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[bookmark: _Ref40390915][bookmark: _Ref189046994]Introduction
[bookmark: _Ref7792543][bookmark: _Ref7598514] This document presents a summary of the contributions submitted to AI 9.5.3 (“Positioning for RedCap UEs”).
The WID for Rel18 expanded and improved NR positioning provides the following objectives to be treated in this agenda item:
 
	From RP-213561:
Justification:
Release-17 has specified support for RedCap UEs with reduced bandwidth support and reduced complexity including reduced number of receive chains. Such UEs could support NR positioning functionality but there is a gap in that the core and performance requirements have not been specified for the positioning related measurements performed by RedCap UEs, and no evaluation was performed to see how the reduced capabilities of RedCap UEs might impact eventual position accuracy. This gap is to be investigated by the present SI.

Objectives
· Positioning support for RedCap UEs, considering the following:
· Evaluate positioning performance of existing positioning procedures and measurements with RedCap UEs[RAN1]
· Based on the evaluation, assess the necessity of enhancements and, if needed, identify enhancements to help address limitations associated with for RedCap UEs [RAN1, RAN2]




Based on the received contributions, the following aspects are discussed in this summary
· Further evaluations of Redcap positioning
· Includes baseline evaluations and evaluations of enhancements, taking into account impairments such phase error, frequency offset/doppler, etc. 
· Evaluation of carrier phase positioning for REdcap UEs
· Proposals for conclusions of the study for positioning for RedCap UEs.
Capturing evaluations in the TR:
For the collection of results to be included in the TR appendices, a dedicated subfolder was added to the draft folder for AI 9.5.3. A base template document with version 000 was added for results collection. Companies are requested to update the document with their results following the agreed template. Each company should add their results to the same document in a separate subclause B.6.X, including the tdoc number(s) for the source of the results as reference in brackets.   The moderator will update the reference number for the result sources.  
 The base document is found in the 9.5.3/evaluations collection for 9.5.3/ folder.

Contact information
To facilitate remote discussions, companies are kindly requested to provide an email address for the delegate handling the discussions for AI 9.5.3
  
	Company
	Point of contact
	Email address

	Ericsson
	Florent Munier
	Florent.munier@ericsson.com

	CATT
	Xiaotao Ren
	renxiaotao@catt.cn





Issue #1 Further evaluations of baseline performance
Background
During RAN1#110b-e, we started capturing observation for the baseline positioning accuracy of RedCap UEs, i.e., without any enhancements. The resulting observation was captured in the chair notes:

	Observation
Capture the following observations in the TR, regarding the baseline performance for positioning of Redcap UEs for IIOT scenarios:
· Based on the results provided by a majority of X sources, for InF-SH in FR1, the horizontal positioning requirement for IIOT use cases is not achieved by Rel.17 solutions using 5MHz or 20MHz of bandwidth.
· Sources in R1-2208457, R1-2210179 show that UL TDOA cannot meet the requirement
· Sources in R1-2209994, R1-2210179 show that multi-RTT cannot meet the requirement
· Sources in R1-2208803, R1-2208985, R1-2209061, R1-2209108, R1-2209153, R1-2209217, R1-2209491, R1-2209740, R1-2210179 show that DL-TDOA cannot meet the requirement
· Source in R1-2208652 shows that the requirement can be met using 20MHz of bandwidth.
· Source in R1-2208652 shows that the requirement cannot be met using 5MHz of bandwidth.
· Based on the results provided by a majority of X sources, for InF-SH in FR2, the horizontal positioning requirement for IIOT use cases is achieved by Rel.17 solutions using 100MHz of bandwidth.
· Sources in R1-2209994 show that multi-RTT can meet the requirement
· Sources in R1-2209217 show that DL-TDOA can meet the requirement
· Based on the result provided by the following source, for InF-DH in FR1, the horizontal positioning requirement for IIOT use cases is not achieved by Rel.17 solutions using 20MHz of bandwidth.
· Source in R1-2209108 show that the requirements for IIOT use cases cannot be met for InF-DH. 
· Note: Editorial modifications and addition of references for the sources may be added by the rapporteur when capturing the agreement in the TR, including replacing sources by references and providing the number of sources in the main bullet points, and including additional sources and other revisions

Observation
Capture the following observations in the TR, regarding the baseline performance for positioning of Redcap UEs for commercial scenarios
· Based on the results provided by R1-2208457, for Umi in FR1, the horizontal positioning requirement for commercial use cases is not achieved by Rel.17 solutions using 20MHz of bandwidth and UL-TDOA.
· Based on the results provided by R1-2209740, for Umi in FR1, the horizontal positioning requirement for commercial use cases is not achieved by Rel.17 solutions using 20MHz of bandwidth and DL-TDOA.
· Based on the results provided by R1-2209994, for Umi in FR1, the horizontal positioning requirement for commercial use cases is not achieved by Rel.17 solutions using 20MHz or 5 MHz of bandwidth and multi-RTT.
· Note: Editorial modifications and addition of references for the sources may be added by the rapporteur when capturing the agreement in the TR, including replacing sources by references and providing the number of sources in the main bullet points, and including additional sources and other revisions. 






 In this meeting, companies provided   evaluations in [1,3,4, 5,6,7,8, 9,15,17,18] for DL TDOA, UL TDOA, multi-RTT and DL-AOD. Most results are for FR1, with two contributions including FR2. Evaluations mainly considered InF-SH, but results are also available for InF-DH and UMi. 


InF-SH (FR1):
DL-TDOA: 
 
·  [3] observed that a baseline Redcap UE with 20MHz of bandwidth can meet the IIOT requirement for horizontal accuracy using the existing positioning framework, together with RAIM. 
· Without RAIM the requirement is not met but accuracy reaches about 1.7m
·   [3] observed that a baseline Redcap UE with 20MHz of bandwidth without RAIM can improve performance from using 2 Rx branches instead of 1Rx branch, from about 1.7m to 1.3m
· [6] observed that a baseline Redcap UE with 20MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework and MUSIC, but that an accuracy of about 2.45m can be reached.  
· [7] observed that a baseline Redcap UE with 20MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework, but that an accuracy of about 1.54m can be reached.   
· [8] observed that a baseline Redcap UE with 20MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework, but that an accuracy of about 2.6m can be reached.   
· [9] observed that a baseline Redcap UE with 20MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework, but that an accuracy of about 2.5m can be reached.   
· [11] observed that a baseline Redcap UE with 20MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework, but that an accuracy of about 4.15m can be reached.   
· [17] observed that a baseline Redcap UE with 20MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework, but that an accuracy of about 1.8m can be reached.   
· [3] and [5] observed that a baseline Redcap UE with 5MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework
· With RAIM the requirement is not met but accuracy is improved from about 5 m to 1.25m

UL-TDOA:
·  [1] observed that a baseline Redcap UE with 20MHz of bandwidth does not meet the IIOT requirement   
·  [3] observed that a baseline Redcap UE with 20MHz of bandwidth can meet the IIOT requirement using the existing positioning framework, together with RAIM.
· Without RAIM the requirement is not met but accuracy reaches about 1.7m
·  [3] observed that a baseline Redcap UE with 5MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework
· With RAIM the requirement is not met but accuracy is improved from about 5 m to 1.27m

Multi-RTT
· [3] observed that a baseline Redcap UE with 20MHz of bandwidth can meet the IIOT requirement using the existing positioning framework, together with RAIM.
· Without RAIM the requirement is not met but accuracy reaches about 1.7m
·  [3] observed that a baseline Redcap UE with 5MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework
· With RAIM the requirement is not met but accuracy reaches 1.26m
·  [3] observed that a baseline Redcap UE with 20MHz of bandwidth without RAIM can improve performance from using 2 Rx branches instead of 1Rx branch, from about 1.7m to 1.3m
·  [3] observed that a baseline Redcap UE with 5MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework
· With RAIM the requirement is not met but accuracy is improved from about 5 m to 1.26m
· [18] observed that a baseline Redcap UE with 5MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework 
· [18] observed that a baseline Redcap UE with 20MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework 
· 
UL-AoA 
· [15] observed that a baseline Redcap UE with 5MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework, but that an accuracy of about 5.7m (with N=4 antenna elements) or 2m  (N=8 antenna elements) can be reached.   

DL-AoD 
· [18] observed that a baseline Redcap UE with 20MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework 

InF-SH (FR2)
DL-TDOA: 

· [8] observed that a baseline Redcap UE with 100MHz of bandwidth can meet the IIOT requirement for horizontal accuracy using the existing positioning framework. 
Multi -RTT
· [18] observed that a baseline Redcap UE with 20MHz of bandwidth can meet the IIOT requirement for horizontal accuracy using the existing positioning framework 

InF-DH (FR1)

DL-TDOA: 
· [7] observed that a baseline Redcap UE with 20MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework, but that an accuracy of about 4.2m can be reached.   
· [8] observed that a baseline Redcap UE with 20MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework, but that an accuracy of about 7.5m can be reached.   
· [9] observed that a baseline Redcap UE with 20MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework, but that an accuracy of about 9.5m can be reached.   

UMi (FR1):
DL-TDOA: 

·  [3] observed that a baseline Redcap UE with 20MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework 
· With RAIM the requirement is not met but the performance is improved from about 14.7 m to 5.7m 
·  [3] observed that a baseline Redcap UE with 5MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework
· With RAIM the requirement is not met but accuracy is improved from about 21 m to 9.11m
·  [17] observed that a baseline Redcap UE with 20MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework 

UL-TDOA: 
· [1] observed that a baseline Redcap UEs with 20MHz of bandwidth do not meet the commercial requirements for horizontal accuracy 
·  [3] observed that a baseline Redcap UE with 20MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework 
· With RAIM the requirement is not met but the performance is improved from about 20.9 m to 6.6m 
·  [3] observed that a baseline Redcap UE with 5MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework
· With RAIM the requirement is not met but accuracy is improved from about 30.58m to 10.55m

Multi-RTT 
·  [3] observed that a baseline Redcap UE with 20MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework 
· With RAIM the requirement is not met but the performance is improved from about 17.3 m to 6.3m
·  [3] observed that a baseline Redcap UE with 5MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework
· With RAIM the requirement is not met but accuracy is improved from about 24.44m to 9.9m
· [18] observed that a baseline Redcap UE with 5MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework 
· [18] observed that a baseline Redcap UE with 20MHz of bandwidth cannot meet the IIOT requirement for horizontal accuracy using the existing positioning framework 

Summary of observations:

	[3]
	
Observation 1
· [bookmark: _Hlk115344706]For positioning performance of 20MHz in InF-SH using existing measurements without RAIM algorithm, the horizontal accuracy of following positioning methods can reach 2m for 90% UEs.
· For DL-TDOA positioning, horizontal accuracy can achieve {1.69m, 90%}
· For UL-TDOA positioning, horizontal accuracy can achieve {1.68m, 90%}
· For Multi-RTT positioning method, horizontal accuracy can achieve {1.68m, 90%}
· For positioning performance of 20MHz in InF-SH using existing measurements with RAIM algorithm, the horizontal accuracy of following positioning methods can reach 1m for 90% UEs.
· For DL-TDOA positioning, horizontal accuracy can achieve {0.32m, 90%}.
· For UL-TDOA positioning, horizontal accuracy can achieve {0.35m, 90%}
· For Multi-RTT positioning method, horizontal accuracy can achieve {0.34m, 90%}
Observation 2
· The target accuracy requirement can be satisfied using existing measurements with the existing algorithm (e.g., RAIM algorithm) for RedCap UEs for IIoT use cases.
Observation 3
· For positioning performance of 5MHz in InF-SH using existing measurements without RAIM algorithm, the horizontal accuracy of following positioning methods can reach 5m for 90% UEs.
· For DL-TDOA positioning, horizontal accuracy can achieve {4.96m, 90%}.
· For UL-TDOA positioning, horizontal accuracy can achieve {4.97m, 90%}
· For Multi-RTT positioning method, horizontal accuracy can achieve {4.96m, 90%}
· For positioning performance of 5MHz in InF-SH using existing measurements with RAIM algorithm, the horizontal accuracy of following positioning methods can reach 2m for 90% UEs.
· For DL-TDOA positioning, horizontal accuracy can achieve {1.25m, 90%}.
· For UL-TDOA positioning, horizontal accuracy can achieve {1.27m, 90%}
· For Multi-RTT positioning method, horizontal accuracy can achieve {1.26m, 90%}
Observation 4

· For DL-TDOA and Multi-RTT positioning, 2 Rx branches can bring further performance improvement compared to 1 Rx branch
· In InF-SH scenario, for DL-TDOA positioning with 20MHz bandwidth using existing measurements without RAIM algorithm, using 2 Rx branches can bring further accuracy improvement compared to using 1 Rx branch, from 1.69m to 1.32m.
· In InF-SH scenario, for Multi-RTT positioning with 20MHz bandwidth using existing measurements without RAIM algorithm, using 2 Rx branches can bring further accuracy improvement compared to using 1 Rx branch and Multi-RTT, from 1.68m to 1.26m.
Observation 5
· For positioning performance of 20MHz in UMi using existing measurements without RAIM algorithm, the horizontal accuracy of following positioning methods are as follows.
· For DL-TDOA positioning, horizontal accuracy can achieve {14.66m, 90%}.
· For UL-TDOA positioning, horizontal accuracy can achieve {20.88m, 90%}
· For Multi-RTT positioning method, horizontal accuracy can achieve {17.23m, 90%}
· For positioning performance of 20MHz in UMi using existing measurements with RAIM algorithm, the horizontal accuracy of following positioning methods are as follows.
· For DL-TDOA positioning, horizontal accuracy can achieve {5.71m, 90%}.
· For UL-TDOA positioning, horizontal accuracy can achieve {6.62m, 90%}
· For Multi-RTT positioning method, horizontal accuracy can achieve {6.28m, 90%}
Observation 6

