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1. Introduction
The following agenda is allocated for the discussion of UL-based CSI acquisition. 
	10.5.3.2 Aspects of uplink-based CSI acquisition
Note 1: Including proposals for SRS design, transmission, acquisition for different usages.



The following email thread is assigned for the discussion.
[124-R20-6GR-Aspects of UL based CSI acquisition] Email discussion on Rel-20 6GR-Aspects of UL based CSI acquisition – Qiubin (CATT)
· To be used for sharing updates on online/offline schedule, details on what is to be discussed in online/offline sessions, tdoc number of the moderator summary for online session, etc

In this contribution, we summarize the contributions submitted to agenda item 10.5.3.2 on UL-based CSI acquisition, and discussion during the meeting.

2. Requirements and design aspects for UL-based CSI acquisition study
Based on companies’ input, there is unanimous view that UL-based CSI acquisition includes CSI acquisition for uplink transmission, downlink transmission and beam management.
Several requirements and design aspects for UL-based CSI acquisition are identified. A large number of companies propose to study UL-based CSI acquisition for larger channel bandwidth, capacity enhancements, coverage enhancements, flexible or dynamic SRS transmission, mTRP transmission and interference mitigation. 
The fundamental power limitation at the UE side makes SRS coverage a persistent challenge, especially for cell-edge users. This becomes more severe at higher frequencies (e.g., ~7 GHz) with higher path loss. [Samsung, Huawei, Apple, CATT]. Companies highlight significantly larger pathloss compared to FR1, creating a coverage gap for co-site deployment[Huawei, Apple, Ericsson, Samsung, Tejas]. This leads to low SRS SNR, degrading channel estimation quality for both UL and DL CSI [Huawei]. It is pointed out that in commercial HST networks, SRS suffers from insufficient coverage due to limited UE power and high penetration loss[CMCC ]. This results in outdated channel estimation and poor reliability.
Higher SRS capacity in 6GR is required for several scenarios as pointed out in contributions. Firstly, to support dense network deployments, cell-free, and multi-TRP coordinated systems where a massive number of UEs should be sounded simultaneously to enable efficient multi-user MIMO[NVIDIA and Tejas]; Secondly, for devices with larger number of antenna ports, such as FWA devices supporting more than 8 ports[Nokia, InterDigital, and Panasonic]; Thirdly, to enable sounding over very large channel bandwidths (e.g., up to 400MHz) with low latency to mitigate channel aging[Nokia , ZTE, CATT]; Fourthly, to facilitate high-order MU-MIMO and a potentially higher number of co-scheduled PxSCH transmissions[Nokia and Samsung]; and Finally, to meet the demands of future deployments with significantly increased connection density and uplink traffic[Tejasand Sony].
Several companies  explain that sounding large bandwidths (e.g., 400MHz) for many UEs leads to long latency, causing severe channel aging and stale CSI, which harms precoding accuracy[Nokia and ZTE]. It is proposed to study SRS transmission scheme in larger bandwidth[Lenovo].
Companies highlight the lack of dynamic adaptation and complexity issues. 5G NR SRS configurations are largely semi-static (RRC-based). They cannot adapt quickly to changing interference conditions, traffic bursts, or instantaneous UE needs at slot/symbol granularity[Tejas, Ericsson].  The NR SRS framework has accumulated many options and features, leading to high configuration complexity and intricate collision handling/priority rules that are burdensome to implement. It is proposed to study simplified configuration and arbitration rule[MediaTek, Samsung, Apple].There is also company thinking that 6GR should focus on SRS coverage rather than flexibility[Oppo]. 

The interference management challenges for UL-based CSI acquisition in 6G are identified in contributions. Pilot contamination and insufficient SRS multiplexing capacity are expected as the finite orthogonal resources will be overwhelmed by increased device and antenna port density, leading to performance degradation even with planned orthogonality due to scheduling pressure causing partial resource overlap [Tejas]. This is compounded by the inflexibility of semi-static SRS configurations, which fail to adapt to fast-changing interference conditions, UE density, and bursty traffic at slot or sub-slot timescales [Tejas]. Furthermore, new challenges from multi-TRP and distributed deployments (e.g., extreme/cell-free MIMO) require SRS design to handle cross-TRP interference for coherent uplink reception and precoding across distributed access points [NVIDIA, Huawei]. Finally, a fundamental issue is the discrepancy in observed interference between SRS and data channels, where interference on SRS may not accurately represent the conditions during actual PUSCH transmission, affecting link adaptation [Nokia].

