Proposal 2:   Support LMF requesting non-distinct path reporting as “Equal spaced path reporting” (ESPR) for the power and timing of M paths at a sampling frequency is defined by the numerology.
· FFS: value of M and additional message
· Proposal 6: Support the UE to measure and report phase information over multiple time instants.
· [21]:
· The number of additional paths N should be large to enable accurate LOS/NLOS detection.
· For each additional path, report at least:
· the path power,
· the path delay.
· [22]
· Proposal 2: For multipath mitigation,reporting of path specific RSRP, RTOA/TDOA and angle of arrival for both UL and DL based schemes for every SRS/PRS resource configured.
· Proposal 3: For multipath mitigation , reporting of up to 16 additional paths should be supported for measurement reports from UE to LMF and from TRP to LMF.
Round #1 Discussion
Feature Lead View
Many companies propose many different enhancements though there are clear majorities on some topics. As such we have split them into the following proposals for discussion:  
[bookmark: _Hlk80013183]Proposal 5.1
· For multipath reporting enhancements, support reporting from UE to LMF, relative timing and the relative power of N additional paths for at least DL-AoD reporting. 
· FFS: Value of N. 

Companies views:
	Company Name
	Comments

	Huawei
	Support N = 8.

	vivo
	Firstly, we don’t think timing reporting should be discussed here since it is not supported in AoD before.
In addition, for additional path RSRP reporting, we evaluated the performance gain of DL-AoD with RSRP information for the additional paths, where 3 additional paths are reported and the one with strongest RSRP is chosen to calculate location. From the evaluation results, we can see that with an accurate first path selection method, reporting more additional paths have no performance gain, which can only approach the accuracy of the first path.
[image: ]

	Xiaomi
	Support in pricinple. We suggest to make it more clear. 
Proposal 5.1
· For multipath reporting enhancements, in addition to the first path, support reporting from UE to LMF, relative timing and the relative power of N additional paths to that of the first path for at least DL-AoD reporting. 
· FFS: the maximum value of N. 


	ZTE
	We prefer to agree the first path RSRP and first path timing  in DL-AOD agenda before we discuss additional paths.

	CATT
	Support in principle.
We think UE reporting of relative timing/power, phase and CIR/CFR information of additional paths to LMF will benefits the NLOS detection and improving the positioning accuracy.
We prefer the following revision with one additional FFS:
Updated Proposal 5.1
· For multipath reporting enhancements, support reporting from UE to LMF, relative timing and the relative power of N additional paths for at least DL-AoD reporting. 
· FFS: Value of N. 
· FFS: Other reporting information from UE to LMF, such as phase information, CIR and CFR, etc.


	Nokia/NSB
	Support

	OPPO
	Support, and N can be FFS. However, N = 8 seem to be too large.

	InterDigital
	This topic can be discussed along with the definition related to first-path RSRP in AoD AI.

	LG
	For clear understanding, we prefer Xiaomi’s version and we also agree with the principle.

	Qualcomm
	We think it is lower priority for DL-AoD to have a multipath/PDP reporting. DL-AoD is a method that uses power information, having the relative difference between paths is not as usefulas for the timing methods. We suggest to make first progress in the TDOA/M-RTT/UL-AoA, and if we have agreements there, we can come back to this one. 

	Ericsson
	Support. For the value of N, we think the value can be larger depending on UE capability. We also propose that all N values across methods should be the same.  The rewording of Xiaomi is ok with us.  

We also should discuss how the UE select/is requested to choose  the repored paths (strongest peak, etc. ). This can be left FFS. 


Proposal 5.2
· For up to N additional paths, support reporting relative timing and power in the measurement reports from UE to LMF for at least DL-TDOA and multi-RTT
· Support one of the following options for maximum value of N 
· Option 1: N = 4
· Option 2: N = 8
· Option 3: N = 16

Companies views:
	Company Name
	Comments

	Fraunhofer
	We are fine with the first bullet for N>2 while adding an FFS on the definition of the N additional paths.
Unlike N=2; the N reported additional paths is inconclusive for the LMF. Assuming that it is up to UE implementation to select the N paths, the usage by the LMF for the additional paths differs for different reporting, such as
· N strongest paths
· Permanent N paths over multiple instants
· “N”/M non-distinct paths 
· First N detectable paths
· First N paths following a reference path
· …

The N additional paths shall not unambiguous as proposed in [21]. The values on N is subject to the usage Rel-17 would introduce from such a reporting. 
 

	Qualcomm
	Support this proposal, assuming that the corresponding Proposal 6.1 is also agreed. For M-RTT, both are needed, and we prefer to be added all together. We are OK to leave it up the value “N” and decide next meeting. 


	Huawei
	Support.

	China Telecom
	Support.

	Xiaomi
	Does it mean that the value of N will be discussed separately for different positioning scheme?

	ZTE
	As mentioned by some other companies, the path-specific RSRP and N>2 additional paths may be used for Artificial Intelligence (AI). During the RAN plenary workshop for Rel-18, a number of contributions discussed that the positioning can be a use case for AI. Hence, we suggest to discuss the path-specific RSRP in future release since we haven’t agreed the methodology to evaluate AI based positioning. We propose to postpone the discussions on path-specific RSRP of additional paths and timings of N>2 additional paths. 