· The target accuracy requirement is not reached using existing measurements for RedCap UEs for UMi use cases.
Observation 7

· For positioning performance of 5MHz in UMi using existing measurements without RAIM algorithm, the horizontal accuracy of following positioning methods are as follows.
· For DL-TDOA positioning, horizontal accuracy can achieve {20.78m, 90%}.
· For UL-TDOA positioning, horizontal accuracy can achieve {30.58m, 90%}
· For Multi-RTT positioning method, horizontal accuracy can achieve {24.44m, 90%}
· For positioning performance of 5MHz in UMi using existing measurements with RAIM algorithm, the horizontal accuracy of following positioning methods are as follows.
· For DL-TDOA positioning, horizontal accuracy can achieve {9.11m, 90%}.
· For UL-TDOA positioning, horizontal accuracy can achieve {10.55m, 90%}
· For Multi-RTT positioning method, horizontal accuracy can achieve {9.92m, 90%}
· 

	
	

	[6]
	Observation 1
· As a baseline performance (i.e., without any air interface enhancements):
· For RedCap UEs with limited bandwidth, i.e., 20MHz in FR1, and reduced number of Rx branches, < 3 m horizontal positioning accuracy may not be achievable using conventional FAP algorithm.
· When MUSIC algorithm is employed, < 3m horizontal positioning accuracy can be achieved for 90% of UEs


	[8]
	Observation 1: Regarding the baseline performance for positioning of Redcap UEs for InF-SH scenario:
· For InF-SH in FR1, the horizontal positioning requirement for IIOT use cases is not achieved by Rel.17 solutions using 20MHz of bandwidth.
· Sources in R1-2211505 show that DL-TDOA cannot meet the requirement
· For InF-SH in FR2, the horizontal positioning requirement for IIOT use cases is achieved by Rel.17 solutions using 100MHz of bandwidth.
· Sources in R1-2211505 show that DL-TDOA can meet the requirement
Observation 7: Regarding the performance for positioning of Redcap UEs for InF-DH scenario:
· For InF-DH in FR1, the horizontal positioning requirement for IIOT use cases is not achieved by Rel.17 solutions using 20MHz of bandwidth.
· Sources in R1-2211505 show that DL-TDOA cannot meet the requirement
Observation 9: Regarding the baseline performance for positioning of Redcap UEs for commercial scenario:
· For UMi in FR1, the horizontal positioning requirement for commercial use cases is not achieved by Rel.17 solutions using 20MHz of bandwidth.
· Sources in R1-2211505 show that DL-TDOA cannot meet the requirement

· 

	[9]
	[bookmark: _Toc118714154]Observation 5: RedCap UE positioning can achieve 2.47 m accuracy in InF-SH and 9.52 m accuracy in InF-DH scenarios (both at CDF 90%). It meets the requirement of commercial use cases only in InF-SH scenario.


	[15]
	Observation 1: AoA-based positioning imposes little requirements on the bandwidth.
Observation 2: AoA-based positioning requires additional hardware at Rx end, antenna array specifically.
Observation 3: The UL AoA-based positioning accuracy can be enhanced by link selection.
Observation 4: UL AoA-based positioning potentially allows reaching decimeter accuracy in InF scenario.
Observation 5: Low signal BW reduces the AoA-based positioning performance but the sub-meter accuracy of RedCap uses positioning can be attained with the best link selection strategy.
· The target accuracy requirement is challengening to be met when 4 antennas with ULA configuration is used
· The target accuracy requirement can be met when 8 or more antennas with ULA configuration is used
Observation 6: For the ultra low BW (i.e. 5MHz) users the AoA-based approach drastically outperforms the TDoA-based positioning. For the higher BW (up to 20 MHz) users the superiority of the angular-domain approach is not so large but it is beneficial still.


	[17]
	Observation 1: for the evaluated cases and methods, the DL-TDOA performance cannot reach the target performance of RedCap UEs.
Observation 2: DL-TDOA + CPP could reach the target in some cases.







First round of discussion
Many companies already provided results for the baseline performance of rel17 RedCap UEs during RAN1#110b-e, and upon review of the RAN1#111 contributions, most of the results are the same as during RAN1#110b-e. for these results, we propose not to add one more source to the observation.  Based on the collected results, the following observations should be added:
· For InF SH: [15] observation for UL AoA and [18] for DL AOD need to be added to the observation on baseline performance
· For Inf DH:  observations from [7] and [8] for DL TDOA need to be added to the observation on baseline performance
· For Umi:  Observations from [3] for UL TDOA, DL TDOA and multi-RTT, need to be added to the observation on baseline performances
Additionally, it seems there was a source erouneously captured last meeting (R1-2209153), it should be removed. 


Proposal 1.1-1: the observation for baseline performance for positioning of RedCap UEs for IIOT and commercial scenarios is updated as follow:

Observation
Capture the following observations in the TR, regarding the baseline performance for positioning of Redcap UEs for IIOT scenarios:
· Based on the results provided by a majority of X sources, for InF-SH in FR1, the horizontal positioning requirement for IIOT use cases is not achieved by Rel.17 solutions using 5MHz or 20MHz of bandwidth.
· Sources in R1-2208457, R1-2210179 show that UL TDOA cannot meet the requirement
· Sources in R1-2209994, R1-2210179 show that multi-RTT cannot meet the requirement
· Sources in R1-2208803, R1-2208985, R1-2209061, R1-2209108, R1-2209153, R1-2209217, R1-2209491, R1-2209740, R1-2210179 show that DL-TDOA cannot meet the requirement
· Source in R1-2208652 shows that the requirement can be met using 20MHz of bandwidth.
· Source in R1-2208652 shows that the requirement cannot be met using 5MHz of bandwidth.
· Source in R1-2211926 shows that UL-AoA cannot meet the requirement 
· Source in R1-2212126 shows that DL-AoD cannot meet the requirement 
· 
· Based on the results provided by a majority of X sources, for InF-SH in FR2, the horizontal positioning requirement for IIOT use cases is achieved by Rel.17 solutions using 100MHz of bandwidth.
· Sources in R1-2209994 show that multi-RTT can meet the requirement
· Sources in R1-2209217 show that DL-TDOA can meet the requirement
· Based on the result provided by the following source, for InF-DH in FR1, the horizontal positioning requirement for IIOT use cases is not achieved by Rel.17 solutions using 20MHz of bandwidth.
· Source in R1-2209108, R1-2211437, R1-2211505 show that the requirements for IIOT use cases cannot be met for InF-DH. 
· 
· Note: Editorial modifications and addition of references for the sources may be added by the rapporteur when capturing the agreement in the TR, including replacing sources by references and providing the number of sources in the main bullet points, and including additional sources and other revisions

Observation
Capture the following observations in the TR, regarding the baseline performance for positioning of Redcap UEs for commercial scenarios
· Based on the results provided by R1-2208457 and R1-2211016, for Umi in FR1, the horizontal positioning requirement for commercial use cases is not achieved by Rel.17 solutions using 5MHz or 20MHz of bandwidth and UL-TDOA.
· Based on the results provided by R1-2209740 and R1-2211016, for Umi in FR1, the horizontal positioning requirement for commercial use cases is not achieved by Rel.17 solutions using 5MHz or 20MHz of bandwidth and DL-TDOA.
· Based on the results provided by R1-2209994 and R1-2211016, for Umi in FR1, the horizontal positioning requirement for commercial use cases is not achieved by Rel.17 solutions using 20MHz or 5 MHz of bandwidth and multi-RTT.
· Note: Editorial modifications and addition of references for the sources may be added by the rapporteur when capturing the agreement in the TR, including replacing sources by references and providing the number of sources in the main bullet points, and including additional sources and other revisions. 

Companies are encouraged to provide their views on the proposal in the table below:

	Company
	Comment

	CATT
	OK with the updates.

	ZTE
	Generally OK with the updates but suggest the following update.
We also provide baseline Redcap UEs positioning performance using DL-TDOA for UMi in FR1, we prefer to add our results for the second observation:
Observation
Capture the following observations in the TR, regarding the baseline performance for positioning of Redcap UEs for commercial scenarios
· Based on the results provided by R1-2208457 and R1-2211016, for Umi in FR1, the horizontal positioning requirement for commercial use cases is not achieved by Rel.17 solutions using 5MHz or 20MHz of bandwidth and UL-TDOA.
· Based on the results provided by R1-2209740 and, R1-2211016 and R1-2211505, for Umi in FR1, the horizontal positioning requirement for commercial use cases is not achieved by Rel.17 solutions using 5MHz or 20MHz of bandwidth and DL-TDOA.
· Based on the results provided by R1-2209994 and R1-2211016, for Umi in FR1, the horizontal positioning requirement for commercial use cases is not achieved by Rel.17 solutions using 20MHz or 5 MHz of bandwidth and multi-RTT.
· Note: Editorial modifications and addition of references for the sources may be added by the rapporteur when capturing the agreement in the TR, including replacing sources by references and providing the number of sources in the main bullet points, and including additional sources and other revisions. 


	FL
	


Status prior to Tuesday’s offline and updated proposal
It looks like the update is OK once we include the results from ZTE for UMi. The update from ZTE is added to the proposal for the offline discussion:



Proposal 1.1a: the observation for baseline performance for positioning of RedCap UEs for IIOT and commercial scenarios is updated as follow:

Observation
Capture the following observations in the TR, regarding the baseline performance for positioning of Redcap UEs for IIOT scenarios:
· Based on the results provided by a majority of X sources, for InF-SH in FR1, the horizontal positioning requirement for IIOT use cases is not achieved by Rel.17 solutions using 5MHz or 20MHz of bandwidth.
· Sources in R1-2208457, R1-2210179 show that UL TDOA cannot meet the requirement
· Sources in R1-2209994, R1-2210179 show that multi-RTT cannot meet the requirement
· Sources in R1-2208803, R1-2208985, R1-2209061, R1-2209108, R1-2209153, R1-2209217, R1-2209491, R1-2209740, R1-2210179 show that DL-TDOA cannot meet the requirement
· Source in R1-2208652 shows that the requirement can be met using 20MHz of bandwidth.
· Source in R1-2208652 shows that the requirement cannot be met using 5MHz of bandwidth.
· Source in R1-2211926 shows that UL-AoA cannot meet the requirement 
· Source in R1-2212126 shows that DL-AoD cannot meet the requirement 
· 
· Based on the results provided by a majority of X sources, for InF-SH in FR2, the horizontal positioning requirement for IIOT use cases is achieved by Rel.17 solutions using 100MHz of bandwidth.
· Sources in R1-2209994 show that multi-RTT can meet the requirement
· Sources in R1-2209217 show that DL-TDOA can meet the requirement
· Based on the result provided by the following source, for InF-DH in FR1, the horizontal positioning requirement for IIOT use cases is not achieved by Rel.17 solutions using 20MHz of bandwidth.
· Source in R1-2209108, R1-2211437, R1-2211505 show that the requirements for IIOT use cases cannot be met for InF-DH. 
· 
· Note: Editorial modifications and addition of references for the sources may be added by the rapporteur when capturing the agreement in the TR, including replacing sources by references and providing the number of sources in the main bullet points, and including additional sources and other revisions

Observation
Capture the following observations in the TR, regarding the baseline performance for positioning of Redcap UEs for commercial scenarios
· Based on the results provided by R1-2208457 and R1-2211016, for Umi in FR1, the horizontal positioning requirement for commercial use cases is not achieved by Rel.17 solutions using 5MHz or 20MHz of bandwidth and UL-TDOA. 
· Based on the results provided by R1-2209740 and, R1-2211016 and R1-2211505, for Umi in FR1, the horizontal positioning requirement for commercial use cases is not achieved by Rel.17 solutions using 5MHz or 20MHz of bandwidth and DL-TDOA.
· 
· Based on the results provided by R1-2209994 and R1-2211016, for Umi in FR1, the horizontal positioning requirement for commercial use cases is not achieved by Rel.17 solutions using 20MHz or 5 MHz of bandwidth and multi-RTT.
· Note: Editorial modifications and addition of references for the sources may be added by the rapporteur when capturing the agreement in the TR, including replacing sources by references and providing the number of sources in the main bullet points, and including additional sources and other revisions. 





Issue #2 observations on Frequency hopping for Redcap positioning
(Issue 2.1) Evaluation of the need for phase compensation
background

The following contributions evaluated the case of frequency hopping without phase compensation:

Inf-SH (FR1):

UL-TDOA:
· [1] observed that using frequency hopping without phase compensation, Redcap UEs do not meet the IIOT requirements 

DL-TDOA
· [1] [3] [8][9][11] observed that using frequency hopping without phase compensation, Redcap UEs do not meet the IIOT requirements 
· [8] additionally evaluated that up to a phase error of 0.2*2Pi, the requirements can be met.
· [9] evaluated phase errors from 0.2pi to pi and the requirement was never met.

UMi (FR1):

UL-TDOA:
· [1] observed that using frequency hopping without phase compensation, Redcap UEs do not meet the commercial requirements 
· [1] observed that using frequency hopping with phase compensation, Redcap UEs do not meet the commercial requirements, but an improvement of the performance is noted. 