Many companies also mentioned that UL-based CSI acquisition design shall support multi-TRP/Coherent Joint Transmission (CJT) scenarios, including for interference coordination, timing calibration, and resource allocation for joint reception, etc. [Huawei, Samsung, NVIDIA, CMCC, Lenovo]

Importance of early CSI acquisition is highlighted by multiple companies. Companies propose to trigger SRS earlier than 5G-A Rel-20 design(e.g., via Msg2) and expand its purposes beyond antenna switching usages. Early trigger of SRS towards multiple TRPs is also proposed[Qualcomm, NEC, CMCC, Ericsson].
Company views are summarized below. 
Table 2-1: Summary of company views
	#
	Identified requirements
	Companies’ views

	2-1
	Larger channel bandwidth
	Support:
· Samsung, Xiaomi, Lenovo, Goolge, ETRI, Tejas, China Telecom, Nokia, NTT DCM, ZTE, Huawei

	2-2
	Capacity enhancements
	Support:
· ZTE, vivo, Ericsson, Samsung, CATT, CMCC, Fujitsu, Tejas, Apple, ETRI, Nokia, NVIDIA, Lenovo, FUTUREWEI, InterDigital, Panasonic

	2-3
	Coverage enhancements
	Support:
· [bookmark: _Hlk220681815]Ericsson, Samsung, Huawei, vivo, Fujitsu, CMCC, ETRI, Spreadtrum, Lenovo, Apple, AT&T, Tejas, CATT, Sony, ZTE, MediaTek, Google, Nokia, InterDigital

	2-4
	Sparse SRS design
	Study sparse SRS or SRS overhead reduction scheme
· Lenovo, Huawei, Ericsson, CATT, Tejas, Samsung, NVIDIA, Sony

	2-5
	Flexible or dynamic SRS transmission
	Support:
· Huawei, NTT DCM, Ericsson, Qualcomm, Nokia, ZTE, Samsung, FUTUREWEI, Tejas, MediaTek, Apple

	2-6
	Requirements from mTRP transmission
	Support:
· OPPO, Lenovo, CATT, Huawei, FUTUREWEI, Samsung, NVIDIA, Sharp, Rakuten, CMCC, ETRI

	2-7
	Early SRS triggering
	Only DL CSI acquisition is supported in R20 early SRS triggering
· Qualcomm, Ericsson, NEC, CMCC
Only sTRP scenario is considered in R20 early SRS triggering
· CMCC
Trigger SRS even earlier than 5G R20
· Qualcomm

	2-8
	Other requirements
	ISAC design related requirements:
· Tejas, Rakuten, Spreadtrum
Low SNR, channel aging:
· Huawei
Unreliable HST performance:
· CMCC
Complexity and lack of scalability in 5G antenna switching design
· CMCC



2.1 Round 1 discussion

Feature lead proposal 2-1: 
The following requirements/design aspects of SRS shall be addressed in UL-based CSI acquisition study:
· Efficient support of larger channel bandwidth, e.g., up to 400MHz
· Capacity enhancements
· Coverage enhancements
· Dynamic parameters adaptation
· mTRP transmission/reception 
· Interference mitigation
· Overhead minimization
· Early CSI acquisition


Companies are encouraged to show views/comments/suggestions to above proposals in the following tables.
Table 2-2: Company views/comments/suggestions
	Company
	Input

	Mod
	Please share your views.

	OPPO
	Fine with the proposal.

	Spreadtrum
	Support

	Huawei, HiSilicon
	Support.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



3. 6G SRS framework and usages
SRS framework discussion involves SRS configuration, SRS usages, time domain behaviour, etc, and company views are summarized below.
Multiple companies propose adopting the 5G NR SRS framework as the starting point for 6G[Nokia, FUTUREWEI, Spreadtrum, InterDigital, OPPO, ZTE, MediaTek, Samsung, LGE, NTT DCM, Ericsson, etc.)]. This includes fundamental concepts of resources, resource sets, and usages.
Based on submitted contributions, views on SRS configuration for 6G are shared on the need for unification, dynamic adaptability, and resource efficiency. It is proposed is to unify the configuration framework across different trigger types (periodic, semi-persistent, aperiodic) and usages, such as having a single SRS resource set for both UL and DL CSI acquisition to reduce signaling overhead and simplify design [Nokia, OPPO]. There is support on enabling dynamic updates of configuration parameters like bandwidth, number of symbols (including cross-slot schemes), and port number without relying solely on higher-layer signaling [ZTE, Huawei, NTT DCM]. Furthermore, companies propose streamlining and simplifying complex legacy rules, such as arbitration rules for collisions and guard period requirements for antenna switching, to reduce latency and overhead[Ericsson, MediaTek]. 
There is broad consensus to support the established usages with potential modification and consolidation: codebook-based UL CSI, non-codebook-based UL CSI, antenna switching for DL CSI (in TDD), and beam management. Some propose adding usages for PUCCH/PRACH, sensing etc[ZTE, CMCC]. Several companies explicitly call for streamlining the 6G SRS design compared to the accumulated complexity in NR[Nokia, Samsung, ZTE, OPPO, Ericsson]. Proposals include enabling single SRS resources to serve multiple usages. There is also proposal to study restructuring SRS usage based on design capability rather than specific usage[MediaTek].

