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Introduction
This document covers RAN4 discussions on accuracy improvement studies of the Rel-18 expanded and improved NR positioning study item (agenda items 8.19.2 and 8.19.3).
Topic #1: Study of accuracy improvement based on PRS/SRS bandwidth aggregation for intra-band carriers
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218416
Discussion of the impact of group delay on the performance of PRS/SRS aggregation
	LG Electronics
	Simulation results of group delay of commercial PA and LNA
Observation 1: The TAE requirement is related to transmitter only. But for PRS/SRS BW aggregation positioning, the receiver side should also be considered when confirming the TAE by group delay.
Observation 2: The TAE by group delay at commercial PA and LNA module is small enough and can be negligible.
Proposal 1: The TAE by the group delay is sufficiently small, so it is possible to achieve a TAE value at a level where PRS/SRS bandwidth aggregation positioning can get gain.

For single RF chain architecture, TAE between PFLs/carriers transmitted from different antennas
Proposal 2: Deprioritize TAE between PFLs/carriers transmitted from different antennas scenario.

	R4-2219357
Further discussion on CA based positioning enhancement bandwidth aggregation for intra-band carriers
	ZTE Corporation
	RF architecture for Intra-band contiguous CA case
Observation 1: From BS hardware supporting the intra-band contiguous CA case, timing difference/phase coherency among the aggregated contiguous carriers would be mainly impacted by group delay response of PA and analog filtering in different frequency ranges. For other error source (e.g. frequency error or power imbalance) which might impact positioning accuracy, these contributing factors in intra-band contiguous CA case are negligible.
Observation 2: From UE hardware perspective, just similar as BS side, timing difference/phase coherency among the aggregated contiguous carriers would be mainly impacted by group delay response of PA and analog filtering in different frequency ranges. For other error source (e.g., frequency error or power imbalance) which might impact positioning accuracy, these contributing factor in intra-band contiguous CA case are negligible.

Performance evaluation for intra-band contiguous CA
Proposal 1: RAN4 need to study the minimum requirements to achieve the positioning accuracy improvement for intra-band contiguous CA compared with single component carrier case and its feasibility to fulfill the minimum requirements. The minimum requirement for CA based positioning should be much better that the legacy intra-band contiguous CA TAE requirements.
Proposal 2: To follow the legacy assumption of the common FFT for intra-band contiguous CA in Rel-18.

FR1 intra-band contiguous CA 
Observation 3: for FR1 intra-band contiguous CA based positioning, when the relative timing alignment error is less than 2ns, then the positioning accuracy of intra-band contiguous CA (100+100MHz) would be better that of single carrier 100MHz.

FR2 intra-band contiguous
Observation 4: for FR2-1 intra-band contiguous CA based positioning, when the relative timing alignment error is less than 2ns, then the positioning accuracy of intra-band contiguous CA would be better that of single carrier.

Measurement results for intra-band contiguous CA TAE
Observation 5: for FR1 intra-band contiguous CA scenario, extremely small timing difference (e.g., less than 2ns) in DL/UL between contiguous CCs is feasible.
Observation 6: for FR2 intra-band contiguous CA scenario, extremely small timing difference between contiguous CCs due to RF filtering is around 0.2ns.

	R4-2219411
Discussion on RF impairments for NR positioning
	Huawei, HiSilicon
	Observation 1: Group delay is larger for a filter with very narrow transition band.
Observation 2: The group delay has little impact on intra-band contiguous CA for a filter with wide transition band. 
Proposal 1: Timing difference impact to the positioning accuracy could be further evaluated by RAN1, but no further discussion on TAE requirement is needed in RAN4, since better TAE is not a generic assumption for all operating bands and deployment scenarios.
Proposal 2: Further study the performance impact due to group delay especially for the case with dramatic phase change at the band edge for the band supporting large aggregated channel BW.

	R4-2219465
RF issues related to bandwidth aggregation for positioning measurement 
	Ericsson
	Observation 1: In a single RF chain architecture, CCs/PFLs pass through the same RF chain such that there is no timing alignment error between the CCs/PFLs.
Proposal 1: Studying TAE for single RF chain architecture is not needed.