	CATT
	We are fine with the proposal.

	Nokia/NSB 
	Support. We are okay with the FFS suggested by Fraunhofer.  

	OPPO
	Suport and N can be FFS. And the maximum value of N shall be a UE capability

	FL
	To Xiaomi, looks like companies prefer to discuss N for all methods together which is okay from my side. If N is the same or different for different methods was an open question to be discussed in my view. 

	Ericsson
	Ok to discuss for all methods. 

	vivo
	we have similar view as ZTE


Proposal 5.3
· Support reporting phase information for additional paths from UE to LMF as part of DL measurement reports
· FFS: Details of phase information (e.g., CIR)
· FFS: first path only or also additional paths

Companies views:
	Company Name
	Comments

	Qualcomm
	We think it is too late to support this aspect now. We suggest to down prioritize it. 

	Huawei
	Support.

In general, we think that the phase reporting should be applicable for both the first path and the additional paths. The main bullet says “additional paths”, but the second subbullet “first path only or also additional paths”.

	Intel 
	Support, we think that it is beneficial to support phase reporting of the first path and per additional path. 

	ZTE
	Postpone the discussion.

	CATT
	Support the reporting of phase information.

	Nokia/NSB 
	Don’t support. We agree with QC that it is too late for this feature and adding a new measurement (in addition to path RSRP) is very concerning from our side in terms of being able to complete the release. In addition, we don’t see phase information as critical for NLOS detection/mitigation. 

	OPPO
	Do not support the proposal 5.3.  Considering all the phase impairment caused by Tx and Rx chain, reporting a phase information of each path does not provide any valid information.

	Ericsson
	Do not support. Agree with qualcomm that time is running out for new features. 


Round #2 Discussion
Feature Lead View
During GTW agreement was reached on a modified proposal 5.2. While there may not be time to discuss the power reporting online during this meeting, suggest to continue the discussion here in order to make as much progress before the next meeting as possible and exchange further views. We can also discuss proposal 5.1 and 5.3 here though there does not seem to be strong consensus on either proposal so we suggest a lower priority. There was also some discussion on decision criteria for downselection of the value of N. I have added the gNB/TRP reporting to the same proposals as that seemed to also be the preference from companies to discuss together: 

Proposal 5.1.2
· For multipath reporting enhancements, support reporting from UE to LMF, relative timing (to the timing of the first path) and the relative power (to the total power) of up to N additional paths for DL-AoD reporting. 
· FFS: Definition of additional paths.
· FFS: Value of N. 
Companies views:
	Company Name
	Comments

	CATT
	Support in principle.
For the relative power, we prefer to leave it FFS, so we update the proposal as follows,
Updated Proposal 5.1.2
· For multipath reporting enhancements, support reporting from UE to LMF, relative timing (to the timing of the first path) and the relative power (to the total power) of up to N additional paths for DL-AoD reporting. 
· FFS: Definition of additional paths.
· FFS: If reported power is relative to first detected path or total power.
· FFS: Value of N.

	Fraunhofer 
	For the first FFS: The definition of the additional path report is clarify what the criterion that the LMF expects the UE/TRP to select the N-paths. Without identifying the usage and leave the UE/TRP to report any N values it is unclear how the LMF will make any use of the N reported paths. For example if the UE identifies, 40 paths and N=4, what is the 4 additional paths is the LMF expecting to be reported by the UE?

As an example we provide here a snapshot for the correlation magnitude with real FR1 SRS measurements in an industrial environment. In the example we provide below, the true LOS (green) is at exactly 0 m (on the abscissa), since the axis is corrected relative to the true distance: 
[image: C:\Users\amd\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\26DA86A8.tmp]
· For the case N< 2 reported paths (Rel-16), the UE most likely selects the reference as “point 0” (indicated by the red dotted circle) as the first arriving path and the second path as “point –1” to be reported. This leads to either an early detection (“point –1”) or late detection (“point –0”) by the LMF, the error will be in the range of a few meters. 



· For N>2, the usage defines the value and selection criteria of the reported N: 

Case 1: due to the bandwidth limitation all paths with a delay difference in the range less than 1/bandwidth will overlap and the peak positions in the composite correlation function depend on the phase relationship of the path. The LMF can resolve a better estimate of the resulting paths based on the UE report.  

· N=8 (equaly spaced paths) around the first arriving path 

To demonstrate that correlation result is not a selected snap example, (please check the resulting error  for the frames in the 1670-1700 and the associated FAP lobe in https://www.youtube.com/watch?v=UaXTz19eIFs ; the setup is provided in our Tdoc) 
 
Case 2: If the LMF wants to estimate a channel state based on the received UE/TRP report then the LMF expects that the report include the paths to derive the required information (such as, K-factor, Delay spread, etc.) 
· Either the parameter (strongest path …) for the reported N-path should be defined; or the UE path criteria selection if it detects X (>N) paths   

Case 3:  If the LMF wants to make use of the reflecting clusters to determine the UE positioning. To avoid dominant paths from moving objects, then  
· Select N to be >= 16; The criteria for the reported N-path should be defined IF the UE detects X (>N) paths   


	OPPO
	Support and we prefer the update by CATT

	ZTE
	We prefer to finalize the first path timing and path RSRP in DL-AOD agenda first, then we can decide whether/how to extend the first path to additional paths.