Regarding non-codebook-based UL transmission, companies have raised questions about the practical utility and deployment challenges of the non-codebook-based usage in NR/6G, suggesting its necessity should be studied or re-evaluated[AT&T], while many companies suggest that both codebook-based and non-codebook-based shall be studied/supported. A potential deprioritization of usages associated non-codebook-based transmission is suggested[Samsung]. Whether/how non-codebook-based UL transmission is supported shall be left to UL transmission scheme discussion.

Table 3-1: Summary of company views 
	#
	Issues
	Companies’ views

	3-1
	NR SRS framework (resources, resource sets, and usages)
	Adopt the 5G NR SRS framework (resources, resource sets, and usages) as the starting point for 6G
· Nokia, FUTUREWEI, Spreadtrum, InterDigital, OPPO, ZTE, MediaTek, Samsung, LGE, NTT DCM, Ericsson, AT&T, Tejas, NEC, Ofinno

	3-2
	SRS usage
	Support usages of codebook, non-codebook, antenna switching, and beam management.
· NTT DCM, ETRI, LGE (at least these usages), OPPO (at least these usages, FFS other usage), InterDigital, TCL (at least these usages, FFS other usage, such as sensing), China Telecom (at least these usages), Xiaomi, Spreadtrum (baseline), CATT

Other usage combinations
· Fujitsu: Support codebook, non-codebook, antenna switching
· AT&T: Study the necessity/scope of Beam management and Non-codebook
· ZTE: At least the following types should be facilitated: 
· Type-1: DL CSI acquisition via SRS Tx switching
· Type-2: UL CSI acquisition for PUSCH transmission scheme and PUCCH transmission scheme
· Type-3: UL BM for PRACH Tx beam indication in addition to that of PUSCH, PUCCH, and SRS
· Note: Whether to explicitly specify the above types of SRS usages in the 6GR is a separate discussion.
· NEC, LGE: Support UL CSI acquisition based on SRS.

	3-3
	Unified and dynamic SRS design
	Unified SRS configuration framework
· Nokia, OPPO, ETRI
Dynamic SRS transmission
· Dynamic adaptation of SRS in frequency domain: 
· Samsung, Ericsson, Huawei, FUTUREWEI, Nokia (bandwidth), NTT DCM, ZTE (bandwidth), Qualcomm (flexible FDRA for aperiodic SRS)
· Dynamic adaptation of SRS in time domain: 
· Samsung, Ericsson, NTT DCM, ZTE, Huawei
· Dynamic adaptation of SRS in antenna port domain: 
· Samsung, Ericsson, NTT DCM, FUTUREWEI
· Dynamically indicate or trigger SRS resources: 
· Nokia, Samsung
· SRS triggering for multiple UEs:
· Samsung

	3-4
	Multi-purpose use of SRS resource 
	Study multi-purpose SRS resource utilization
· NTT DCM: Support SRS resource sharing among different SRS usages, i.e., one SRS resource can be used for multiple usages. 
· ZTE: Strive to enable that one SRS resource or transmission can be applied to multiple usages.
· [bookmark: _Toc220713512][bookmark: _Toc220705841][bookmark: _Toc220707351][bookmark: _Toc220710843][bookmark: _Toc220705245][bookmark: _Toc220705243][bookmark: _Toc220710897][bookmark: _Toc220705840][bookmark: _Toc220705843][bookmark: _Toc220707350][bookmark: _Toc220705242][bookmark: _Toc220710898][bookmark: _Toc220705244][bookmark: _Toc220711083][bookmark: _Toc220711082][bookmark: _Toc220707352][bookmark: _Toc220707349][bookmark: _Toc220711084][bookmark: _Toc220711085][bookmark: _Toc220710899][bookmark: _Toc220710845][bookmark: _Toc220705842][bookmark: _Toc220710844][bookmark: _Toc220710846][bookmark: _Toc220710900]Ericsson: Strive to support simple mechanisms for obtaining CSI for both UL and DL applications using a same SRS transmission. 
· MediaTek: Study restructuring SRS usage, based on design and capability, rather than usage. 