DL-TDOA
· [1][8] observed that using frequency hopping without phase compensation, Redcap UEs do not meet the commercial requirements 
· [1][8] observed that using frequency hopping with phase compensation, Redcap UEs do not meet the commercial requirements, but an improvement of the performance is noted. 
· [18] observed that using frequency hopping without phase compensation, Redcap UEs do not meet the commercial requirements

Inf-SH (FR2):

DL-TDOA
· [8] observe that in FR2, with a single hop of 100MHz, and with multi-hop frequency hopping with or without phase adjustment, the requirement for IIOT can be met.


Summary of observations:

	[1]
	Observation 4: In the 3GPP UMi Scenario, the positioning accuracy can be largely improved (~4m@90%) for RedCap UE with the overlapped frequency hopping reception.


	[3]
	Observation 9
· With the case of 3km/h UE speed and 1 slot gap between hops, the accuracy performance of frequency hopping is improved compared to accuracy performance of the limited bandwidth of 20MHz. 
· Compared with the accuracy of 20MHz bandwidth, the accuracy of 5 hops is improved from 1.32m to 0.14m.
· If phase errors between hops are compensated, the accuracy is improved from 3.11m to 0.14m. 


	[5]
	Proposal 4: RAN1 to discuss how to perform phase alignment between frequency chunks in PRS frequency hopping/stitching including the impacts of a poor channel on the overlapping RB/REs. 
Proposal 5: RAN1 to study phase alignment for Multi-RTT and determine if phase alignment is needed in both UL and DL. 


	[8]
	Observation 2: Regarding the performance for positioning of Redcap UEs using frequency hopping in InF-SH scenarios, considering phase offset between hops:
· In FR 1
· If the phase offset between hops in Frequency hopping is compensated, for InF-SH the horizontal positioning requirement for IIOT use cases can be achieved using frequency hopping with partial overlap for the purpose of phase offset compensation,
· Sources in R1-2211505 show that DL-TDOA can meet the requirement
· If the phase offset between hops in Frequency hopping is not compensated
· Sources in R1-2211505 show that DL TDOA can meet the requirements if the random phase offset is set to be smaller than 0.5*2π, otherwise, the positioning accuracy requirement can not be satisfied.
· In FR 2
· Sources in R1-2211505 show that the requirements can be met even if the phase is not compensated
· Sources in R1-2211505 show that PRS frequency hopping can improve positioning performance if the random phase between hops can be adjusted in FR2, InF-SH scenario.
· Sources in R1-2211505 show that for 2 hops discontinuous phase has little impact on positioning accuracy.
Observation 10: Regarding the performance for positioning of Redcap UEs using frequency hopping in commercial scenarios, considering phase offset between hops:
· In FR 1, UMi
· Sources in R1-2211505 show that DL-TDOA cannot meet the horizontal requirement with or without phase offset compensation
· Sources in R1-2211505 observe that PRS frequency hopping can improve positioning performance if the random phase between hops can be adjusted.


	[9]
	[bookmark: _Toc118714157]Observation 8: Simulation shows that phase offset reduces the performance gain of using bandwidth stitching. If phase offset cannot be compensated, the usage of bandwidth stitching may results in a worse positioning performance than not using bandwidth stitching.


	[11]
	Observation 1: In FR1, for 20 MHz bandwidth without frequency hopping, RedCap UE positioning cannot meet horizontal accuracy requirements. (Simulation Case 1)  
Observation 2: In FR1, for 20 MHz bandwidth with frequency hopping and random phase offset modelled between hops without any phase offset compensation scheme applied, RedCap UE positioning cannot meet horizontal accuracy requirements. (Simulation Case 3)  
Observation 3: In FR1, frequency hopping improves positioning accuracy performance compared to no frequency hopping. 


	[18]
	Observation 8: The phase discontinuity introduced due to PRS frequency hopping results a in performance degradation which could be mitigated by using frequency hopping with overlapping tones.  
· For UMI 3.5 GHz, 20 MHz, MRTT, with 640 usec retune gap, 5 hops with 1 PRB overlap, results into 4.7m accuracy at 90% whereas a legacy 20 MHz device would achieve 15m. 




First round of discussion
The received contribution all observe that for FR1, phase compensation is required to attempt at meeting the requirement. In [8] it was observed that up to 0.2pi of phase error, the requirement could be met.  For FR2, it is observed that the requirements may be met even with frequency hopping and no phase compensation. 

It is proposed to capture the following observation in the TR:

Proposal 2.1-1: Capture the following observations in the TR, regarding the impact of phase offsets due to RF retuning during frequency hopping positioning of Redcap UEs for IIOT scenarios:

Observation: For RedCap UEs, the requirement for IIOT or commercial scenarios cannot be met if phase offsets between hops caused by RF retuning in Rx hopping for reception of the DL PRS or Tx hopping for transmission of the UL SRS are not compensated. 
· In FR1, for InF-SH, sources in R1-2210905 for UL-TDOA, R1-2210905, R1-2211016, R1-2211505, R1-2211619 and R1-2211732 for DL-TDOA show that the requirement for IIOT cannot be met
· For InF-SH, source in R1-2211505 show that DL-TDOA can meet the requirement if the variance of phase offsets between hops does not exceed 0.2pi
· In FR1, for UMi, sources in R1-2210905 for UL-TDOA, R1-2210905, R1-2211505 and R1-2212126 for DL-TDOA, show that the requirement for commercial scenarios cannot be met. 
· For FR2, for InF-SH, source in R1-2211505 show that DL-TDOA can meet the requirement with frequency hopping with or without phase adjustment
 Companies are encouraged to provide their views on the proposal in the table below:

	Company
	Comment

	CATT
	It seems that there is a little bit inconsistency in the observation as follows,
The main bullet mentioned that “the requirement for IIOT or commercial scenarios cannot be met if phase offsets are not compensated.”
However, the last bullet mentioned that “source in R1-2211505 show that DL-TDOA can meet the requirement with frequency hopping with or without phase adjustment”.

Hence, we prefer to update the observation as follows,
Updated the main bullet of Observation: 
Based on the simulation results provided by the majority of X sources, fFor RedCap UEs, the requirement for IIOT or commercial scenarios cannot be met if phase offsets between hops caused by RF retuning in Rx hopping for reception of the DL PRS or Tx hopping for transmission of the UL SRS are not compensated. 


	ZTE
	Comment 1:
The first sentence in Proposal 2.1-1 is not consistent with the observation which includes both IIoT and commercial use case. Suggest the following modification:
Proposal 2.1-1: Capture the following observations in the TR, regarding the impact of phase offsets due to RF retuning during frequency hopping positioning of Redcap UEs for IIOT scenarios and commercial use case:

Comment 2:
Share the similar concern with CATT.
However, in the main part of the observation, we only need to capture that phase offset between hops has a negative impact on positioning accuracy. According to our evaluation results, in FR1 InF-SH, DL-TDOA can meet the requirement if the variance of phase offsets between hops does not exceed 0.2*2π, also in FR2, even though 3 hops without phase compensation is worse than original 100MHz, DL-TDOA can meet the requirement with frequency hopping with or without phase adjustment. Moreover, compared with 2 hops without phase adjustment, the result of 2 hops with phase adjustment shows little or none accuracy improvement. For two hops, discontinuous phase has little impact on positioning accuracy. Therefore, we prefer the following update:
Observation: For RedCap UEs, the requirement for IIOT or commercial scenarios cannot be met if phase offsets between hops caused by RF retuning in Rx hopping for reception of the DL PRS or Tx hopping for transmission of the UL SRS have a negative impact on positioning accuracy are not compensated. 
· In FR1, for InF-SH, sources in R1-2210905 for UL-TDOA, R1-2210905, R1-2211016, R1-2211505, R1-2211619 and R1-2211732 for DL-TDOA show that the horizontal positioning requirement for IIOT cannot be met
· For InF-SH, source in R1-2211505 show that DL-TDOA can meet the requirement if the variance of phase offsets between hops does not exceed 0.2pi 0.2*2π
· In FR1, for UMi, sources in R1-2210905 for UL-TDOA, R1-2210905, R1-2211505 and R1-2212126 for DL-TDOA, show that the requirement for commercial scenarios cannot be met. 
· For FR2, for InF-SH, source in R1-2211505 show that DL-TDOA can meet the horizontal positioning requirement with frequency hopping with or without phase adjustment
· Sources in R1-2211505 show that for 2 hops discontinuous phase has little impact on positioning accuracy.


	vivo
	OK with CATT’s modification for IIoT case, but not with ZTE modification for main bullet
For the Umi case, with or without phase compensation, the requirement can not be satisfied, so, we should discuss the two scenarios separately.




Status prior to Tuesday’s offline and updated proposal
From the received feedback, there is some confusion caused by the main sentence in the proposal because FR1 and FR2 observation diverge. In FR1, phase errors cause the UEs to fail the requirements, while for FR2, even without phase error mitigation, the requirement may be met.  One way forward is to split the observation between FR1 and FR2:


Proposal 2.1-1a: Capture the following observations in the TR, regarding the impact of phase offsets due to RF retuning during frequency hopping positioning of Redcap UEs for IIOT scenarios:

Observation: Based on the simulation results provided by the majority of X sources, for RedCap UEs, in FR1, the horizontal accuracy requirement for IIOT or commercial scenarios cannot be met if phase offsets between hops caused by RF retuning in Rx hopping for reception of the DL PRS or Tx hopping for transmission of the UL SRS are not compensated. 
· In FR1, for InF-SH, sources in R1-2210905 for UL-TDOA, R1-2210905, R1-2211016, R1-2211505, R1-2211619 and R1-2211732 for DL-TDOA show that the requirement for IIOT cannot be met
· For InF-SH, source in R1-2211505 show that DL-TDOA can meet the horizontal accuracy requirement if the variance of phase offsets between hops does not exceed 0.2*2π
· For UMi, sources in R1-2210905 for UL-TDOA, R1-2210905, R1-2211505 and R1-2212126 for DL-TDOA, show that the horizontal accuracy requirement for commercial scenarios cannot be met. 

Observation: Based on the simulation results provided by 1 source,  for RedCap UEs, In FR2, the horizontal accuracy requirement for IIOT can be met independently of whether phase offsets between hops caused by RF retuning in Rx hopping for reception of the DL PRS or Tx hopping for transmission of the UL SRS are compensated. 
· for InF-SH, source in R1-2211505 show that DL-TDOA can meet the requirement with frequency hopping with or without phase offset compensation 
second round of discussion
during the offline discussion, it was proposed to update the agreement from RAN1#110b instead of a new proposal. the changes are:
· correction from 0.5pi to 0.2pi in the ZTE evaluation of DL TDOA with phase offsets. The previous agreement captured the limit to 0.5pi but the FL read the plot wrong. 
· New sources to be added: InterDigital in R1-2211732, vivo in R1-2211016 with update for phase compensation and Sony in R1-2211619.
· 
the update is proposed as follow:


Proposal 2.1-1b: Update the following observations in the TR:

Observation
Regarding the performance for positioning of Redcap UEs using frequency hopping in IIoT scenarios, considering phase offset between hops:
·  In FR1, based on the results provided by the following sources, 
· if the phase offset between hops in Frequency hopping is compensated, for InF SH the positioning requirement for IIOT use cases can be achieved using frequency hopping with partial overlap for the purpose of phase offset compensation,  
· Sources in R1-2208457 show that UL TDOA can meet the requirements
· Sources in R1-2208457, R1-2209217, R1-2211016 show that DL TDOA can meet the requirements
· Sources in R1-2208652, show that the requirement cannot be met, even if the phase is compensated. 
· If the phase offset between hops in Frequency hopping is not compensated
· Sources in R1-2209217 and R1-2211619 show that DL TDOA can meet the requirements if the random phase offset is set to be smaller than 0.2*2π.
· Sources in R1-2211732 show that DL TDOA cannot meet the requirement with the random phase offset distributed from [-π, π[.
· If the phase offset is ideally compensated 
· Sources in R1-2208652, show that DL TDOA can meet the requirements
· In FR2, based on the results provided by the following sources,
· R1-2209994 observed that the requirements can be met even if the phase is not compensated
· R1-2209217 observed that PRS frequency hopping can improve positioning performance if the random phase between hops can be adjusted in FR2, InF-SH scenario.
· Note: Sources used different combinations of number of hops, gap size between hops and partial overlap sizes in their evaluations
· Note: Editorial modifications and addition of references for the sources may be added by the rapporteur when capturing the agreement in the TR, including replacing sources by references and providing the number of sources in the main bullet points, and including additional sources and other revisions. 

 

(Issue 2.2) Evaluation of the required time gap size 
background

The following was agreed in RAN1#110b-e:
	Agreement
For the evaluation of TX/RX frequency hopping for positioning of redcap UEs, the value of the gap between two consecutive hops includes at least from 100us to 5ms.
· Companies should indicate if other smaller values are used in their evaluations, and justify the feasibility of smaller values





The time gap between PRS/SRS and the total duration of the hopping procedures were discussed in [1][3][8][22].  The time gap duration and the number of hops guide the total duration of the PRS receptions / SRS transmission, which is a factor when considering UE speed / clock drift. In this section we focus on the impact of the gap size, and impact of clock drift and speed are discussed separately.