	Huawei, HiSilicon
	How path RSRP is reported should be firstly addressed in DL-AoD enhancement with respect to the first path.

Update based on CATT’s revision:

Further Updated Proposal 5.1.2
· For multipath reporting enhancements, support reporting from UE to LMF, relative timing (to the timing of the first path) and the relative power (to the total power) of up to N additional paths for DL-AoD reporting. 
· FFS: Definition of additional paths.
· FFS: How relative power is reported.
· FFS: Value of N.

	vivo
	Sorry, we are only supporting the previous agreement as to this meeting's progress.
Actually, we are concerned about the definition of path RSRP, and whether path RSRP of the additional path will be introduced in R17. Besides, we hope that proponents will take the benefit of multiple path power in the next meeting. 


	Xiaomi
	Support the feature lead’s proposal.

	Intel 
	Support FL’s proposal 

	CEWiT
	Support the proposal. We agree with Fraunhofer’s suggestions. 

The power reporting relative to first path can increase the reporting overhead in obstructed LoS scenarios where the power of first path is very low.

	Nokia/NSB
	Okay with the update from Huawei.

	Qualcomm
	We are not supportive of this enhancement for DL-AoD. Multipath reporting for DL-AoD is unclear to us, or needs to be studied more. We understand better how multipath reporting will be used for TDOA/RTT, but for DL-AoD, which is an RSRP-based method, having the relative times is not evident that it will result to performance gains. How many companies provided results for multi-path DL-AoD? 
Also, we see some companies, e.g. CATT, seem to prefer to have the relative time between paths for AoD and not relative RSRP? In a method that is RSRP-based, how is that useful?

	Apple 
	Support FL’s proposal

	vivo
	Since first path arriving timing reporting has not been supported for AoD positioning, we think it is low priority

	LG
	Agree with HW’s revision.

	NTT DOCOMO
	Support and prefer the HW’s updated proposal.

	Lenovo, Motorola Mobility
	Ok with HW’s revised version, however we are also fine to FFS if the additional path relative power is with respect to the first DL PRS RSRP path or all paths (total power).



Proposal 5.2.2
· For up to N>2 additional paths, also support reporting power in the measurement reports from UE to LMF for at least DL-TDOA and multi-RTT
· For multipath reporting enhancements, support reporting from TRP to LMF power also for up to additional N>2 paths for at least UL-TDOA and multi-RTT
· FFS: If reported power is relative to first detected path or total power.
Companies views:
	Company Name
	Comments

	CATT
	Support. 
Maybe we can further decide the reported power is relative to either first detected path or total power at RAN1#106bis-e.

	ZTE
	We think the agreements approved in last GTW are enough for this meeting. We can further discuss and evaluate other details in next meeting.

	Huawei, HiSilicon
	In general, how (absolute/relative) path power is reported needs to be studied.
Thus we have the following suggestion:

Proposal 5.2.2
· For up to N>2 additional paths, also support reporting power in the measurement reports from UE to LMF for at least DL-TDOA and multi-RTT
· For multipath reporting enhancements, support reporting from TRP to LMF power also for up to additional N>2 paths for at least UL-TDOA and multi-RTT
· FFS: How path power is reported.If reported power is relative to first detected path or total power.


	Intel 
	Support if the power per path is reported relative to the total power, i.e. RSRP (all paths).  

	Qualcomm
	Support

	OPPO
	Support

	vivo
	Same view as ZTE

	China Telecom
	Suppot

	Lenovo, Motorola Mobility
	Support FL’s proposal.


Proposal 5.3.1
· Support reporting phase information for the first path and additional paths from UE to LMF as part of DL measurement reports
· For multipath reporting enhancements, support reporting from TRP to LMF, phase information for the first and additional N paths.
· FFS: Details of phase information (e.g., CIR)
· FFS: first path only or also additional paths
Companies views:
	Company Name
	Comments

	CATT
	Support the reporting of phase information for both UE and TRP to LMF.

	Huawei. HiSilicon
	Support.

	Intel 
	Support 

	Qualcomm
	Not support

	OPPO
	Not support.  The phase information is not valid considering the absolute phase value the UE see has been impacted by the radio channel, Tx and Rx chain. 

	vivo
	Not support

	ZTE
	Not support


Proposal 5.4
For selection criteria for determining the maximum value of N in multipath reporting, consider: 
· Option 1: NLOS/LOS estimation accuracy 
· Option 2: Overall positioning accuracy 
· Option 3: Reporting overhead 
· Option 4: False alarm/missed detection rate 

Companies views:
	Company Name
	Comments

	vivo
	At least, option 3 is needed to be considered due to the size of the SDT.

	CATT
	Support Option 2 and Option 3. Why Option 1and Option 4 is needed? We failed to see the connection between Option 1&4 and the N.

	
	

	
	


Updated Proposals (medium priority)
Proposal 5.1.3
· For multipath reporting enhancements, support reporting from UE to LMF, relative timing (to the timing of the first path) and the relative power of up to N additional paths for DL-AoD reporting. 
· FFS: Definition of additional paths.
· FFS: How relative power is reported.
· 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
[bookmark: _Hlk80611439]Companies views:
	Company Name
	Comments

	Ericsson
	Support. For the value of N, we think the value can be larger depending on UE capability. We also propose that all N values across methods should be the same.   