	3-5
	Time domain design
	Time domain behavior
· Support periodic, semi-persistent, and aperiodic SRS for 6GR.
· Huawei (study), Spreadtrum, InterDigital, LGE, ETRI, China Telecom
· Support semi-persistent and aperiodic SRS for 6GR.
· TCL, Nokia
· Support at least aperiodic and periodic SRS for 6GR. 
· Lenovo
· Support at least aperiodic SRS for 6GR
· Fujitsu
· Samsung: Study time domain behavior of SRS for resource efficient sounding

Study cross-slot feature
· Spreadtrum, Nokia (Support), China Telecom (FFS)

Flexible slot offset indication (similar to Rel-17 mechanism)
· Support:
· Lenovo, China Telecom
· Not support:
· Spreadtrum, OPPO

Others
· Lenovo: Support flexible SRS resource in the time domain. 
· LGE: Study on burst SRS transmission for more flexible time-domain resource allocation and data collection for NW-side AI/ML model. 




3.1 Round 1 discussion


Feature lead proposal 3-1: 
For UL-based CSI acquisition, study at least the following SRS usages:
· CSI acquisition for codebook-based UL transmission
· CSI acquisition for non-codebook-based UL transmission
· CSI acquisition for DL transmission
· Beam management
· FFS: additional usages

Feature lead note: Whether/how to support non-codebook-based UL transmission is left to UL transmission scheme discussion.


Feature lead proposal 3-2:
For UL-based CSI acquisition study, the following aspects shall be considered for SRS design:
· Mechanisms to enable dynamic adaptation of SRS parameters
· Unified configuration framework across different time domain behaviors 
· Minimum number of optional SRS schemes

Feature lead proposal 3-3: 
RAN1 study should strive for enabling a single SRS resource/transmission to serve multiple purposes/usages for UL-based CSI acquisition. 

Feature lead proposal 3-4
For 6G SRS design, RAN1 studies whether/how to support different time domain behaviors, e.g., periodic/semi-persistent/aperiodic.

Companies are encouraged to show views/comments/suggestions about above proposals in the following tables.
Table 3-2: Company views/comments/suggestions
	Company
	Input

	Mod
	Please share your views.

	OPPO
	(Proposal 3-1) For CSI acquisition for non-codebook-based UL transmission, it may depend on whether non-codebook based transmission is supported in 10.5.2.3 or not. Suggest to add a note for that. 

(Proposal 3-2) Suggest to use “could be considered” instead of “shall be considered”

(Proposal 3-3) Suggest to use “SRS resource (set)” instead of “SRS resource”

	Nokia
	Proposal 3.1
Generally fine. We suggest replacing the first two bullets with “CSI acquisition for UL transmission” and the note with: “multiple usages can be supported according to the number of modes of UL transmission scheme”

Proposal 3.2
Ok with first 2 bullet points. The third is unclear, it can be discussed separately

Proposal 3.3
NR has no limitation on using a resource for multiple resource sets. But the motivation of this proposal looks fine, keeping this principle for 6GR

Proposal 3.4
Support


	Spreadtrum
	Proposal 3-1: Fine
Proposal 3-2: The descriptions are not clear. Further clarifications are needed.
Proposal 3-3: same view as Nokia
Proposal 3-4: Fine

	Huawei, HiSilicon
	Proposal 3-1: Support.
Proposal 3-2: Fine with OPPO’s suggestion. 
Proposal 3-3: Support.
Proposal 3-4: Support.

	
	

	
	

	
	

	
	

	
	

	
	

	
	




4. SRS coverage, capacity and overhead aspect
As summarized in section 2, almost all companies agree that enhancing SRS coverage (for ~7 GHz and higher) and capacity are primary design targets for 6GR. From input contributions, key technical directions for SRS coverage and capacity enhancement are summarized.