Based on the received contributions, the following was observed

Inf-SH (FR1):

UL-TDOA:
· [1] observed that using up to 1ms (2 slots) gaps for a total of 5 hops, Redcap UEs can meet the IIOT requirements 
· [1] observed that using 5ms (10 slots) gaps for a total of 5 hops, Redcap UEs cannot meet the IIOT requirements 
DL-TDOA
· [1] and [8] observed that using up to 1ms (2 slots) gaps for a total of 5 hops, Redcap UEs can meet the IIOT requirements 
· [8] observed that using 2ms (4 slots) gaps for a total of 5 hops, Redcap UEs cannot meet the IIOT requirements 
· [1] and [8] observed that using 5ms (10 slots) gaps for a total of 5 hops, Redcap UEs cannot meet the IIOT requirements 
· [3] observes for up to 8 slots (4ms) gaps and for a total of 5 hops, redcap UEs can meet the IIOT requirements
· [22] observes for up to 10 slots (5ms) gaps and for a total of 5 hops, redcap UEs can meet the IIOT requirements
· 



Summary of observations
	[3]
	Observation 10
· Large time gap between adjacent hops results in accuracy performance degradation for frequency hopping.
· When the time gap is {4 symbols, 1 slot, 4 slots, 8 slots} with 3km/h UE speed, the accuracy performance is {0.11m, 0.14m, 0.22m, 0.29m} respectively.


	[8]
	Observation 5: Regarding the performance for positioning of Redcap UEs using frequency hopping in InF-SH scenarios, considering switching gap impact between hops:
· In FR 1
· Sources in R1-2211505 show that the switching gap between hops will decrease positioning accuracy for RedCap UE under InF-SH scenario in FR1, DL-TDOA can meet the horizontal requirement when the switching gap is smaller than 2ms. 





First round of discussion
The received contribution show that if the gap between PRS reception / SRS transmission is too large, the accuracy requirement cannot be met. 

It is proposed to capture the following observation in the TR:

Proposal 2.2-1: Capture the following observations in the TR, regarding the impact of time gap between hops during frequency hopping positioning of Redcap UEs for IIOT scenarios:

Observation: In FR1, for InF-SH, the requirement for IIOT scenarios cannot be met if the time gap between hops in Rx hopping for reception of the DL PRS or Tx hopping for transmission of the UL SRS exceeds a certain value
· For UL-TDOA, source in R1-2210905 shows that the requirement can be met for a gap of 1ms and cannot be met for a gap of 5ms. 
· For DL-TDOA, source in R1-2210905   shows that the requirement can be met for a gap of 1ms and cannot be met for a gap of 5ms
· For DL-TDOA, source in R1-2211505 shows that the requirement can be met for a gap of 1ms and cannot be met for a gap of more than 2ms
· For DL-TDOA, source in R1- 2211016 shows that the requirement can be met for a gap of 4ms 
· For DL-TDOA, source in R1- 2212517 shows that the requirement can be met for a gap of 5ms 

Companies are encouraged to provide their views on the proposal in the table below:
Proposal 2.2-1:
	Company
	Comment

	CATT
	We prefer to update the observation as follows, in order to better reflect the companies’ simulation results in the sub-bullets,
Updated the main bullet of Observation: 
Based on the simulation results provided by all of X sources, in FR1, for InF-SH, the requirement for IIOT scenarios can be met if the time gap between two consecutive hops in Rx hopping for reception of the DL PRS or Tx hopping for transmission of the UL SRS is 1ms. 
Based on the simulation results provided by the majority of X sources, iIn FR1, for InF-SH, the requirement for IIOT scenarios cannot be met if the time gap between two consecutive hops in Rx hopping for reception of the DL PRS or Tx hopping for transmission of the UL SRS exceeds a certain value.
· the value is varying for different sources, e.g., 2ms or 5ms.


	ZTE
	Generally ok, prefer to change “requirement” to “horizontal positioning requirement”.

Observation: In FR1, for InF-SH, the horizontal positioning requirement for IIOT scenarios cannot be met if the time gap between hops in Rx hopping for reception of the DL PRS or Tx hopping for transmission of the UL SRS exceeds a certain value

	vivo
	For our observation, based on the evaluation in our contribution, we propose to update as follows

· For DL-TDOA, source in R1- 2211016 shows that the requirement can be met for a gap of 4ms with UE speed of 3km/h 




Status prior to Tuesday’s offline and updated proposal
The proposal is updated based on the comments received, to be discsussed during the offline session:

Proposal 2.2-1a: Capture the following observations in the TR, regarding the impact of time gap between hops during frequency hopping positioning of Redcap UEs for IIOT scenarios:

Observation: Based on the simulation results provided by all of X sources, in FR1, for InF-SH, the horizontal accuracy requirement for IIOT scenarios can be met at least in the case if the time gap between two consecutive hops in Rx hopping for reception of the DL PRS or Tx hopping for transmission of the UL SRS is 1ms or less. 
Based on the simulation results provided by the majority of X sources, in FR1, for InF-SH, the horizontal accuracy requirement for IIOT scenarios cannot be met if the time gap between hops in Rx hopping for reception of the DL PRS or Tx hopping for transmission of the UL SRS exceeds 5ms
· For UL-TDOA, source in R1-2210905 shows that the requirement can be met for a gap of 1ms and cannot be met for a gap of 5ms. 
· For DL-TDOA, source in R1-2210905   shows that the requirement can be met for a gap of 1ms and cannot be met for a gap of 5ms
· For DL-TDOA, source in R1-2211505 shows that the requirement can be met for a gap of 1ms and cannot be met for a gap of more than 2ms
· For DL-TDOA, source in R1- 2211016 shows that the requirement can be met for a gap of 4ms 
· For DL-TDOA, source in R1- 2212517 shows that the requirement can be met for a gap of 5ms 
second round of discussion
During the discussion offline, the first sentence of the proposal was problematic for several companies. The wording below is based on the agreed observation from last meeting on phase offset, and is hopefully agreeable. 

Proposal 2.2-1b: Capture the following observations in the TR:
Regarding the performance for positioning of Redcap UEs using Rx hopping for reception of the DL PRS or Tx hopping for transmission of the UL SRS in IIoT scenarios, considering time gap between hops:
·  In FR1, based on the results provided by the following sources, 
· if the time gap between hops in frequency hopping is less than 1ms, for InF SH the positioning requirement for IIOT use cases can be achieved using frequency hopping.  
· For UL-TDOA, source in R1-2210905 shows that the requirement can be met for a gap of 1ms and cannot be met for a gap of 5ms. 
· For DL-TDOA, source in R1-2210905 shows that the requirement can be met for a gap of 1ms and cannot be met for a gap of 5ms
· For DL-TDOA, source in R1-2211505 shows that the requirement can be met for a gap of 1ms and cannot be met for a gap of more than 2ms
· For DL-TDOA, source in R1- 2211016 shows that the requirement can be met for a gap of 4ms 
· For DL-TDOA, source in R1- 2212517 shows that the requirement can be met for a gap of 5ms 

(Issue 2-3) Evaluation of the impact of UE speed and time drift on Frequency Hopping
Background

The following was agreed in RAN1#110b-e:
	Agreement
For the evaluation of TX/RX frequency hopping for positioning of redcap UEs, the value of UE speed includes 3 km/h, 30 km/h, 60km/h.
· Other values are not precluded





In [1], clock drift of 0.1 was evaluated with no significant impact compared to the ideal case of no time drift.  In [3] timing errors of up to 5ns were evaluated.in [8], evaluations for time offset standard deviations of up to 4ns were provided. 
In [1], speed of up to 120km/h was evaluated.  In [3], the impact of 4 and 8 slot gaps with up to 60km/h UE speed is evaluated. In [8], speed between 3km/h and 300km/h were evaluated. The following observation can be drawn regarding the maximum UE speed that can be handled with frequency hopping:


InF-SH (FR1):
UL-TDOA:
· [1] observed that for UE Speed of up to 120km/h, Redcap UEs can meet the IIOT requirements when the time gap between hops is 140us (4 symbols), for both UE in the convex hull and all UEs, except for 120km/h where only UEs in the convex hull can meet the requirements. 
· [1] observes that a 0.1ppm error does not cause significant deterioration to the horizontal accuracy

DL-TDOA
· [3] observes that at a speed of 30km/h and for gaps of 4 and 8 slots the requirement for IIOT can be met. For 60km/h the requirement is not met.
·  [3] observes that even at low UE speed, timing error causes significant deterioration of performance and that for more than 3ns timing error, the requirements are not met for a 3km/h UE and 1 slot gap
· [8] observed that for UE speed of up to 300km/h, the requirement can be met.
· [8] observed that with time offsets of up to 2ns the IIOT requirement can still be met, but from 3ns, the requirement is not met. 

UMi (FR1):

Multi-RTT
· [18] observed that for UE speed of up to 60km/h, the requirement cannot be met, but observed that frequency hopping could achieve an accuracy close to the 100MHz performance (4.7m).
· 
Summary of observations:

	[1]
	Observation 2: In the 3GPP InF-SH Scenario, considering the impact of UE speed in the case of a small gap between two consecutive hops (e.g., 140us)
· The positioning accuracy degrades with the increase of UE speed. However, when the UE speed is no more than 60km/h, the positioning accuracy (horizontal) for overlapped frequency hopping transmission/reception can still meet the target requirements for IIoT use cases.
 


	[3]
	Observation 11
· For the operation without frequency hopping, the accuracy performance is less affected by changes in UE speed (from 3km/h to 30km/h and 60km/h). 
Observation 12
· With large UE speed and large time gap between hops, the accuracy for frequency hopping is largely reduced, which will be large than 1m.
· With 30km/h UE speed and 4 slots time gap between hops, the accuracy performance is 0.74m .
· With 60km/h UE speed and 4 slots time gap between hops, the accuracy performance is 1.22m.
· With 30km/h UE speed and 8 slots time gap between hops, the accuracy performance is 0.93m.
· With 60km/h UE speed and 8 slots time gap between hops, the accuracy performance is 1.33m.
Observation 13
· Rx timing errors between different hops results in large performance degradation for frequency hopping.
· When the Rx timing error is {1ns, 3ns, 5ns} with the case of 3km/h UE speed and 1-slot time gap between hops, the accuracy performance is {0.32m, 1.03m, 1.74m} respectively.
· For the case with larger than 3ns Rx timing errors between hops, the performance of frequency hopping cannot achieve the target requirement.
Observation 14
· Frequency hopping can bring better accuracy gain only under specific conditions, e.g., with no/very small Rx/Tx timing errors, low UE speed and small time gap between hops.
Observation 15
· Rx/Tx timing errors between different hops result in large performance degradation for frequency hopping. However, the method to mitigate Rx/Tx timing errors between hops or ensure such error within a small range is not clear.


	[8]
	Observation 3: Regarding the performance for positioning of Redcap UEs using frequency hopping in InF-SH scenarios, considering Doppler impact between hops:
· In FR 1
· Sources in R1-2211505 show that DL-TDOA can meet the horizontal requirement (UE speed includes 3 km/h, 30 km/h, 60km/h, 150km/h, 300km/h) and the Doppler shift has little effect on positioning accuracy of frequency hopping for RedCap UE under InF-SH scenario in FR1.


	
	Observation 4: Regarding the performance for positioning of Redcap UEs using frequency hopping in InF-SH scenarios, considering timing offset impact between hops:
· In FR 1
· Sources in R1-2211505 show that the time offset between hops will decrease positioning accuracy for RedCap UE under InF-SH scenario in FR1, DL-TDOA cannot meet the horizontal requirement when the random timing offset is equal to or larger than 3ns (in STD). 




First round of discussion
The received contributions show a connection between the gap duration and UE speed.  Two companies also evaluated time drift with different results.

It is proposed to capture the following observation in the TR:

Proposal 2.3-1: Capture the following observations in the TR, regarding the impact of UE speed and time gap between hops during frequency hopping positioning of Redcap UEs for IIOT and commercial scenarios:

Observation: In FR1, for InF-SH, the UE speeds impact the accuracy performance and the choice of the time gap between hops in Rx hopping for reception of the DL PRS or Tx hopping for transmission of the UL SRS exceeds a certain value
· For UL-TDOA, source in R1-2210905 shows that the requirement can be met for a gap of 140us for UE speed of up to 120km/h 
· For DL-TDOA, source in R1- 2211016 shows that the requirement can be met for a gap of 4 or 8 slots for UE speed of up to 30km/h, and cannot be met for 60km/h
· For DL-TDOA, source in R1- 2211505 shows that the requirement can be met for UE speed of up to 300km/h 
Observation: In FR1, for InF-SH, the time drift during PRS frequency hopping impacts the accuracy performance  
· For DL-TDOA, source in R1- 2211016 shows the IIOT requirement cannot be met if the timing error is  3ns

· For DL-TDOA, source in R1- 2211505 shows the IIOT requirement can be met if the timing error is 2ns, but cannot be met if the timing error is 3ns
Observation: In FR1, for UMi, the UE speeds impact the accuracy performance
· For multi-RTT, source in R1-2212126 shows that the requirement for commercial scenarios cannot be met. 