We also should discuss how the UE select/is requested to choose  the reported paths (strongest peak, etc. ). This can be left FFS. 

	ZTE
	Support in principle. But we should wait for the progress in DL-AOD agenda since we don’t have the reporting of the timing of the first path in current spec. How can we define additional paths if we don’t have the first path in the report?

	Qualcomm 
	Not support at this point. Needs further study. At least from QC side, we agree with the value of multipath reporting in TDOA & RTT, but for  DL-AoD, seems more evaluations may be needed. To FL/All: Which companies provided DL-AoD results with multipath reporting?

	CATT
	Support in principle. In our point of view, if we select N=32, we need solid performance gains to justify it.

	Huawei, HiSilicon
	We think that multi-path AoD is similar to multi-path AoA so that LMF would be able to identify the angle at gNB for additional paths, using the same method for for the first path.

	OPPO
	Support the proposal and for N, we think N =4 is sufficient. 

	China Telecom
	Support in principle. We don’t think it is common to have too many paths that can provide useful information in the realistic scenario.

	Xiaomi
	Support in principle. And we share same view as ZTE that it is better to wait for the agreement on the timing report of the first path. Or we can update the first bullet as below:

· For multipath reporting enhancements, support reporting from UE to LMF, relative timing (to the timing of the first path if supported) and the relative power of up to N additional paths for DL-AoD reporting. 


	CEWiT
	Support the FL’s proposal in principle. The mechanism of selection of additional paths for reporting should be discussed before decision on the value of N.


Proposal 5.2.3
· For up to N>2 additional paths, also support reporting power in the measurement reports from UE to LMF for at least DL-TDOA and multi-RTT
· For multipath reporting enhancements, support reporting from TRP to LMF power also for up to additional N>2 paths for at least UL-TDOA and multi-RTT
· FFS: How path power is reported.
Companies views:
	Company Name
	Comments

	Ericsson
	We prefer discussing the issue  for all methods. 

	CATT
	Support.

	Fraunhofer
	Support. Can we add power per path for the both bullets

	Qualcomm
	Support. Both UE and TRPs should report power. We prefer to keep it for all timing methods at this point.

	Huawei, HiSilicon
	Support.

	OPPO
	Support and the maximal value of N shall be UE capability. 

	China Telecom
	Support.

	vivo
	We propose to close the discussion in this meeting since we didn’t found significant input to make FFS to an agreement

	ZTE
	Wait for next meeting until we have the clear definition of path power.

	CEWiT
	Support. We agree with Fraunhofer, the power can be replaced with path-power for both the bullets.



Proposal 5.4
For selection criteria for determining the maximum value of N in multipath reporting, consider: 
· Option 1: NLOS/LOS estimation accuracy 
· Option 2: Overall positioning accuracy 
· Option 3: Reporting overhead 
· Option 4: False alarm/missed detection rate 
Companies views:
	Company Name
	Comments

	Vivo
	We believe the intention of this selection creteria discussion is to facilitate our down selection in next meeting. On the options listed by the moderator, we prefer to decide the order of prority/importance in this meeting. However, in case of no time to discuss further, we have some wording suggestion here.

The impact of the maximum value of N in multipath reporting with respect to at least the following factors should be provided for the decision on the maximum value of N in multipath reporting in RAN1#106b-e
· NLOS/LOS estimation accuracy 
· Overall positioning accuracy 
· Reporting overhead 
· False alarm/missed detection rate 



	ericsson
	This should be up to UE capability, implementation and also up to LMF implementation. 

	CATT
	As we mentioned before, we support Option 2 and Option 3. Why Option 1and Option 4 is needed? We failed to see the connection between Option 1&4 and the N.

	FL
	The modification from vivo seems to make it clearer. Let’s use that as a baseline for continued discussion with a minor modification suggested. 

To CATT, in my understanding one of the use cases for higher values of N is to determine poor quality links and the LMF can remove them. One way to do this is outlier rejection and another way is using LoS/NLoS identification at the LMF (which would have a false alarm/missed detection rate). I am not fully sure if we need both options but I have added them at least to kickstart discussion. 

Modified Proposal: 
The impact of the maximum value of N in multipath reporting with respect to at least the following factors can be provided for the decision on the maximum value of N in multipath reporting in RAN1#106b-e
· NLOS/LOS estimation accuracy 
· Overall positioning accuracy 
· Reporting overhead 
· False alarm/missed detection rate 


	Qualcomm
	Up to UE capability & TRP configuration with a max value of N specified based on evaluation results from companies. 

	InterDigital
	We are ok with the modified proposal from the FL.

	OPPO
	Generally, the problem is a tradeoff between positioning accuracy vs overhead. So we share the same understanding as CATT, option 2 and 3 seem ok but 1 and 4 are not needed.
On another hand, this proposal might not be needed. Compnaies can provide their views on the value of N based on either evaluation results or analysis results.  

	China Telecom
	Support Option 2 and 3.

	ZTE
	It’s up to UE capability and TRP implementation. We don’t see the need to discuss this proposal.

	Ericsson
	We agree with the modified proposal to provide guidance towards further agreement in the next meeting.  Since the agreement will not have impact on the spec, we suggest to add the content of the agreement to the previous proposals 5.1.3 and 5.2.3. 