1. Sparse SRS design in frequency domain
Multiple companies propose studying sparse SRS design, including supporting comb values larger than 8 (e.g., Comb-12, Comb-16) and partial frequency sounding, etc, to concentrate transmit power, improve SNR, and increase multiplexing capacity[Huawei, Samsung, ZTE, CATT, LGE, Lenovo, Ericsson, Google, vivo, etc].
1. Larger comb values (>8): High support on studying sparse patterns using combs like 12, 16, etc., to improve SNR and capacity[Huawei, Samsung, CATT, Lenovo]. Both uniform(comb-like structures) and non-uniform (selective subcarrier activation) SRS transmission are mentioned[MediaTek]. It is proposed to send LS to RAN4 to check impact on MPR requirements[Samsung].
1. Partial frequency sounding (PFS) with possible extensions: Considered as a method for coverage/capacity trade-off[Huawei, OPPO, Fujitsu, Apple]. It is pointed out that impact on SRS hopping pattern shall be considered [Samsung]. Smaller partial sounding factor, e.g. 1/8, is also suggested [Lenovo]. 
1. ZP SRS: Consider ZP SRS for PUSCH transmission based on sparse SRS configuration [vivo,Samsung].
1. Others: Sparser SRS design using blind multi-coset sampling [Nvidia]. 
2. Sequence design
Multiple companies agree to continue using/studying Zadoff-Chu sequences for their low PAPR and good correlation properties [Nokia, Spreadtrum, OPPO, ZTE, CATT, Qualcomm etc.]. It is also proposed to study sequences with even lower PAPR or using AI/ML to search for better sequences to support higher power transmission[Huawei, vivo, Qualcomm, Sony, etc.,]. Redesigning sequence grouping and hopping mechanisms to address interference in 6G deployment scenarios is also mentioned[ZTE, Tejas, etc.].
3. Time-domain enhancements
Multiple companies propose enhancing time-domain repetition (including cross-slot bundling, more repetitions, phase continuity) to improve coverage[Nokia, Huawei, China Telecom, Apple, Lenovo, etc.,]. Studying repetition combined with Time-Domain Orthogonal Cover Codes (TD-OCC) to simultaneously improve coverage and capacity is proposed by several companies[vivo, Qualcomm, Sony, etc.].
1. Increased repetition and bundling: Support for more repetitions, cross-slot transmission, and phase-continuous bundling for coverage[Nokia, Apple, China Telecom, Lenovo]. 
1. TD-OCC: Study of TD-OCC (e.g., OCC2, OCC4) over repetitions to increase capacity and coverage[vivo, Qualcomm, Sony]. 
4. Increasing time domain transmission opportunities
It is proposed to consider more flexible multiplexing of SRS and other UL transmissions from NW perspective using FDM, with unified hopping for SRS and other uplink transmission and ZP SRS for PUSCH / PUCCH [Samsung].
5. Precoded/beamformed SRS
Precoded/beamformed SRS is proposed by companies as solution to enhance SRS coverage and capacity.
1. Study the feasibility and potential gain of using beamformed and/or precoded SRS as a means for improving SRS coverage[MediaTek]. 
1. Support to facilitate precoded SRS transmission along with UL Tx coherency in 6GR[ZTE].
1. Study uplink-based CSI acquisition for multi-TRP considering coverage in non-beamformed SRS and overhead in beamformed SRS transmission[Lenovo]. 

Table 4-1: Summary of company views 
	#
	Issues
	Companies’ views

	4-1
	Capacity enhancements
	Study the following technologies to enhance capacity
· TD-OCC: vivo, Qualcomm, Sony, Google
· Partial frequency sounding: Lenovo, CATT, Huawei, OPPO, Fujitsu, Apple, Samsung, Lenovo
· Larger comb values: Huawei, Samsung, CATT, Lenovo
· Extending sequence pool: Tejas (cyclic shift cardinality), vivo
· Sequence and pattern design: Nokia, Spreadtrum, OPPO, ZTE, CATT, vivo, Huawei, Qualcomm, Sony, Tejas
· ZP SRS: vivo, Samsung
· Multiplexing of SRS and other UL transmissions: Samsung

	4-2
	Coverage enhancements
	Study the following technologies to enhance coverage:
· Repetition: Lenovo, Google, Nokia, Apple, CATT, Huawei, vivo, Qualcomm, Sony
· Precoded SRS: ZTE, MediaTek, CATT, Lenovo, Nokia
· Frequency hopping: ZTE, Spreadtrum, CATT
· Sparse SRS design: Lenovo, MediaTek, CATT, Huawei, OPPO, Fujitsu, Apple, Samsung
· Cross-slot transmission: Nokia




4.1 Round 1 discussion

Based on the above summary, the following proposals are given.

Feature lead proposal 4-1: 
For UL-based CSI acquisition, study at least the following schemes to enhance capacity of SRS transmission
· Sparse SRS design in frequency domain
· Sequence design (e.g., extending sequence pool)
· TD-OCC over repeated SRS
· Other schemes are not excluded

Feature lead proposal 4-2: 
For UL-based CSI acquisition, study at least the following schemes to enhance coverage of SRS transmission:
· Increased SRS repetition
· Precoded/beamformed SRS
· Sequence design (e.g., low PAPR sequence)
· Frequency hopping
· Sparse SRS design in frequency domain
· Other schemes are not excluded

Companies are encouraged to show views/comments/suggestions about above proposals in the following tables.
Table 4-2: Company views/comments/suggestions
	Company
	Input

	Mod
	Please share your views.