	R4-2220037
Study of PRS/SRS bandwidth aggregation – RF aspects
	Qualcomm Inc.
	Proposal 1: Include the following conclusions from RAN4 in the LS to RAN1
· PRS/SRS bandwidth aggregation for intra-band contiguous carrier is feasible for single chain Tx/Rx architectures at both the UE and gNB.
· The assumption for a single-chain Tx architecture is that PRS/SRS resources to be aggregated are transmitted from a single Tx antenna.



Open issues summary
Sub-topic 1-1: TAE and group delay
In the most recent RAN4 meeting, single RF chain architecture was agreed to be prioritized for both BS and UE (R4-2217739). Additionally, the following agreements were reached for the PRS/SRS bandwidth aggregation scenario:
Agreements:
· Prioritize intra-band contiguous CA with simultaneous PRS/SRS transmission for the RF and RRM impacts study.
· CA configurations with 2, 3 and 4 CCs should be investigated and the configuration with 2 CCs should be prioritized over 3 and 4 CCs.
· [bookmark: _Hlk116656930]The TAE and group delay need be studied. In addition, phase noise needs be studied for FR2.

Agreement:
· Studying TAE for single RF chain architecture
· For single RF chain architecture, TAE between PFLs/carriers transmitted from different antennas is FFS




Issue 1-1a: TAE for single RF chain architecture
· Proposals
· Option 1: The TAE by the group delay is sufficiently small, so it is possible to achieve a TAE value at a level where PRS/SRS bandwidth aggregation positioning can get gain. (LGE, R4-2218416)
· Option 2: Deprioritize TAE between PFLs/carriers transmitted from different antennas scenario. (LGE, R4-2218416)
· Option 3: Timing difference impact to the positioning accuracy could be further evaluated by RAN1, but no further discussion on TAE requirement is needed in RAN4, since better TAE is not a generic assumption for all operating bands and deployment scenarios. (Huawei, R4-2219411)
· Option 4: Studying TAE for single RF chain architecture is not needed. (Ericsson, R4-2219465)
· Recommended WF
· Companies are encouraged to share their views on the options above, particularly:
· Whether to deprioritize TAE between PFLs/carriers transmitted from different antennas scenario
· If no further discussion on TAE requirement is needed in RAN4 (timing difference impact to the positioning accuracy can be further evaluated by RAN1)
· Whether studying TAE for single RF chain architecture is not needed


Issue 1-1b: Group delay
Agreement:
· RAN4 to evaluate the impact of group delay on the performance of PRS/SRS aggregation covering PRS/SRS resources with both same PRS bandwidth and different bandwidths



· Options
· Proposal 1: Further study the performance impact due to group delay especially for the case with dramatic phase change at the band edge for the band supporting large aggregated channel BW. (Huawei, R4-2219411)
· Recommended WF
· Companies are invited to provide feedback for Proposal 1

Sub-topic 1-2: Content of RAN4 LS to RAN1
This sub-topic will address the specific content (agreements/conclusions) to be communicated to RAN1.
Issue 1-2: LS to RAN1
· Proposals 
· Option 1: (Qualcomm, R4-220037) 
· PRS/SRS bandwidth aggregation for intra-band contiguous carrier is feasible for single chain Tx/Rx architectures at both the UE and gNB
· The assumption for a single-chain Tx architecture is that PRS/SRS resources to be aggregated are transmitted from a single Tx antenna
· Option 2: Others
· Recommended WF
· Approve Option 1, but verify whether the meaning of single chain Tx architecture within the context of this discussion is aligned with companies’ understanding
· Companies may share their views on additional content for the LS
· Agreements reached during this meeting can also be captured in the LS

Topic #2: Study of accuracy improvement based on NR carrier phase measurements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2219466
RF issues related to carrier phase measurement for positioning
	Ericsson
	Observation 1: Conclusion from the evaluation of impact of different error sources on carrier phase measurement for positioning is yet to be finalized in RAN1.
Proposal 1: Based on observation 1, RAN4 should uphold its previous agreement on RF issues related to carrier phase measurement for positioning.