Issue #6: gNB/TRP to LMF multipath reporting enhancements (CLOSED)
Many companies discuss multipath reporting enhancements from the UE to the LMF. The relevant agreements from RAN1#105-e are copied here and the proposals in company contributions are copied below it.
Agreement:
For multipath reporting enhancements, study reporting from TRP to LMF, angle, timing, phase (of additional paths) and power for the additional N paths (value of N is part of the study).
· Note: Companies are not obligated to provide inputs for all parameters in their study
RAN1#106-e company proposals: 
· [2]
· Proposal 6:  Extend the number of paths for a TRP measurement to 8, in which each path may be associated with its
· TOA
· Single value for the path strength (Path RSRP)
· Single or Multiple AoA values 
· [10]
· Proposal 7: TRP should report angle, timing and power(RSRP) per additional path to LMF..
· [12]
· Proposal 2: Support a gNB to report to the LMF additional time-domain paths (beyond 2 paths which is already specified) and their corresponding relative powers associated to an SRS resource
· Applicable to both RTT and UL-TDOA methods
· Support at least [8] total paths to be provided per SRS resource
· Proposal 3: Support a gNB to report multiple tuples (UL-AoA, UL-RSRP, RTOA/gNB Rx-Tx) within a single report, such that
· The UL-RSRP corresponds to a relative RSRP associated to the reported path in the angle/delay domain.
· The RTOA/gNB-Rx-Tx corresponds to the delay of the associated reported path in the angle/delay domain
· The UL-AoA corresponds to the received angle (potentially 2-dimensional) of the associated reported path in the angle/delay domain
· Support at least [8] (UL-AoA, UL-RSRP, RTOA/gNB Rx-Tx) tuples that can be sent in a single report 
· Proposal 4: In the multipath reporting framework, a UE/gNB may also include an indication of which additional path is the strongest path measured per PRS/SRS resource. 
· [14]
· [bookmark: _Hlk79674085]Support relative power PR in [dBm] and phase φ measurement in [deg] reporting associated with the relative time delay of additional path with the total number of additional paths equal to N (N > 2) for DL, UL, and DL + UL positioning methods:
· PR,n = 10 × lg(Pn/P) indicates the relative power measurement in [dBm] for the nth path, where Pn is the power of the nth path, P is the total receive power corresponding to the measured DL PRS-RSRP or UL SRS-RSRP value within the considered measurement frequency bandwidth
· The PR,n parameter is defined in the finite range [-X, 0], where X defines some threshold in [dBm] identifying the level of sensitivity for receive power
· The granularity (or step size) of the measured PR,n parameter is set equal to Y in [dBm], identifying the sufficient level of accuracy, required in the measurements 
· φ indicates the phase measurement in [deg] for each additional path, that can be defined with the resolution of 1 [deg] or 0.1 [deg]
· FFS: X in [dBm], Y in [dBm] (up to RAN4 discussion)
· FFS: exact value of N
· [21]
· The number of additional paths N should be large to enable accurate LOS/NLOS detection.
· For each additional path, report at least:
· the path power,
· the path delay.
· [22]
· Proposal 2: For multipath mitigation,reporting of path specific RSRP, RTOA/TDOA and angle of arrival for both UL and DL based schemes for every SRS/PRS resource configured.
· Proposal 3: For multipath mitigation , reporting of up to 16 additional paths should be supported for measurement reports from UE to LMF and from TRP to LMF..
Round #1 Discussion
Feature Lead View
Many companies propose many different enhancements though there are clear majorities on some topics. As such we have split them into the following proposals for discussion: 

Proposal 6.1
· For multipath reporting enhancements, support reporting from TRP to LMF, angle, timing, and power for an additional N paths.
· Down select between the following options for N:
· Option 1: N = 4
· Option 2: N = 8
· Option 3: N = 16

Companies views
	Company Name
	Comments

	Qualcomm
	Support this proposal, assuming that the corresponding Proposal 6.1 is also agreed. For M-RTT, both are needed, and we prefer to be added all together. We are OK to leave it up the value “N” and decide next meeting. 


	Huawei
	Support N =8

	Xiaomi
	We want to clarify that is it the value of N or the maximum value of N?

	ZTE
	Similar view as Proposal 5.2.

	CATT
	We are fine with the proposal.

	Nokia/NSB 
	Support. Our preference is N =4 but we are okay to decide at the next meeting.  

	OPPO
	Support in principle. 

	LG
	Agree.

	FL
	To Xiaomi, 
N is the maximum value of the number of additional paths to be reported. 

	Ericsson
	Support. We have a similar comment than for UE reporting.  For the value of N, we think the value can be larger.      


Proposal 6.2
· For multipath reporting enhancements, support reporting from TRP to LMF, phase information for the additional N paths.
· FFS: Details of phase information (e.g., CIR)

Companies views
	Company Name
	Comments

	Qualcomm
	We think it is too late to support this aspect now. We suggest to down prioritize it. 

	Huawei
	Support.

	China Telecom
	Support.

	Intel 
	Support, we think that it is beneficial to support phase reporting of the first path and per additional path. 

	ZTE
	Postpone the discussion

	CATT
	Support the reporting of phase information.