	OPPO
	It is not needed to mention “Sparse SRS design in frequency domain” twice (can be deleted from proposal 4-2). 

	Nokia
	Proposal 4-1
Ok

Proposal 4-2
Ok

	Spreadtrum
	Fine

	Huawei, HiSilicon
	Proposal 4-1/2: Support.

	
	

	
	

	
	

	
	

	
	

	
	

	
	



5. SRS resource design and port scaling
SRS resource designs include sequence design, mapping to time/frequency/spatial resource, frequency hopping design, time domain design as well as SRS power control, and company views are summarized below. 
Based on company contributions, views on the number of SRS ports for 6G distinctly differentiate between handheld UEs and FWA/CPE devices. For handheld UEs, there is consensus to support configurations up to 4 or 8 ports, reusing the NR baseline[Nokia, InterDigital, OPPO, vivo]. However, it's also noted that 8-port devices have not been widely commercialized [Spreadtrum], and the design should be guided by realistic antenna models for such UEs [Xiaomi Ericsson]. For FWA/CPE devices, there is a demand to study supporting a higher number of ports (>8), such as 16 or more, to accommodate advanced antenna configurations [Nokia, TCL, Lenovo]. Some companies propose studying up to 32 ports for future use cases [Panasonic]. Key discussion points include scaling SRS design for >8 ports [Panasonic, MediaTek]. 

Based on the submitted contributions, there is a good support to adopt Zadoff-Chu (ZC) sequences as the baseline for 6G SRS, as explicitly supported by several companies. [Nokia, Spreadtrum, and OPPO]. However, several companies identify a critical need for enhancements targeting low PAPR and improved cross-correlation properties. There is for proposal for sequence design with lower PAPR and reduced inter-sequence interference[Huawei], while it is specifically highlighted that NR ZC sequences do not guarantee constant amplitude and proposes studying essential changes to ZC sequences for lower-PAPR waveforms to facilitate higher power transmissions[Qualcomm]. It is suggested to study AI/ML-searched low-PAPR sequences and expanding the sequence pool size[vivo]. Company calls for the design of long SRS sequences to accommodate increased bandwidth[CATT].
Based on the submitted contributions, views on SRS frequency hopping for 6G emphasize evolution from the NR baseline to address key limitations. There is support for reusing and enhancing existing NR hopping mechanisms as a starting point, including intra-slot and inter-slot hopping [FUTUREWEI, Spreadtrum]. However, a number of enhancement directions are highlighted. The need for multiple hops across symbols/slots to cover wide bandwidth leads to long latency, causing channel aging and stale CSI estimates, especially for high-mobility users [ZTE, CATT, Nokia]. Companies analyze the issue with legacy nested tree-like pattern which may not maintain phase continuity across non-adjacent sub-bands and can lead to channel aging [ZTE, Samsung]. To overcome this, companies propose new hopping patterns and enhanced flexibility. It is suggested introducing a successive hopping pattern [ZTE], while some propose studying sparse frequency hopping to support larger bandwidths[OPPO and CATT]. There is also a push to simplify and unify various hopping mechanisms (e.g., unifying subband hopping with partial frequency sounding) for a more streamlined design [Ericsson, Qualcomm]. AI/ML-based techniques are proposed to enable efficient sparse hopping and mitigate channel aging effects [CATT].
Based on company inputs, views on SRS power control for 6G focus on enhancing flexibility and addressing specific implementation challenges, building upon the 5G NR framework. The legacy constraint of equal power splitting across SRS ports is challenged, and it is proposed to study to relax power control requirements to enable non-uniform power allocation and ultimately remove this constraint to improve UL CSI acquisition[Nokia and Qualcomm]. Enhancements to the existing NR framework are also proposed: two separate closed-loop power control adjustment states for SRS in addition to those for PUSCH[OPPO], it is also suggested to study an increased number of closed-loop parameter sets and more effective TPC command signaling[Lenovo]. 
Table 5-1: Summary of company views 
	#
	Issues
	Companies’ views

	5-1
	Number of SRS antenna ports
	Up to 4 ports:
· Spreadtrum: {1,2,3,4} antenna-port SRS can be studied in 6GR day1.
Up to 8 ports:
· Qualcomm, ETRI (16 Rx)
· Xiaomi: up to 4Tx antenna ports for hand-held UE; up to 8Tx antenna ports for advanced UE (e.g., CPE, FWA)
· 1, 2, 4, and 8 ports: TCL, FUTUREWEI, vivo
· 1, 2, 3, 4, 8 ports: NEC, LGE (unified design)
Up to 8 as the baseline, FFS larger than 8
· InterDigital, China Telecom, TCL, Nokia
Study up to 16:
· Lenovo
Study the uses case and the feasibility of 16 and 32 ports. 
· Panasonic 