Companies are encouraged to provide their views on the proposal in the table below:
Proposal 2.3-1:
	Company
	Comment

	CATT
	For the first observation, we prefer to update the descriptions about time gap and add the detailed gap value for the 3rd sub-bullet, just like the previous two sub-bullets. The updated version as follows,
Updated 1st Observation: In FR1, for InF-SH, the UE speeds impact the accuracy performance and the choice of the with a certain time gap between hops in Rx hopping for reception of the DL PRS or Tx hopping for transmission of the UL SRS exceeds a certain value
· For UL-TDOA, source in R1-2210905 shows that the requirement can be met for a gap of 140us for UE speed of up to 120km/h 
· For DL-TDOA, source in R1- 2211016 shows that the requirement can be met for a gap of 4 or 8 slots for UE speed of up to 30km/h, and cannot be met for 60km/h
· For DL-TDOA, source in R1- 2211505 shows that the requirement can be met for a gap of Xus for UE speed of up to 300km/h 



	ZTE
	Ok in general.
For the comment of CATT, our evaluation for the impact of UE speed did not consider extra switching gap between hops. The frequency difference between each hops is based on two symbols between the starting symbol of two hops.

	vivo
	Thanks FL for capturing the results of timing errors, and for corresponding observation, we prefer to add a new proposal for the third bullet since it is independent of the main-bullet of Proposal 2.3-1 for the impact of UE speed and time gap. Then, we propose to change the description of ‘time drift’ to more general description ‘timing error’.
So, the following modifications can be considered.

Proposal 2.3-2: Capture the following observations in the TR, regarding the impact of timing error between hops during frequency hopping positioning of Redcap UEs for IIOT scenarios:

Observation: In FR1, the requirement for IIOT scenarios cannot be met if timing error between hops in Rx hopping for reception of the DL PRS or Tx hopping for transmission of the UL SRS exceeds a certain value
· For DL-TDOA, source in R1- 2211016 shows the IIOT requirement cannot be met if the timing error is 3ns

· For DL-TDOA, source in R1- 2211505 shows the IIOT requirement can be met if the timing error is 2ns, but cannot be met if the timing error is 3ns


	Qualcomm
	With regards to the observation for the UMI from our paper, the point is whether performance of hopping is degraded with 30 and 60 kmh over the 3kmh. We think that the performance is not degraded and that is what it should be captured.

Observation: In FR1, for UMi, the UE speeds impact the accuracy performance
For multi-RTT, source in R1-2212126 shows that performance of frequency hopping with 5 hops and 640 usec switching gap degrades only marginally for speeds of 30 or 60 kmh over 3kmh.

	ZTE
	We will replace our contribution R1- 2211505 with R1-2212743, and sorry for any inconvenience.
Based on our updated results,
Observation: In FR1, for InF-SH, the UE speeds impact the accuracy performance and the choice of the time gap between hops in Rx hopping for reception of the DL PRS or Tx hopping for transmission of the UL SRS exceeds a certain value
· For UL-TDOA, source in R1-2210905 shows that the requirement can be met for a gap of 140us for UE speed of up to 120km/h 
· For DL-TDOA, source in R1- 2211016 shows that the requirement can be met for a gap of 4 or 8 slots for UE speed of up to 30km/h, and cannot be met for 60km/h
· For DL-TDOA, source in R1- 2212743 shows that the requirement can be met for a gap of 0.1ms for UE speed of up to 150km/h; the horizontal accuracy requirement can be met for a gap of 0.2ms for UE speed of up to 60km/h; the horizontal accuracy requirement can be met for a gap of 0.5ms for UE speed of up to 30km/h; the horizontal accuracy requirement can be met for a gap of 1ms, 2ms, 5ms for UE speed of up to 3km/h.
· For DL-TDOA, source in R1- 2211505 shows that the requirement can be met for UE speed of up to 300km/h 





Status prior to Tuesday’s offline and updated proposal
Based on the received comments, we can split the proposal in 3 proposals for the impact of gap size, the impact of timing error between hops, and the Umi observation from Qualcomm. for the proposal 2.3.1a, we can see how to update the bullet for ZTE’s results during the offline, since it is not clear wheter gaps where used at all. For the performance of UMi, my understanding of the comment is that we should capture that speed is not a deciding factor in meeting the requirement for UMi.
Proposal 2.3-1a: Capture the following observations in the TR, regarding the impact of UE speed and time gap between hops during frequency hopping positioning of Redcap UEs for IIOT and commercial scenarios:

Observation: In FR1, for InF-SH, evaluations show the UE speed impacts the horizontal accuracy performance for a time gap between hops in Rx hopping for reception of the DL PRS or Tx hopping for transmission of the UL SRS
· For UL-TDOA, source in R1-2210905 shows that the horizontal accuracy requirement can be met for a gap of 140us for UE speed of up to 120km/h 
· For DL-TDOA, source in R1- 2211016 shows that the horizontal accuracy requirement can be met for a gap of 4 or 8 slots for UE speed of up to 30km/h, and cannot be met for 60km/h
· For DL-TDOA, source in R1- 2211505 shows that the horizontal accuracy requirement can be met for UE speed of up to 300km/h 
· For DL-TDOA, source in R1- 2212743 shows that the requirement can be met for a gap of 0.1ms for UE speed of up to 150km/h; the horizontal accuracy requirement can be met for a gap of 0.2ms for UE speed of up to 60km/h; the horizontal accuracy requirement can be met for a gap of 0.5ms for UE speed of up to 30km/h; the horizontal accuracy requirement can be met for a gap of 1ms, 2ms, 5ms for UE speed of up to 3km/h.
· 

Proposal 2.3-2
Observation: In FR1, for InF-SH, the requirement for horizontal accuracy IIOT scenarios cannot be met if timing error between hops in Rx hopping for reception of the DL PRS or Tx hopping for transmission of the UL SRS exceeds a certain value
· For DL-TDOA, source in R1- 2211016 shows the IIOT horizontal accuracy requirement cannot be met if the timing error is 3ns

· For DL-TDOA, source in R1- 2211505 shows the IIOT horizontal accuracy requirement can be met if the timing error is 2ns, but cannot be met if the timing error is 3ns

Proposal 2.3-3
Observation: In FR1, for UMi, the UE speeds only marginally impact the horizontal accuracy accuracy performance
· For multi-RTT, source in R1-2212126 shows that the requirement for commercial scenarios cannot be met, but performance of frequency hopping with 5 hops and 640 usec switching gap degrades only marginally for speeds of 30 or 60 kmh over 3kmh.

second round of discussion
For the first proposal, it was commented that the first sentence was not clear as to what is exactly meant with impact from time gap and speed. We propose the following rewording as a starting point for round 2. With the proposed rewording, proposal 2.3-3 for UMi is also merged into proposal 2.3.1. proposal 2.3-2 is similarly reworded. 

Proposal 2.3-1b: capture the following in the TR
Observation: Regarding the performance for positioning of Redcap UEs using Rx hopping for reception of the DL PRS or Tx hopping for transmission of the UL SRS in IIoT scenarios, considering time gap between hops together with UE speed:
· In FR1, for InF SH based on the results provided by the following sources, 
 
· For UL-TDOA, source in R1-2210905 shows that the horizontal accuracy requirement can be met for a gap of 140us for UE speed of up to 120km/h 
· For DL-TDOA, source in R1- 2211016 shows that the horizontal accuracy requirement can be met for a gap of 4 or 8 slots for UE speed of up to 30km/h, and cannot be met for 60km/h 
· For DL-TDOA, source in R1- 2212743 shows that the requirement can be met for a gap of 0.1ms for UE speed of up to 150km/h; the horizontal accuracy requirement can be met for a gap of 0.2ms for UE speed of up to 60km/h; the horizontal accuracy requirement can be met for a gap of 0.5ms for UE speed of up to 30km/h; the horizontal accuracy requirement can be met for a gap of 1ms, 2ms, 5ms for UE speed of up to 3km/h.
· In FR1, for UMi, based on the results provided by the following sources, 
· For multi-RTT, source in R1-2212126 shows that the requirement for commercial scenarios cannot be met, but performance of frequency hopping with 5 hops and 640 usec switching gap degrades only marginally for speeds of 30 or 60 kmh over 3kmh.


Proposal 2.3-2b
Observation: Regarding the performance for positioning of Redcap UEs using Rx hopping for reception of the DL PRS or Tx hopping for transmission of the UL SRS in IIoT scenarios, considering timing error during the frequency hopping:
· In FR1, for InF SH based on the results provided by the following sources, 
· For DL-TDOA, source in R1- 2211016 shows the IIOT horizontal accuracy requirement cannot be met if the timing error is 3ns
· 
· For DL-TDOA, source in R1- 2211505 shows the IIOT horizontal accuracy requirement can be met if the timing error is 2ns, but cannot be met if the timing error is 3ns




Issue #3 Carrier Phase positioning for RedCap UEs
Background
Results for CPP with redcap UEs were provided by [3][4][8][17] . from the results, the following was observed:
· For Indoor SH, DL TDOA:
·  [3] observed that a redcap UE using CPP can meet the IIOT requirement with ideal integer ambiguity resolution
· [3] also observed that with an estimated integer ambiguity, the IIOT requirement are not met but accuracy reaches 1.06m.
·  [4] observed that a redcap UE using CPP can meet the IIOT requirement with virtual integer ambiguity resolution
· [8] observed that a redcap UE using CPP cannot meet the IIOT requirements, even with perfectly known phase, for any remaining phase ambiguity.
· [17] observed that a redcap UE using CPP can meet the IIOT requirements, under some conditions for integer ambiguity resolution.
· [22] observed that a redcap UE using CPP can meet the IIOT requirements if frequency hopping enhancements are also used and cannot meet the IIOT requirements without enhancements. 
· 

Summary of observations:

	[3]
	Observation 8

· For positioning performance of 20MHz in InF-SH using carrier phase measurements, the horizontal accuracy of following positioning methods can reach target accuracy requirement of 1m.
· For accuracy with ideal integer cycle, horizontal accuracy can achieve {0.031m, 90%}
· For accuracy with cost function integer cycle estimation, horizontal accuracy can achieve {1.06m, 90%}


	[4]
	Observation 1: NR carrier phase positioning (CPP) is one of the promising enhancement methods for RedCap UEs positioning.
Observation 2: For RedCap UEs positioning, the horizontal positioning accuracy is 1.91 m with DL-TDOA in InF-SH scenario, which does not meet the requirements of RedCap UEs (1m for 90% of UEs).
Observation 3: For RedCap UEs positioning, the horizontal positioning accuracy is 0.048 m with NR carrier phase positioning in InF-SH scenario, which is far better than the requirements of RedCap UE (1m for 90% of UEs).
Proposal 1: NR carrier phase positioning should be adopted for Rel-18 RedCap UE positioning.


	[8]
	
Observation 6: Regarding the performance for positioning of Redcap UEs using carrier phase measurements in InF-SH scenarios:
· In FR 1
· Sources in R1-2211505 show that carrier phase based method cannot satisfy the requirement even in the condition of perferct phase estimation, but it can improve the performance for around 50% of UEs for RedCap UE positioning.


	[15]
		Proposal 4: For CPM based positioning for RedCap UEs, the methods for integer ambiguity resolution with limited BW size should be studied including utilizing existing angle based positioning methods.


	[17]
	Observation 2: DL-TDOA + CPP could reach the target in some cases.


	[22]
	Proposal 4	The hybrid solution of carrier phase positioning plus PRS/SRS frequency hopping can be considered for RedCap UEs to get high horizontal positioning accuracy.  
Proposal 5	Enhancements of carrier phase positioning for RedCap UEs can be discussed in the section of carrier phase positioning.




 First round of discussion
The results of CPP evaluations for redcap UEs diverge as to whether even in the ideal case, the IIOT requirement could be met.  The following observation is proposed for inclusion in the TR:

Proposal 3.1-1: Capture the following observations in the TR, regarding the performance of carrier phase-based positioning with RedCap UEs:

Observation: In FR1, for InF-SH, the performance of carrier phase positioning with RedCap UEs using 20MHz of bandwidth was evaluated
· Sources in [R1-2211016] [ R1-2211207] show that a redcap UE using CPP can meet the IIOT requirement under ideal conditions and known integer ambiguity.
· Source in [R1-2211505] shows that a redcap UE using CPP cannot meet the IIOT requirements, even with perfectly known phase, for any remaining integer ambiguity.
· Source in [R1-2211016] shows that with an estimated integer ambiguity, a redcap UE using CPP cannot meet the IIOT requirements
· Source in [R1-2212054] shows that a redcap UE using CPP can meet the IIOT requirements, under some conditions for integer ambiguity resolution.
· Source in [R1-2212517] shows that a redcap UE using CPP can meet the IIOT requirements if frequency hopping enhancements are also used and cannot meet the IIOT requirements without enhancements. 

Companies are encouraged to provide their views on the proposal in the table below:
Proposal 3.1-1
	Company
	Comment

	CATT
	Support to capture the observation into the TR.
We prefer to further study the potential enhancements to CPP, in order to meet the IIoT requirement for RedCap UE positioning, such as frequency hopping enhancements, integer ambiguity resolution, etc.

	ZTE
	OK.

	vivo
	OK

	Qualcomm
	It is important to capture whether any error sources were actually modelled in the above simulations (ARP errors, PCO, frequency drift)



Status prior to Tuesday’s offline and updated proposal
We can re-use the proposal for offline discussion. It would be good if companies could clarify whether the results were ideal or modeled any error sources. 