	Nokia/NSB 
	Don’t support. We agree with QC that it is too late for this feature and adding a new measurement (in addition to path RSRP) is very concerning from our side in terms of being able to complete the release. In addition, we don’t see phase information as critical for NLOS detection/mitigation.  

	OPPO
	Do not support. The absolute phase information has impairement caused in Tx and Rx chain. It does not provide valid information.

	Fraunhofer
	Support

	ericsson
	Same comment as for UE reporting. Do not support. 



[bookmark: _Hlk68792848]Issue #7: UL-AoA Related Topics
A few companies brought proposals specific to enhancing reporting of UL-AoA for at least LoS/NLoS detection. Some alignment may be needed with AI 8.5.2. The specific proposals were: 
· [2]
· Proposal 5:  Support the same number of UL-AoA measurements per additional path..
· [5]
· Proposal 4: Support UL-AoA measurement report from gNB to LMF that contain LOS/NLOS indicator (e.g., based on the statistical property / standard deviation of AoA) of the measured AoA for multipath/NLOS mitigation.  
· [8]
· Proposal 9: Further clarify and enhance the prior agreement of multiple measurements of M > 1 UL-AOA (AoA/ZoA) measurement values associated with the first arrival path and corresponding to the same timestamp by stating that:
· M is the number of UL-AoA (AoA/ZoA) measuremnets that a UL receiver can measure in the same time stamp.
· A UL receiver measures UL-AoA (AoA/ZoA) on a first arrival path at a measurement timing.
· Corresponding to one UL-AoA measurement, a UL receiver may be requested to report additional information such as ToA of the measured path or beamforming to LMF.
· Multiple measurements at a same time stamp are requested up to gNB measurement capability
· [9]
· Proposal 4: NR supports reporting to LMF of N ≥ 1 UL-AOA measurement values per additional path for the same timestamp.
Round #1 Discussion
Feature Lead View
At least two companies seem to propose that for the additional paths reporting that multiple AoA values per path are also support. With that in mind we make the following proposal:

Proposal 7.1
· If additional paths for the UL-AoA measurement are supported, reporting multiple UL-AoA values per additional path is also supported.
· Note: maximum number should be the same as the number eventually supported for the first path. 

Companies views:
	Company Name
	Comments

	Qualcomm
	Support

	Huawei
	Support

	China Telecom
	Support.

	Xiaomi
	Support 

	ZTE
	Support

	Sony
	In the last meeting, we agreed to study reporting of LoS/NloS indicators for DL, UL, and DL+UL positioning measurements taken at both UE and TRP at least for UE assisted positioning. 
In this context, the gNB can also report LOS/NLOS indicators (e.g. soft values (0,1) ).

	CATT
	Support the main bullet. But for the note, we prefer to leave it FFS, so we update the proposal as follows,
Updated Proposal 7.1
· If additional paths for the UL-AoA measurement are supported, reporting multiple UL-AoA values per additional path is also supported.
· FFS: maximum number of UL-AoA values per additional path.

	Nokia/NSB 
	Okay.  

	OPPO
	We are ok with the update by CATT

	LG
	Support.

	Ericsson
	Support. 

	NTT DOCOMO
	Support


Round #2 Discussion
Feature Lead View
Most companies seem fine with the proposal with a small edit from CATT. If progress is made in the UL-AoA agenda then this proposal can be brought online in my view.:
Proposal 7.1.1
· If additional paths for the UL-AoA measurement are supported, reporting multiple UL-AoA values per additional path is also supported.
· FFS: maximum number of UL-AoA values per additional path.
Companies views:
	Company Name
	Comments

	CATT
	Support.

	OPPO
	Support

	China Telecom
	Support.

	ZTE
	Support

	Huawei, HiSilicon
	Support.

	vivo
	Sorry for we don’t understand why we report multiple UL-AoA values per additional path since the 8 AoA values reporting for the first path for each resource have been supported.

We believe it is easy to calculate the angle ambiguity based on the 8 AOA values reporting for the first path. Why do we need to report the angle ambiguity for each path?
 

	Xiaomi
	Support 

	CEWiT
	Support.

	Nokia/NSB
	Support. 

	vivo
	We would like to further explain our confusion, pls let me know if there are any problem. Based on the formula in the Huawei Tdoc

How many  can be found depends the number of valid  so that . And this is the main reason for angle ambiguity. In this case, k and d are easy to calculate based on multiple AoAs of the first path,  then we can deduce the angle ambiguity for the additional path based on one AoA of the additional path.

	LG
	Support.

	Qualcomm
	Support

	NTT DOCOMO
	Support



Round #3 Discussion
Feature Lead View
AoA measurements have been agreed to be supported for additional paths. One company still has some concerns. Therefore we can now discuss a slightly updated proposal: 
Proposal 7.1.2
· Reporting multiple UL-AoA values per additional path is also supported.
· FFS: maximum number of UL-AoA values per additional path.

Companies views:
	Company Name
	Comments

	Qualcomm
	Support.
Our evaluations of RTT+AoA with multiple angles/timings shows good gains over having a single AoA for each timing. 

	Huawei, HiSilicon
	Support.

	OPPO
	SUpport

	CATT
	Support.