	5-2
	How to support multi-port SRS

	· Reuse 5G SRS design
· Nokia (reuse 5G design up to 8 APs)
· Study how to support higher number of SRS APs >8
· Nokia, China Telecom, TCL, Panasonic

Design aspects
· Panasonic: Study how to scale SRS signals when the number of ports is increased to 16 and 32 ports, in particular to combat increased overhead (example using AI sparse sounding techniques). 
· Lenovo: Study different methods for generation of a multi-port SRS for different scenarios and different UE device in 6GR.
· LGE: Strive for unified design for 1-, 2-, 3-, 4- and 8-port SRS resource.
· Fujitsu: Leverage the existing SRS design, including CDM (sequence multiplexing), TDM (symbol multiplexing) and FDM (comb multiplexing). 
· If the number of SRS ports can be larger than 8, it can be considered to enhance the SRS multiplexing pattern. 

	5-3
	Sequence design
	Sequence design principles:
· Low PAPR: Qualcomm, vivo, CATT, Huawei
· Good cross-correlation property: CATT, Huawei
· Good auto-correlation property: CATT

Use ZC sequence as a start point for SRS in 6GR. 
· Spreadtrum, OPPO (Rel-15, VCID can be considered in 6G day 1), Nokia, Ericsson, Lenovo (for length 36 or larger)

Low-PAPR sequence design
· Qualcomm: Study low-PAPR SRS sequence design for 6G using 5G NR SRS sequences as the starting point with essential changes to the ZC sequences to facilitate higher power transmissions for improved UL CSI acquisition. 
· Vivo: Study AI/ML searched low-PAPR sequences.

Interference randomization related design
· China Telecom: Support groupOrSequenceHopping as the baseline. Evaluate the necessity of complex legacy hopping mechanisms (e.g., cyclicShiftHopping, hoppingFinerGranularity, hoppingSubset).
· ZTE: Support adaptive combination of comb offset and cyclic shift to each SRS port in 6GR.

Other design aspects
· Extending sequence pool: Tejas (cyclic shift cardinality), vivo
· Longer sequences design for larger bandwidth: CATT
· Study sequences with small length for SRS with large comb value: Lenovo
· Sequence allocation: Rakuten, ZTE

	5-4
	Frequency Hopping
	Study frequency hopping
· Qualcomm, Huawei, ZTE, ETRI, CATT, Samsung, Fujitsu, China Telecom, ETRI (Rel-15 as baseline)

Study partial frequency sounding
· Fujitsu (RB-level), CATT (RB-level), ETRI, Huawei, OPPO, Apple, Samsung, Lenovo

Study inter-slot/intra-slot hopping
· China Telecom 
· ETRI (intra-repetition hopping)

Other design aspects
· Qualcomm: Study how to simplify and unify SRS frequency hopping to accommodate different hopping mechanisms.
· ZTE: Introduce successive SRS frequency hopping pattern as one supplement scheme in 6GR.
· ZTE: Strive for interference randomization of SRS hopping across different periods by NW-controlled pseudo-random manner in 6GR. 
· ZTE: Sub-band frequency hopping to probe full-band for DL CSI acquisition with large bandwidth. 
· Samsung: Unified hopping for SRS and other uplink transmission

	5-5
	Sparse SRS design
	Study the following sparse SRS designs:
· Comb-based sparse SRS pattern: 
· Huawei, CATT, Ericsson, Samsung, vivo
· Partial-frequency-based sparse SRS pattern: 
· Huawei, CATT, Samsung
· Sparser SRS design using blind multi-coset sampling: NVIDIA
· Leveraging long-term channel information: Huawei

	5-6
	SRS power control
	The SRS power control procedure in Rel-15 can be as the starting point
· Lenovo, OPPO (Support PHR report based on reference SRS transmission and actual SRS transmission as in NR),

Study unequal power splitting across SRS ports 
· Qualcomm, Nokia, Google



5.1 Round 1 discussion

Feature lead proposal 5-1: 
For UL-based CSI acquisition, SRS antenna port number 1, 2, 3, 4, 8 is considered as basis for further study.
· FFS: 16, 32 ports
· Further study how to support multiple ports 

Feature lead proposal 5-2: 
For 6G SRS sequence design, the following aspects shall be considered:
· Low PAPR for enhanced coverage
· Low cross-correlation for reducing inter-sequence interference

Feature lead proposal 5-3: 
For 6G SRS design, study SRS frequency hopping considering the following aspects:
· Hopping pattern design 
· Partial frequency sounding
· Phase discontinuities


Companies are encouraged to show views/comments/suggestions about above proposals in the following tables.
Table 5-2: Company views/comments/suggestions
	Company
	Input

	Mod
	Please share your views.