Proposal 3.1-1: Capture the following observations in the TR, regarding the performance of carrier phase-based positioning with RedCap UEs:

Observation: In FR1, for InF-SH, the performance of carrier phase positioning with RedCap UEs using 20MHz of bandwidth was evaluated
· Sources in [R1-2211016] [ R1-2211207] show that a redcap UE using CPP can meet the IIOT requirement under ideal conditions and known integer ambiguity.
· Source in [R1-2211505] shows that a redcap UE using CPP cannot meet the IIOT requirements, even with perfectly known phase, for any remaining integer ambiguity.
· Source in [R1-2211016] shows that with an estimated integer ambiguity, a redcap UE using CPP cannot meet the IIOT requirements
· Source in [R1-2212054] shows that a redcap UE using CPP can meet the IIOT requirements, under some conditions for integer ambiguity resolution.
· Source in [R1-2212517] shows that a redcap UE using CPP can meet the IIOT requirements if frequency hopping enhancements are also used and cannot meet the IIOT requirements without enhancements. 


Issue #4 proposals for SI conclusions

As this is the last meeting of the study item, we should prepare agenda item conclusions to provide guidance for scoping of the upcoming work item. The following aspects were mentioned in contributions:

Complexity aspects 

In [1][10][16] it is observed that SRS transmission with frequency hopping is less complex to the UE than PRS receptions, which involves phase compensation. 
[3] observes that frequency hopping requires greater complexity for redcap UEs. [13] mentions that PRS processing complexity should be analysed. 
[14] raises the issue of updating the PRS processing capability to include frequency hopping

SRS design for switching time
In [1][16][18], the impact of the switching time for SRS transmission is discussed. The existing BWP switching framework delays is observed to be longer than 1 slot, which could impact UE performances considering UL slot availability, required number of hops and UE speed.  [16] proposes to consider gaps of less than 5 symbols (180us) in order to allow frequency hopping over 2 UL slots, which is a common TDD pattern. [18] proposes to consider shorter switching time to allow a full hopping pattern within a single slot (using 70usec switching time and 1 symbol per hop).

In [1][6][8][10][15][18] it is proposed to recommend specifying partial overlapping and a time gap between consecutive hops in the SRS configuration. In [5] it is proposed to consider virtual SRS configurations as a way to realise the frequency hopping for SRS, and to look into introducing more dynamic SRS configurations, including muting.  In [6] it is proposed to agree to discuss short retuning gaps that are much shorter than rel15 BWP switching gaps during the WI phase.  In [8] a study for realising the hopping schemes within a resource, resource set, or across CCs/BWPs/PFL is proposed. [18] proposes to study further how to realise SRS tx hopping with either existing BWP switching mechanisms or a new mechanism using SRS association with a CC instead of a BWP. [15] proposes to consider burst transmission for SRS for positioning.  In [20] partial staggering of the hops following the first hop is discussed. [22] discusses the use of non-overlapping frequency hopping patterns and propose to support partially overlapping patterns.  Additionally, schemes to reduce SRS bandwidth and Group based positioning for the SRS is proposed in [5].  
PRS design for frequency hopping
In [1][6][8][9][17][19][21] it is proposed to support frequency hopping for PRS.  [1] further discusses whether either or both of  PRS Tx hopping and Rx hopping should be specified during the WI phase. In [5] it is proposed to focus on Rx hopping for PRS and the merit of Tx hopping for PRS is questioned.  [6] also support introduction of Rx hopping for the PRS. in [19] the issue of coexistence of redcap and non-redcap UEs is raised if Tx PRS hopping is used. In [20] it is mentioned that Tx hopping may not be needed if the PRS is configured with repetitions, and the possibility to use Tx hopping of some PRSs together with rx hopping and full bandwidth transmission of other PRSs is discussed. In [8][13] a study for realising the hopping schemes within a resource, resource set, or across CCs/BWPs/PFL is proposed. Similarly, in [9][14], it is proposed to work out the details of frequency hopping in the PRS configuration in the normative phase. In [11] the need for LMF transmitting the hopping pattern to the UE is raised. In [13] it is proposed to study enhancement to PRS symbol lengths. In [18] it is highlighted that PRS Rx hopping allows sharing the PRS with non-RedCap UEs, while Tx hopping can improve accuracy due to potential use of power boosting. In [20] partial staggering across different hops is discussed. [21] discusses the support of muting with frequency hopping. [22] discusses the use of non-overlapping frequency hopping patterns and propose to support partially overlapping patterns. In [18] it is proposed to specify the support of frequency hopping using gap-based positioning and further study whether MG-less frequency hopping is feasible. [18] further proposes to realise frequency hopping in a new BWP PRS hopping scheme independent of the existing bandwidth switching scheme.
Group based positioning for the PRS is mentioned in [14]. The need for a reduced capability indicator from the UE is discussed in [14]



Summary of observations/proposals:

	[1]
	Proposal 1: Considering UE complexity, the overlapped SRS frequency hopping transmission for RedCap positioning is recommended for normative work.

Proposal 2: Fast switching of SRS Tx transmission (e.g., sub-ms level switching time) between adjacent hops to enable Tx frequency hopping for RedCap UEs is recommended for normative work.

Proposal 3: Include the following text in the section 6.5.3 of the TR with regards to UL SRS frequency hopping configuration for RedCap UEs.
· The enhancements of SRS configuration to enable SRS frequency hopping transmission for RedCap UEs should be supported, which at least include
· Potential configuration of partial overlap between consecutive hops 
· Time gap between consecutive hops.
Proposal 4: Include the following text in the section 6.5.3 of the TR with regards to DL PRS frequency hopping for RedCap UEs.
· The enhancements of PRS frequency hopping based reception for RedCap UEs should be supported, including
· Frequency hopping based reception with a wide-band PRS transmission
· Frequency hopping based reception with a frequency hopping based transmission


	[3]
	Observation 16
· Frequency hopping requires RedCap UE to have greater capabilities, such as
· Capabilities of coherent processing multiple hops for DL frequency hopping
· Capabilities of error calibration to ensure errors with an acceptable range

Observation 18
· Frequency hopping requires UE to frequently perform RF retuning in a short period of time, which may violate low complexity requirement for RedCap UE. 

Observation 19
· Fast RF retuning (or symbol-level frequency hopping) is hard to be applied for the following reasons
· Inconsistent with ‘RF retuning’ operation of communication function for RedCap UE
· Performance degradation by symbol-level interruption or puncture
Observation 20
· The necessity of frequency hopping for RedCap positioning accuracy enhancement is debatable, considering the good performance brought by the 20MHz only bandwidth and potential accuracy enhancement brought by carrier phase positioning and AI positioning in Rel-18 study.



	[5]
	Observation 4: In frequency hopping it may be necessary for the UE to have some gap (e.g., 1 symbol) between the reception/transmission of different frequency hops. 
Proposal 2: The ability to receive wideband PRS signals with a narrow band receiver (e.g., over multiple 20 MHz chunks) and transmit wideband SRS signals on a narrow band transmitter (e.g., frequency hopping over multiple 20 MHz chunks) should be supported in Rel-18. 
Observation 5: The use case of DL Tx frequency hopping is questionable. 
Proposal 3: Support only DL Rx frequency hopping and UL Tx frequency hopping in Rel-18.  
Proposal 6: RAN1 to study a virtual SRS configuration for SRS for positioning frequency hopping. 


	[6]
	Proposal 1
· For UL positioning, a RedCap UE may transmit UL SRS for positioning in different BWPs beyond maximum RedCap UE bandwidth based on simplified BWP hopping to constitute a wideband SRS transmission.
· Simplified BWP hopping mechanism with frequency retuning gaps that are much shorter than Rel-15 BWP switching times should be explored during the normative phase.
Proposal 2
· For DL positioning, a gNB may transmit a wideband DL PRS sequence in the allocated resource over multiple symbols/slots, while a RedCap UE may perform frequency hopping in different time instances to receive different parts (in frequency) of the wideband DL PRS.
· Simplified frequency hopping mechanism with frequency retuning gaps that are much shorter than Rel-15 BWP switching times should be explored during the normative phase.
Proposal 3
· Send an LS to RAN4 soliciting feedback on feasibility of simplified BWP and frequency hopping methods for UL SRS transmission or DL PRS reception using much shorter RF retuning gaps than Rel-15 BWP switching times, considering at least the following assumptions:
· BWP or frequency hopping may be limited to DL-PRS reception or UL-SRS transmissions only (i.e., no Rx/Tx of other channels/signals), and
· the hopping patterns may be known a priori based on higher layer configuration.


	[7]
	Proposal 1: Further study frequency hopping mechanisms on SRS for positioning and PRS for RedCap UEs to cover more bandwidth. 


	[8]
	Proposal 1: For RedCap UE, further study the following candidate solutions of RS resource frequency hopping:
· Frequency hopping within one resource
· Frequency hopping within one resource set
· Frequency hopping between different CCs/BWPs/PFLs/resource sets 
Proposal 2: For RedCap UE positioning RS, introduce partial overlapping in frequency for adjacent hops.


	[9]
	[bookmark: _Toc115434006][bookmark: _Toc118714150]Observation 1: Bandwidth stitching operation in RedCap positioning may help to alleviate the performance loss due to bandwidth limitation.
[bookmark: _Toc115434007][bookmark: _Toc118714151]Observation 2: Bandwidth stitching requires RedCap UE to measure PRSs on multiple frequency bands. This can be achieved by frequency hopping.
[bookmark: _Toc118714152]Observation 3: Frequency hopping between two carriers would introduce a random phase offset (PO) due to the nature of PLL. The frequency offset may degrade the performance gain from bandwidth stitching.
[bookmark: _Toc118714153]Observation 4: Phase offset can be calibrated if two adjacent frequency bands have overlapping region.
[bookmark: _Toc118714445]Proposal 1: Support overlapping between two adjacent frequency hops to compensate the performance loss due to the phase offset.  
[bookmark: _Toc118714446]Proposal 2: Support frequency hopping with bandwidth stitching operation in RedCap UE positioning to improve the positioning accuracy.

[bookmark: _Toc118714447]Proposal 3: The details of frequency hopping with bandwidth stitching operation for RedCap UE can be defined during normative phase. It includes, the partial overlapping region between two adjacent bands, such as the size the of the overlapping region, time-gap, and UE capability of compensating the phase offset.


	[10]
	Observation 1: To support DL PRS / UL SRS frequency hopping, the receiver should be capable of performing coherent combining, eliminating the impact of potential frequency/phase inconsistency, and applying super resolution mechanisms, etc
Observation 2: When compared to UL SRS frequency hopping to support RedCap UE positioning, DL PRS frequency hopping requires more complicated UE capability for processing.

Proposal 1: At least UL SRS frequency hopping should be introduced to support RedCap UE positioning.
Proposal 2: To support RS frequency hopping, the partial overlapping in the frequency domain should be considered to mitigate the phase discontinuity between different hops.
Proposal 3: To support RS frequency hopping, the feasibility of UE capability including the requirement of frequency/phase inconsistency and RF retuning time should be further studied by RAN4.


	[11]
	Proposal 1: At least frequency hopping pattern for Tx hopping for PRS transmission should be signaled to the UE from the LMF


	[14]
	
Proposal 1: RAN1 should update the  PRS/SRS configuration (including frequency mapping, repetition, measurement gaps and muting patterns) to accommodate PRS Bandwidth Hopping with Tone Overlap.

Proposal 2: RAN1 should update the existing sets of values for the UE DL PRS processing capability as the maximum # of DL PRS resources that UE can process in a slot assumes no BWP switching (DL) or RF retuning. This may need some feedback from RAN4.

Proposal 3: RAN1 should investigate additionally investigate the following enhancements for RedCap UE positioning: 
· Reduced accuracy requirement indication: the RedCap UE may indicate that it may not require high accuracy positioning or it is stationary and does not require any position update
· Group based positioning schemes: RedCap UEs that are co-located (or in close proximity) to other UEs (e.g. with better positioning capability), may form a group to estimate the UE positions.


	[15]
	Proposal 1: Enhancements of PRS resource configuration for RedCap UEs should be considered.
Proposal 2: To enable frequency hopping for RedCap UEs positioning support, time/frequency domain enhancement should be considered including at least following:
· UL/DL BWP hopping/switching 
· SRS-positioning burst transmission 
· Time gap for SRS-positioning hopping 


	[16]
	Observation 1: 
· Discussions of SRS FH may be prioritized over that of PRS FH in terms of the complexity.
Proposal 1: 
· RAN1 should consider RF retuning during the measurement gap for the PRS FH measurement.
Proposal 2: 
· Up to 0.5 ms can be considered as the time gap between two consecutive hops for the DL positioning with frequency hopping.
· Final decision of the gap values may be up to RAN4.
Proposal 3: 
· It is preferable that the time gap between two consecutive hops is equal to or shorter than 180 us for UL positioning with frequency hopping.
· Final decision of the gap values may be up to RAN4.


	[17]
	Observation 3: Rx FH could help increase the performance in Redcap Positioning and met the requirement for IIOT case.
Proposal 2: the impact of time gap between two potential hops needs to be studied for FH based enhancement.


	[18]
	Observation 1: Enabling receiver’s PRS hopping would allow sharing the legacy PRS across eMBB and Redcap devices. 
Observation 2: Enabling transmitter’s PRS hopping could improve the Tx power, and further improve the positioning accuracy.
Observation 3: BWP switching delay is large considering the use case of PRS frequency hopping. 
Observation 4: Reusing BWP switching for enabling DL-PRS frequency hopping would couple 2 different features (BWP switching) to (PRS Frequency hopping) unnecessarily. 
Observation 5: Reusing BWP switching for enabling DL-PRS frequency hopping would enable to sample only up to 4 subbands (e.g. total of 80 MHz for a 20 MHz UE).  
Observation 6: Introducing a new, leaner BWP switching framework would be a non-efficient solution
Observation 7: With regards to the retune time for SRS, a value of 70 usec could allow to have a UE to sound 5 single-symbol SRS within 14 symbol slot and therefore cover the whole 100 MHz inside a single UL slot.