	China Telecom
	Support.

	vivo
	We cannot support this proposal directly.
Firstly, we want to confirm that whether additional path for AoA measurement has been supported. If not, why delete the description of ‘If additional paths for the UL-AoA measurement are supported’?
Then, until now, our question in round#2 has not been answered. Please let me know if there are any problems.

	ZTE
	Support.

	FL
	To vivo, we made the following agreement this meeting: 
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

My understanding of that agreement is that AoA measurements are supported for additional paths. Do you have a different understanding? That is the reason for removing “If …”.

	LG
	Support

	CEWiT
	Support.



[bookmark: _Hlk68906078]Issue #8: DL-AoD Related Topics (CLOSED)
Some companies brought proposals specific to enhancing reporting of DL-AoD for at least LoS/NLoS detection. Some alignment may be needed with AI 8.5.3. The specific proposals brought were: 
· [9]
· Proposal 2: At least the gNB beam/antenna bores-sight information can be provided to the LMF by the gNB and to the UE for UE-based positioning. 
· Proposal 3: UE can be requested to measure and report on specific PRS resources by the gNB.
· [16]
· Proposal 1: Support PRS-RSRP measurement within a configured time window wherein the power of paths out of the window, if any, does not contribute in PRS-RSRP.
· Alternatively or additionally, support PRS-RSRP for the first arrival path only that is measured within a configured time window.
Round #1 Discussion
Feature Lead View
The proposals from Futurewei seems to already be under discussion in AI 8.5.3 as part of prior agreements. Suggest to take that discussion under 8.5.3. The proposal from Apple also seems quite related to ongoing discussion in AI 8.5.3 on the first path RSRP. Also suggest to take that discussion under AI 8.5.3. 

Companies views:
	Company Name
	Comments

	
	

	
	

	
	

	
	

	
	

	
	



Issue #9: Others (CLOSED)
A few proposals from a single company are included here which don’t seem to fall under one of the specific topics above. Related proposals:
· [8]
· Proposal 8: Support relative angle measurements between Rx beams used by UE for reception of DL PRS resources in Rel-17 at least for NLoS/LoS detection and mitigation.
· [19]
· Proposal 4: LMF provides the UE with information on the channel model or channel parameters to enable channel state identification.
· Proposal 5:   For NLOS mitigation, support the UE to provide the LMF with motion information reports with the same timestamps as the measurements or transmitted SRS for NR methods. 
· Send this agreement in an LS to RAN2.
· [20]
· Proposal 3: Specify a separate LOS/NLOS measurement window, where the applicable LOS/NLOS positioning measurement is considered valid. This motivation of the LOS/NLOS measurement window is separate from the measurement timestamp reporting in AI 8.5.1. FFS further details such as length of the measurement window(s), configuration of periodic/aperiodic measurement window(s).
· [21]
· The LMF can provide the UE/TRP 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

	Fraunhofer
	Proposal 4 in [19], is related to discussion in Issues 1 and 3: the UE might require assistance information from the LMF for a more reliable channel state detection. The channel state detection proposed by different contributions depends on the comparing an measured channel indicator with the expected one. These indicators (DS, K-factor, …) depends on the channel as we know from TR38.901.
The question is how can a UE would identify if the DL-PRS corresponds to UMi, InF-SH/DH … to estimate a channel state? 



	ZTE
	Proposal 8 in [8] could be useful for LOS identification.
We also have interest of Proposal 4 in [19], if LMF has some priori information of the channel, LMF can provide the information to UE/gNB to facilitate the LOS determination.

	Lenovo, Motorola Mobility
	P3 in [20] relates to Issue#1 and Issue#2 in terms of the meta information configured by the LMF in order to accurately capture the short-term/long-term LOS/NLOS measurement behaviour depending on the length of the measurement window in which the measurement is deemed to be LOS/NLOS. Perhaps this could be added as added FFS point on any additional configuration related parameters to LOS/NLOS indicators under Issue#2.

	FL
	To Fraunhofer, thanks for the clarification. I will add the proposal under those issues. 

To ZTE, thanks for the comment. If additional companies also support this issue we can create a new section to discuss it. 

To Lenovo, thanks for clarification. I will add the proposal under those issues. 

	
	

	
	


[bookmark: _Hlk69040055]
Proposals for GTW 
Suggested Proposals for 1st GTW 
Proposal 5.2.1
· For up to N additional paths, support reporting relative timing and power in the measurement reports from UE to LMF for at least DL-TDOA and multi-RTT
· FFS: Definition of additional path
· Support one of the following options for maximum value of N at RAN1#106-b:
· Option 1: N = 4
· Option 2: N = 8
· Option 3: N = 16
· Option 4: N = 32

Proposal 6.1.1
· For multipath reporting enhancements, support reporting from TRP to LMF, angle, timing, and power for up to additional N paths.
· FFS: Definition of additional path
· Down select between the following options for N at RAN1#106-b:
· Option 1: N = 4
· Option 2: N = 8
· Option 3: N = 16
· Option 4: N = 32


Proposal 1.1
· Support LoS/NLoS indicators which are reported for DL, UL, and DL+UL positioning measurements taken at UE or TRP, at least for UE assisted positioning. 
· FFS: UE based positioning 

Proposal 2.1
· If LoS/NLoS indicators are supported in Rel-17, their value is in the interval [0, 1]. 