	R4-2219915
Discussion on NR positioning measurement accuracy improvement based on carrier phase measurement
	Nokia, Nokia Shanghai Bell
	Observation 1: Minimizing the source of error in carrier phase measurement will result in minimizing the phase measurement error.
Observation 2: At FR2, phase noise could potentially hit the positioning signal measurement and degrade the positioning accuracy due to faster phase variation and increased difficulty in estimation.
Proposal 1: RAN4 should study how to minimize impact from phase noise in FR2 in order to reduce phase measurement error and may reuse the phase noise model used for PRS/SRS bandwidth aggregation in FR2.
Observation 3: Consolidating phase measurement from multiple TRPs may not be straightforward as the measured phase may differ significantly among multiple TRPs due to many factors as mentioned above.
Proposal 2: RAN4 should study different factors influencing phase errors among different TRPs and provide the corresponding feedback to RAN1.
Observation 4: To handle the carrier phase error and minimize its impact on carrier phase measurement, an error source model needs to be identified.
Proposal 3: RAN4 to study error source models based on the error sources identified by RAN1 and provide feedback to RAN1 as needed.
Proposal 4: RAN4 to investigate if there are any RF impacts for support of NR carrier phase measurements for RRC states RRC_INACTIVE and RRC_IDLE during the feasibility study.



Open issues summary
Sub-topic 2-1: Study on RF requirement
In RAN4 #104e, RAN4 agreed to wait for RAN1 conclusion or LS to start work on this study (R4-2214462). The issue was discussed again during RAN4 #104Bis-e, where the following agreement was captured (R4-2217739):
Agreement:
· RAN4 shall wait for conclusion from RAN1 evaluation of impact of different error sources on carrier phase measurement before starting study on RF requirement for NR carrier phase measurement.

Issue 2-1: Carrier phase measurement
· Proposals
· Option 1: Leave RAN4 discussions of issues related to carrier phase measurement for WI phase
· Observation: Conclusion from the evaluation of impact of different error sources on carrier phase measurement for positioning is yet to be finalized in RAN1. (Ericsson, R4-2219466)
· Proposal: Based on the observation above, RAN4 should uphold its previous agreement on RF issues related to carrier phase measurement for positioning. (Ericsson, R4-2219466)
· Option 2: Other
· Recommended WF
· Considering this is the last RAN4 meeting of the study phase, recommendation is to agree on Option 1 and leaving carrier phase measurement discussions for WI phase

Sub-topic 2-2: Scope of RAN4 study
Proposals for the scope of this study were discussed in RAN4 #104Bis-e, where the overall feedback was that more input from RAN1 was needed (R4-2217790). The agreement below was included in the WF (R4-2217739)
Agreement:
· No further discussion is needed in RAN4 at this time


Issue 2-2: Scope of RAN4 study
· Proposals
· Option 1: Consider the following
· Proposal 1: RAN4 should study how to minimize impact from phase noise in FR2 in order to reduce phase measurement error and may reuse the phase noise model used for PRS/SRS bandwidth aggregation in FR2. (Nokia, R4-2219915)
· Proposal 2: RAN4 should study different factors influencing phase errors among different TRPs and provide the corresponding feedback to RAN1. (Nokia, R4-2219915)
· Proposal 3: RAN4 to study error source models based on the error sources identified by RAN1 and provide feedback to RAN1 as needed. (Nokia, R4-2219915)
· Proposal 4: RAN4 to investigate if there are any RF impacts for support of NR carrier phase measurements for RRC states RRC_INACTIVE and RRC_IDLE during the feasibility study. (Nokia, R4-2219915)
· Option 2: No discussion is needed in RAN4 at this time
· Recommended WF
· Companies are encouraged to share their views on the scope and whether we need to discuss it at this time