Proposal 1: For the purpose of enhancing the performance of NR Positioning for Redcap devices, enhancements for enabling Receive DL-PRS frequency hopping for both FR1 and FR2 should be introduced.
Proposal 2: For the purpose of enhancing the performance of NR Positioning for Redcap devices, enhancements for enabling Transmit DL-PRS / SRS frequency hopping for both FR1 and FR2 should be introduced considering DL-PRS / SRS Tx hopping with overlapping tones and intra-slot DL-PRS / SRS fast switching. 
Proposal 3: With regards to DL-PRS frequency hopping, consider a MG-based DL-PRS frequency hopping wherein the UE is expected to perform up to N Rx Retunings during a single MG instance in order to measure multiple frequency parts of a single PRS resource, with N = [4]. 
· UE capabilities, supportable retune time, and additional procedures, can be defined during the work item phase. 
· The above can be applicable to both Tx and Rx DL-PRS frequency hopping

Proposal 4: DL-PRS frequency hopping for legacy MG-based PRS processing should be introduced. 
Proposal 5: Study further during the normative phase, whether, and how, frequency hopping for MG-less PRS processing can be specified. 
Proposal 6: For frequency hopping for SRS for Positioning, study further the following options:
· Option 1: Use the BWP switching mechanism(s) as a starting point
· Option 2: Define SRS for positioning associated with a CC (and not an active BWP) with each own numerology and bandwidth (e.g. similar to the SRS for Positioning of Rel-17 RRC inactive feature). 

Proposal 7: For the purpose of enhancing the performance of NR Positioning for Redcap devices, enhancements for enabling receive DL-PRS frequency hopping for both FR1 and FR2 should be introduced considering DL-PRS hopping with overlapping tones and intra-slot DL-PRS fast switching. 



	[19]
	Proposal 1: For UL SRS for positioning on RedCap devices, partial overlap Tx frequency hopping of adjacent hops should be supported
[bookmark: _Hlk118739977]Observation 1: For DL PRS reception at RedCap devices, partial overlap Rx frequency hopping of adjacent hops is valid to achieve enough positioning accuracy on DL positioning
Observation 2: For DL PRS transmission at gNB, the necessity of Tx frequency hopping with dedicated resources for RedCap devices depends on whether PRS can shared between the non-RedCap devices (which always assume full bandwidth PRS transmissions) and RedCap devices or not.


	[20]
	Observation 2-1: If the repetition number for DL-PRS transmission with larger BW is sufficient so that the Redcap UE is able to finish a round of RX hopping, then TX frequency hopping with smaller BW is not needed.

Proposal 2-1: For the DL-PRS transmission by TX hopping, consider full staggering transmission in first BW and partial staggering transmission in other BWs to shorten the total transmission time

Proposal 2-2: Similarly, for the SRS transmission by TX hopping, consider full staggering transmission in first BW and partial staggering transmission in other BWs to shorten the total transmission time 

Proposal 2-3: Then TX frequency hopping with smaller BW for DL-PRS transmission could be conducted close to the DL-PRS transmission with larger BW to facilitate UE to perform RX frequency hopping


	[21]
	Proposal 1: For NR RedCap UEs, study the PRS frequency hopping scheme and consider the configuration including number of frequency hopping sub-bands, and resource allocation in time domain and frequency domain for each frequency hopping sub-band.
Proposal 2: For frequency hopping of PRS, support configuration overlapped bandwidth between two hops to address the influence caused by phase offset between hops.
Proposal 3: Support study the influence of measurement period, measurement gap configuration on pattern of frequency hopping for PRS.
Proposal 4: For NR RedCap UEs, if frequency hopping is enable, study the muting mechanism for frequency hopping sub-bands.
Proposal 5: For NR RedCap UEs, study how to reuse the PRS configuration scheme of normal UEs.
Proposal 6: Consider using small SCS to increase the positioning performance for RedCap UEs with low speed at least.


	[22]
	Observation 1	Non-overlapped PRS frequency hopping pattern can be used to support the case of PRS frequency hopping without RF retuning.
Observation 2	Closely adjacent PRS frequency hopping pattern can be used to support the case of PRS frequency hopping with RF retuning but introduce additional algorithm complexity at the UE side.
Observation 3	Partially overlapped PRS frequency hopping pattern can be used to support the case of PRS frequency hopping with RF retuning but require more PRS resources and possibly more PRS frequency hopping.



 
Proposals for conclusion of the study 
It is proposed to discuss the following aspects during the meeting for conclusions:

· Should PRS or SRS, or both of SRS and PRS be enhanced with frequency hopping: companies have mentioned that PRS frequency hopping presents some complexity challenges at the UE side in order to keep the PRS hops phase aligned
· support PRS and/or SRS (depending on the outcome of the previous point) frequency hopping with overlapping hops considering also:
· how to specify the hopping pattern(s), i.e., within a resource, across resources, etc. 
· specifying time gaps between hops short enough to allow hops within a frame or even a slot, considering UE speed / channel coherency. This implies for example:
· study how to realise the Tx hopping, either with exisiting BWP switching mechanisms or with a new mechanism
· using partial staggering to keep the transmission short enough to fit available UL slots
· using SRS bursts
· specifying an overlap between hops. This includes the amount of overlap required.
· Whether Tx hopping for PRS should be supported
· whether group-based SRS/PRS transmission be supported
· whether the rel17 gapless measurements should be supported for redcap UEs


please mention eventual additional proposals be discussed for conclusions below: 

	Company
	Comment

	CATT
	According the conclusion in RAN1#110bis-e as shown below, any non-RedCap-specific enhancements regarding CPP should be studied under AI 9.5.2.2 in Rel-18. Hence, the RedCap-specific enhancements regarding CPP still can be studied in RedCap UE pos Agenda. In addition, since source [22] observed that a redcap UE using CPP can meet the IIOT requirements if frequency hopping enhancements are also used, we prefer to further study the combination of hopping and CPP to meet the RedCap requirement in Rel-18. So we prefer to add one new proposal as follows,
· Study RedCap-specific enhancements regarding carrier phase positioning, including how to apply frequency hopping enhancements to carrier phase positioning.

Conclusion in RAN1#110bis-e
The evaluation results for positioning for RedCap UEs using carrier phase measurements can be captured in the TR to show whether target requirement of positioning for RedCap UEs can be met or not, but any non-RedCap-specific enhancements regarding CPP should be studied under AI 9.5.2.2 in Rel-18.
· For the modelling of error sources specific to carrier phase measurements, the evaluations assumptions agreed in AI 9.5.2.2 are reused.
· Note: Phase-difference AoD can be included in the evaluations. Support of Phase-difference AoD for CPP should be discussed under AI 9.5.2.2.


	
	




first round of discussions  

Proposal 4-5 is the starting proposal for the wording of the conclusions. The following 4 questions are asked in order to further update what should be recommended in the conclusions. 

Question 4.1-1: Should the conclusion recommend PRS or SRS, or both of SRS and PRS to be enhanced with frequency hopping? Alternatively, should the down selection be discussed during the WI phase?

Companies are encouraged to provide their views on the proposal in the table below:
Question 4.1-1:
	Company
	Comment

	CATT
	We prefer to keep both PRS and SRS in the conclusion for the TR at current stage, and try to discuss whether down select from PRS and SRS or keep both of them in the WI phase, based on the application scenarios, benefits, complexity, overhead, etc.

	ZTE
	Support to recommend PRS and SRS frequency hopping since based on the majority companies’ contribution, frequency hopping is beneficial for positioning accuracy enhancement. The details or down-selection can be discussed in WI phase.

	vivo
	Based on the above observation, we found the performance gain can be obtained with some conditions(e,g, the phase error, timing gap, timing error between hops smaller than a threshold). But without the evaluation of RAN4, we are not sure those conditions can be satisfied.
In addition, from the perspective of UE capability and complexity, UE is required to be able to coherent combining the measurement results of multiple hops in baseband. 

Therefore, we would like to further consider the above condition and UE capability, if it can be satisfied, it can be specified in normative work

So, we propose,

Frequency hopping can be specified during normative work, if the phase error, timing gap, or timing error between hops can be guaranteed to be smaller than a threshold

	Qualcomm
	With regards to PRS hopping, we support recommending it without downscoping whether it is Tx or Rx hopping; the downslection between those 2 could be in the WI, if needed. If we have to choose in this meeting, our preference is to recommend Rx PRS hopping over Tx PRS hopping.
With regards to whether we should recommend DL PRS or SRS hopping or both, we should recommend hopping for both directions, and not prioritize DL over UL or vice versa. 

	Huawei, Hisilicon
	We don’t think we should exclude anything at this stage. Both of SRS and PRS to be enhanced with frequency hopping can be recommended for WI study. 

	SONY
	We can conclude to recommend frequency hopping operation for both PRS and SRS. The details (including possible down-selection) can be further discussed in the normative work.

	
	






Question 4.2-1: Should Tx hopping for PRS should be recommended? Alternatively, should the issue be discussed in the WI phase?

Companies are encouraged to provide their views on the proposal in the table below:
Question 4.2-1:
	Company
	Comment

	CATT
	We prefer to keep the Tx hopping for PRS as the potential candidate scheme, and further discuss this issue in the WI phase.

	ZTE
	Prefer to discuss this in the WI phase.

	vivo
	At least, Tx hopping for PRS is not needed.

	Qualcomm
	We prefer to at least recommend Rx PRS hopping, if we had to pick between Tx & Rx PRS hopping.

	Huawei, Hisilicon
	Suggest to clarify the difference between Tx hopping for PRS and PRS enhanced with frequency hopping. Based on our understanding, “PRS enhanced with frequency hopping” includes Tx hopping for PRS transmission and Rx hopping for PRS reception. If so, we think it should be discussed in the WI phase.

	SONY
	The details of the frequency hopping operation (i.e., either Tx or Rx hopping) can be discussed during normative work.

	
	






Question 4.3-1:: should group based [SRS]/PRS transmission be recommended? Alternatively, should the issue be discussed in the WI phase?

Companies are encouraged to provide their views on the proposal in the table below:
Question 4.3-1:
	Company
	Comment

	CATT
	It seems that there is one typo in the question 4.3-1, it should be group-based [SRS]/PRS transmission instead of based [SRS]/PRS transmission.
We prefer to keep the group-based [SRS]/PRS transmission as the potential candidate scheme, and further discuss this issue in the WI phase.

	ZTE
	More clarification is needed on what’s the definition of group-based [SRS]/PRS transmission.

	Qualcomm
	If this question is about group-based PRS/SRS, we do not support recommending it, nor studying it further during the WI. 

	Huawei, Hisilicon
	We are confused about the difference/relationship of Question 4.3-1 and Question 4.2-1.

	FL
	Apologies for the missing word, the question should indeed refer to group based SRS/PRS. 

	SONY
	Should it be discussed in RAN2?




Question 4.4-1: should PRS frequency hopping (if specified, see question 4-1) support the rel17 gapless measurement framework?  Alternatively, should the issue be discussed in the WI phase?

Companies are encouraged to provide their views on the proposal in the table below:
Question 4.4-1:
	Company
	Comment

	CATT
	It seems that both MG-based DL-PRS and MG-less DL-PRS are possible configuration for RedCap UE positioning, we prefer to keep the rel17 gapless measurement framework for PRS frequency hopping as the potential candidate scheme, and further discuss this issue in the WI phase.

	ZTE
	We share the similar view with CATT. We are open to discuss both MG-based and MG-less measurement framework in the WI phase.

	Qualcomm
	We prefer at least MG-based PRS hopping to be recommended, but we are OK to keep MG-less PRS hopping to be studied further during the WI.

	Huawei, Hisilicon
	It should be discussed in the WI phase.

	SONY
	Similar view as QC, MG-based PRS should be discussed first.

	
	




Proposal 4.5-1: capture the following in the TR conclusions:
 
· support of [PRS and/or SRS (depending on the outcome of the previous point)] frequency hopping is recommended,  with consideration to the following :
· how to specify the hopping pattern(s), i.e. within a resource, across resources, etc. 
· specifying time gaps between hops short enough to allow hops within a frame or even a slot, considering UE speed / channel coherency. This implies for example:
· study how to realise the Tx hopping, either with existing BWP switching mechanisms or with a new mechanism
· using partial staggering to keep the transmission short enough to fit available UL slots
· using SRS bursts
· specifying an overlap between hops. This includes the amount of overlap required.
 
Companies are encouraged to provide their views on the proposal in the table below:
Proposal 4.5-1
	Company
	Comment

	CATT
	As we mentioned above, according the conclusion in RAN1#110bis-e as shown below, any non-RedCap-specific enhancements regarding CPP should be studied under AI 9.5.2.2 in Rel-18. Hence, the RedCap-specific enhancements regarding CPP still can be studied in RedCap UE pos Agenda. In addition, since source [22] observed that a redcap UE using CPP can meet the IIOT requirements if frequency hopping enhancements are also used, we prefer to further study the combination of hopping and CPP to meet the RedCap requirement in Rel-18. So we prefer to add one bullet as follows,

Updated Proposal 4.5-1: capture the following in the TR conclusions:
 
· support of [PRS and/or SRS (depending on the outcome of the previous point)] frequency hopping is recommended,  with consideration to the following :
· how to specify the hopping pattern(s), i.e. within a resource, across resources, etc. 
· specifying time gaps between hops short enough to allow hops within a frame or even a slot, considering UE speed / channel coherency. This implies for example:
· study how to realise the Tx hopping, either with existing BWP switching mechanisms or with a new mechanism
· using partial staggering to keep the transmission short enough to fit available UL slots
· using SRS bursts
· specifying an overlap between hops. This includes the amount of overlap required.
· Study RedCap-specific enhancements regarding carrier phase positioning, including how to apply frequency hopping enhancements to carrier phase positioning.