Proposal 5.1.1
· For multipath reporting enhancements, support reporting from UE to LMF, relative timing and the relative power of up to N additional paths for at least DL-AoD reporting. 
· FFS: Value of N. 

Outcome of 1st GTW 
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
Suggested Proposals for 2nd GTW 
Proposal 1.1.2
· Support LoS/NLoS indicators which are reported for DL, UL, and DL+UL positioning measurements taken at UE or TRP, for UE assisted positioning. 
· Positioning assistance data is enhanced for UE-based positioning by including LoS/NLoS indicators.
· For LoS/NLoS detection method(s), there is no additional reporting 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 complimentary to outlier rejection algorithms. 

Outcome of 2nd GTW 
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.

Suggested Proposals for 3rd GTW 
Proposal 2.1.2
· For LoS/NLoS indicators, supported values are a discrete set in the interval [0, 1] (i.e., soft values). 
· FFS: exact discrete values supported.

Proposal 7.1.2
· Reporting multiple UL-AoA values per additional path is also supported.
· FFS: maximum number of UL-AoA values per additional path.

Proposal 5.2.3
· For up to N>2 additional paths, also support reporting path power in the measurement reports from UE to LMF for at least DL-TDOA and multi-RTT
· For multipath reporting enhancements, support reporting from TRP to LMF path power also for up to additional N>2 paths for at least UL-TDOA and multi-RTT
· FFS: How path power is reported.

Conclusion
In this contribution, we provided 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#106–e meeting.
References
[1] [bookmark: _Ref68788655]RP-210903, Revised WID on NR Positioning Enhancements, CATT, Intel Corporation, Ericsson.
[2] R1-2106453, Enhancements to support multi-path and NLOS mitigation, Huawei, HiSilicon. 
[3] R1-2106553, Enhancements on NLOS and multi-path mitigation for NR positioning, ZTE. 
[4] R1-2106599, Discussion on potential enhancements for multipath/NLOS mitigation, vivo. 
[5] R1-2106813, Discussion on enhanced reporting from UE and gNB for Multipath/NLOS mitigation, Sony.
[6] R1-2106892, Discussion on potential enhancements of information reporting from UE and gNB for multipath/NLOS mitigation, Samsung. 
[7] R1-2106975, Discussion on potential enhancements of information reporting from UE and gNB for multipath/NLOS mitigation, CATT.
[8] R1-2107061, Views on LoS/NLoS Identification and Mitigation, Nokia, Nokia Shanghai Bell. 
[9] R1-2107096, NLOS Mitigation Enhancements, Futurewei. 
[10] R1-2107135, Discussion on multipath/NLOS identification and mitigation for positioning enhancement, China Telecom. 
[11] R1-2107217, Discussion on multipath/NLOS mitigation for NR positioning, OPPO. 
[12] R1-2107349, Multipath Reporting in NR Positioning, Qualcomm Incorporated. 
[13] R1-2107546, Discussion on multipath/NLOS mitigation for positioning, LG Electronics. 
[14] R1-2107594, Solutions for mitigation of NLOS Problem for NR Positioning, Intel Corporation.
[15] R1-2107648, Discussion on multipath/NLOS mitigation for positioning, InterDigital Inc. 
[16] R1-2107744, Views on potential enhancements for NLOS mitigation in Rel-17 positioning, Apple. 
[17] R1-2107862, Discussion on multipath/NLOS mitigation for NR positioning, NTT DOCOMO, INC.
[18] R1-2107924, Potential enhancements for multipath/NLOS mitigation, Xiaomi. 
[19] R1-2108104, Potential positioning enhancements for multipath/NLOS mitigation, Fraunhofer IIS, Fraunhofer HHI. 
[20] R1-2108145, Accuracy enhancements based on NLOS/Multipath Information Reporting, Lenovo, Motorola Mobility. 
[21] R1-2108168, Potential enhancements of information reporting from UE and gNB for multipath/NLOS mitigation, Ericsson. 
[22] R1-2108175, Discussion on enhancements of multipath/NLOS reporting from UE and gNB, CEWiT. 
image1.jpeg
INF-FR1-DH-2D-ALL

s f_ﬁ

—CASE1(Baseline)

=

—CASE2(8-4RANSAC)

05

d 15 2

Position Error x y [m]

25




image2.emf
0 1 2 3 4 5 6 7 8 9 10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Accuracy(m)

probability

 

 

SH: NLOS detected as LOS and select for positioning

SH: LOS detected as NLOS and not select for positioning

DH: NLOS detected as LOS and select for positioning

DH: LOS detected as NLOS and not select for positioning


image3.png
PDF

«107  PDF of Rician K-factor for LOSENLOS links

—— 105 tinks
—— NLOS Tinks

X -3.843
Y 2.3240-06

30 -20 -10 o 10 20 B

Rician K-factor (dB)





image4.emf
0 0.5 1 1.5 2 2.5 3

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Accuracy(m)

CDF

SH scenario FR1

 

 

AoD with the angle of the first path

AoD with angles of 3 additional paths


image5.png
Correlation, Link 5, Frame 642

0.18 -

0.16 -

0.14 -

0.12 -

magnitude normalized to max
o
T

== abs corr

5 i — — assumed LOS
— — est LOS

%" Distinct paths

- \/ NO o PPN L .

Paths arround FAP

0 20

40 60 80
[m], relative to true distance

100