Conclusion in RAN1#110bis-e
The evaluation results for positioning for RedCap UEs using carrier phase measurements can be captured in the TR to show whether target requirement of positioning for RedCap UEs can be met or not, but any non-RedCap-specific enhancements regarding CPP should be studied under AI 9.5.2.2 in Rel-18.
· For the modelling of error sources specific to carrier phase measurements, the evaluations assumptions agreed in AI 9.5.2.2 are reused.
· Note: Phase-difference AoD can be included in the evaluations. Support of Phase-difference AoD for CPP should be discussed under AI 9.5.2.2.


	ZTE
	Generally OK.

	vivo
	Same view as questions 4.1-1 
In addition, we don’t support ‘specifying time gaps between hops short enough to allow hops within a frame or even a slot’, since it implies that fast RF retuning is supported for RedCap positioning. However, as far as we know, fast RF retuning (or symbol-level hopping) is not supported for the communication function of RedCap UE, since NCD-SSB based measurements in RRC-configured DL BWP is eventually supported by RedCap UE, while fast RF retuning is one of solutions for the same purpose that are excluded. In our view, for a RedCap UE, the support of ‘fast RF retuning’ for positioning is better to be consistent with the support of ‘fast RF retuning’ for communication function, rather than excessively exceeding UE capabilities. 

	Huawei, Hisilicon
	We think these issues for SRS frequency hopping and PRS frequency hopping should be discussed separately. 




Status prior to wednesday offline and updated proposal
Regarding Question 4.1-1: Should the conclusion recommend PRS or SRS, or both of SRS and PRS to be enhanced with frequency hopping? Alternatively, should the down selection be discussed during the WI phase, and Question 4.2-1: Should Tx hopping for PRS should be recommended? Alternatively, should the issue be discussed in the WI phase?

· From the received comments, companies want to keep both SRS and PRS in scope, together with Tx/Rx hopping for PRS, for further discussion during the work item discussion.  For the comment from vivo on maximum error of phase/timing error, my understanding is that such threshold would be worked out, if needed, by RAN4 during the WI phase. 

For Question 4.4-1: should PRS frequency hopping (if specified, see question 4-1) support the rel17 gapless measurement framework?  Alternatively, should the issue be discussed in the WI phase?

· Companies are open to discuss both MG based and gapless measurements for redcap UEs, to be discussed during the WI phase. 


From the comments in proposal 4.5-1:
· Huawei proposes to split the proposal between PRS and SRS
· Vivo has concern for short time gap. From the FL perspective, we could conclude that the gap size can be discussed during the SI.
· CATT wants to include carrier phase based measurement in the proposal. considering the discussion in the CPP agenda, from the FL perspective I would like to wait on CPP for redcap UEs to better align with the conclusion on non-redcap UEs. 

The proposal is revised as follow:

Proposal 4.5-1a: capture the following in the TR conclusions :
 
· For positioning of RedCap UEs, support of PRS frequency hopping is recommended, with consideration to the following:
· Study the maximum tolerable phase error, timing gap, or timing error between hops
· Whether to specify support for only Rx hopping or both Tx and Rx hopping for the PRS
· How to specify the hopping pattern(s), i.e. within a resource, across resources, etc. 
· Specifying time gaps between hops, including studying how short time gaps can be 
· This implies for example:
· study how to realize the Tx hopping, either with existing BWP switching mechanisms or with a new mechanism 
· specifying an overlap between hops. This includes the amount of overlap required.
· Other issues are not precluded.

Proposal 4.5-2: capture the following in the TR conclusions:
 
· For positioning of RedCap UEs, support of SRS frequency hopping is recommended, with consideration to the following:
· Study the maximum tolerable phase error, timing gap, or timing error between hops
· How to specify the hopping pattern(s), i.e. within a resource, across resources, etc. 
· Specifying time gaps between hops, including studying how short time gaps can be 
· . This implies for example:
· study how to realize the Tx hopping, either with existing BWP switching mechanisms or with a new mechanism
· using partial staggering to keep the transmission short enough to fit available UL slots
· using SRS bursts
· specifying an overlap between hops. This includes the amount of overlap required.

second round of discussion
As the proposals were not discussed during the previous offline and online sessions, let’s collect some views to see if we can make progress prior to the next online discussion:

Companies are encouraged to provide their views on the proposals in the table below:
Proposal 4.5-1a and 4.5-2:
	Company
	Comment

	 Nokia/NSB
	As a general question: Is the intention for these conclusions to go directly to the conclusion section of the TR or they will go to Section 6.X.X on identified specification impacts? From our side we think there are too many details for the conclusion section and we should only add the main bullet to the conclusion section. 
As a general comment: We think “with consideration of the following” and “this implies for example” are not so clear. We would suggest to reword the main bullet as “recommend X and as part of the normative work it may include the following: blah blah”
On Proposal 4.5-1a: We prefer to see if we can already down-select to only Rx frequency hopping for DL. 
On Proposal 4.5-2: It may be obvious but we should clarify that this is only Tx SRS frequency hopping in the main bullet. 

	 CATT
	We can understand that common CPP scheme will be discussed in CPP Agenda item, but the RedCap-specific enhancements regarding CPP still can be studied in RedCap UE pos Agenda according to previous conclusion. In addition, the performance of CPP with RedCap UEs using 20MHz of bandwidth was evaluated and the related observation has been agreed to be captured into the TR, then we think it is reasonable to also capture the candidate CPP enhancements into the conclusion. We also add a note to explain the enough progress of common CPP scheme is needed before studying the RedCap-specific enhancements regarding CPP. We prefer the following version of proposal 4.5-1a (Our changes are in blue):
Updated Proposal 4.5-1a: capture the following in the TR conclusions : 
· For positioning of RedCap UEs, support of PRS frequency hopping is recommended, with consideration to the following:
· Study the maximum tolerable phase error, timing gap, or timing error between hops
· Whether to specify support for only Rx hopping or both Tx and Rx hopping for the PRS
· How to specify the hopping pattern(s), i.e. within a resource, across resources, etc. 
· Specifying time gaps between hops, including studying how short time gaps can be 
· This implies for example:
· study how to realize the Tx hopping, either with existing BWP switching mechanisms or with a new mechanism 
· specifying an overlap between hops. This includes the amount of overlap required.
· Other issues are not precluded.
· Study RedCap-specific enhancements regarding carrier phase positioning, including how to apply frequency hopping enhancements to carrier phase positioning.
· Note: this study may be put on hold until enough progress obtained in CPP Agenda Item.


	vivo
	We have some concerns about this proposal
Firstly，there are many issues that are not studied clearly, for example, the threshold of tolerable phase error, timing gap, and timing error between hops is unclear. In addition, in study Item, no RAN4 involve in evaluating that threshold, and the complexity of hoping is reasonable for Redcap UE. But if those conditions can not be met in reality, support it is meaningless.
Secondly, we prefer to remove wording like” to specify…”
So, we prefer to continue studying further rather than support directly with RAN4 involvement, if the condition and complexity are met with further evaluation, we can directly specify it in normative work  

· For positioning of RedCap UEs, further study support of PRS frequency hopping is recommended, with consideration to the following:
· Study the maximum tolerable phase error, timing gap, or timing error between hops
· The UE complexity and feasibility
· Whether to specify support for only Rx hopping or both Tx and Rx hopping for the PRS
· How to specify the hopping pattern(s), i.e. within a resource, across resources, etc. 
· Specifying time gaps between hops, including studying how short time gaps can be 
· This implies for example:
· study how to realize the Tx hopping, either with existing BWP switching mechanisms or with a new mechanism 
· specifying an overlap between hops. This includes the amount of overlap required.
· Other issues are not precluded.





Status prior to wednesday online and updated proposal
Based on the received proposals, it seems that we want to keep the conclusion compact and provide further details in the TR Redcap Positioning section. The proposals are rewritten to split the text to be captured between the conclusion and the main body of the TR. 

Proposal 4.5-1b 

Capture the following in the TR conclusions :
 
· For positioning of RedCap UEs, support of PRS frequency hopping is recommended for normative work.
· From UE perspective, the applicability, complexity and feasibility  for RedCap UE can be further studied

Capture the following in section 6.5.3 of the TR:

The following items have been identified for futher study and eventual specification of NR 
positioning for RedCap UEs:
· Study the maximum tolerable phase error, timing gap, or timing error between hops
· Whether to specify support for only Rx hopping or both Tx and Rx hopping for the PRS
· How to specify the hopping pattern(s), i.e. within a resource, across resources, etc. 
· Specifying time gaps between hops, including studying how short time gaps can be. This implies for example:
· study how to realize the Tx hopping, either with existing BWP switching mechanisms or with a new mechanism 
· specifying an overlap between hops. This includes the amount of overlap required.
· Other issues are not precluded.
· Study RedCap-specific enhancements regarding carrier phase positioning, including how to apply frequency hopping enhancements to carrier phase positioning.
· Note: this study may be put on hold until enough progress obtained in CPP Agenda Item.


Proposal 4.5-2a: 
Capture the following in the TR conclusions : 
· For positioning of RedCap UEs, support of SRS frequency hopping is recommended for normative work

Capture the following in section 6.5.3 of the TR:
The following items have been identified for futher study and eventual specification of NR 
positioning for RedCap UEs:

· Study the maximum tolerable phase error, timing gap, or timing error between hops
· How to specify the hopping pattern(s), i.e. within a resource, across resources, etc. 
· Specifying time gaps between hops, including studying how short time gaps can be.  This implies for example:
· study how to realize the Tx hopping, either with existing BWP switching mechanisms or with a new mechanism
· using partial staggering to keep the transmission short enough to fit available UL slots
· using SRS bursts
· specifying an overlap between hops. This includes the amount of overlap required.


Additional proposals

In [2], it is proposed to support a UE reporting channel estimation to its serving gNB or LMF. 
· FL note: this was proposed during rel16 and not pursued.
In [2], it is proposed to support PRACH signals for distance estimation with smaller TA. 
· From the FL perspective, TA based on PRACH are supported since TEI-17, with granularity of 128Tc (65ns) or 512Tc (260ns), therefore the need for additional support is not clear. 
In [3] considerations for power saving are discussed
· FL note: power considerations were discussed during RAN1#110b-e and several companies already expressed that the issue should be down prioritize.
In [5], it is proposed to discuss RRM relaxation for redcap UEs positioning measurements
· FL note: this could be brought up in RAN4 during the WI phase.
In [3] considerations to half-duplex are discussed with collision rules between SRS and PRS. 
In [12], it is proposed to include requirements for public safety use cases, on top of IIOT and commercial use cases
· FL notes: the requirements for submeter accuracy indoor overlaps with IIOT, but the other requirements would be new.
· 

	[2]
	Proposal 1: 
· To reduce the UE complexity, it is proposed for RedCap UE to report channel estimation to its serving gNB or LMF and the gNB or LMF implement the position calculation with the reported channel estimation. 

Proposal 2： 
· For IIoT scenarios, the number of gNBs/TRPs for distance/angle measurement is large. Distance/angle computation with low complexity method can be helpful to lower the requirement for UE computation ability.

Proposal 3：
· To reduce the scheduling complexity at network, resource overhead, UE service fee and UE power, it is proposed that PRACH signal can be used for distance estimation.

Proposal 4：
· To improve the positioning accuracy, smaller TA granularity should be specified. With smaller TA granularity, the performance in FR2 can approach the requirement for RedCap UE positioning.


	[3]
	Proposal 1
· For power saving, positioning impacted by CDRX should be considered for RedCap positioning, including:
· PRS measurement behavior inside/outside drx-onDurationTimer or DRX active time.
· LMF awareness of DRX configurations and DRX state change(e.g., short-long DRX cycle transition due to drx-ShortCycleTimer, etc.).
· Related signaling and procedure. 
Proposal 2
· The following aspects can be considered for RedCap positioning, including:
· Separated initial BWP support for PRS measurement and SRS transmission.
· Priority/collison rules for DL PRS processing and SRS transmission when Half-duplex FDD is supported.
· The impact of UE not supporting CA/DC.


	[5]
	Proposal 11: RAN1 to study methods for reducing the impact of reduced capability features (e.g., RRM measurement relaxation) on the positioning measurement accuracy of RedCap UEs. 


	[12]
	Proposal 1: Discuss and agree to support Public Safety requirements and use cases that require positioning for RedCap device types that include embedded sensors.
Proposal 2: Discuss and Agree TP against TR38.859 as shown in Annex A that includes additional text for Public Safety specific requirements for RedCap UEs.
Proposal 3: Discuss and agree additional consideration for relative positioning versus absolute positioning in the context of RedCap positioning.


	[14]
	· Energy Aware Positioning: the positioning procedure may account for the DRX cycle so as to (a) ensure that the RS configurations match the DRX ON duration  in the short and long DRX cycle (b)  the RS measurements occur only during a DRX active time and/or (c) for a DRX inactive time, the RS configurations match the paging cycle 


	[22]
	Proposal 6	Enhancement of Bluetooth positioning in LPP based on BLE 5.1 can be discussed in RAN2.



Conclusion
TBD
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