	OPPO
	Support.

	Nokia
	Proposal 5-3
We don’t support phase discontinuity. Depend on NR Rel-20 outcome.

	Spreadtrum
	proposal 5-1: as a feasible assumption, 4 ports for max. port number is preferred.
proposal 5-2: support
proposal 5-3: support

	Huawei, HiSilicon
	Proposal 5-1/2/3: Support.

	
	

	
	

	
	

	
	

	
	

	
	

	
	




6. SRS interference aspects
Interference is identified as a critical challenge by multiple companies, and various enhancements are proposed. Mechanisms to enhance UL SRS multiplexing capacity and SRS interference randomization in 6GR are proposed to be studied [Nokia]. It is observed that performance is severely degraded by SRS interference for both S-TRP and M-TRP transmission [Huawei]. Consequently, it is stated that SRS interference mitigation should be considered for both single-TRP and multi-TRP in 6GR, and the study of SRS interference randomization is also proposed [Huawei]. Interference randomization of SRS hopping across different periods is proposed to be strived for by a NW-controlled pseudo-random manner [ZTE].

Furthermore, it is pointed out that even with planned orthogonality, pilot contamination-like effects in UL channel estimation are caused by partial overlap or reuse due to scheduling pressure in real networks, and SRS-based performance is noted to be sensitive to such overlaps [Tejas]. SRS enhancements targeting interference estimation and mitigation are explicitly proposed to be studied [Ericsson]. The reduction of SRS transmissions and overhead by leveraging UL DMRS for CSI, which could potentially alleviate interference-related resource constraints, is also noted [Ericsson].

Table 6-1: Summary of company views
	#
	Issues
	Companies’ views

	6-1
	SRS interference mitigation
	Study interference randomization to mitigate intra-/inter-TRP cross-SRS interference: 
· Huawei, Lenovo, ZTE, Spreadtrum, China Telecom, Nokia, Tejas, Sharp

	6-2
	CLI mitigation
	Study SRS design to mitigate CLI
· Interdigital, Sharp

	6-3
	Interference estimation
	Study SRS enhancements targeting interference estimation
· Ericsson



6.1 Round 1 discussion

Feature lead proposal 6-1: 
For 6G SRS, study interference mitigation considering following aspects:
· SRS interference randomization, including within and across periods
· Both sTRP and mTRP operation
[bookmark: _Ref220687599]
Companies are encouraged to show views/comments/suggestions about above proposals in the following tables.
Table 6-2: Company views/comments/suggestions
	Company
	Input

	Mod
	Please share your views.

	Nokia
	Ok

	Spreadtrum
	Fine

	Huawei, HiSilicon
	Support.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	





7. CSI acquisition for UL transmission
Several aspects are discussed in contributions on CSI acquisition for UL transmission.
1. Impact of new UE antenna model
The new directional antenna model (Rel-19, TR 38.901) for handheld devices makes legacy 5G codebooks suboptimal, showing little gain for coherent transmission [Nokia]. Study needed for new codebooks tailored to the new antenna model, including blockage effects [Nokia, Lenovo]. Separate codebook studies for handhelds (new directional model) and FWA/CPE (ULA-like model) may be also needed[Nokia, Apple]. Company gives detailed suggestion on UE antenna model Alt.2 to use[Apple].
2. Codebook design enhancements
1. Support for 3Tx coherency: There are proposals to support full/partial coherent codebooks for 3Tx transmission[Xiaomi, NEC, OPPO]. 
1. Unified/adaptable codebook: There is desire for a low-overhead, adaptable codebook structure suitable for diverse UE forms and environments[InterDigital, Apple, TCL]. 
1. Downloadable codebook: There is suggestion to study downloadable UL codebook or mixed codebook, considering different antenna spacing and antenna position[OPPO].
1. Prioritize non-/partial-coherent: There is suggestion that codebook design should prioritize non-coherent and partial-coherent transmission modes[CMCC]. 
3. Frequency selective precoding & overhead
There is suggestion to study frequency selective precoding, but TPMI indication overhead is a concern [OPPO, TCL, NEC]. It is also proposed to study only for larger than 4 ports and CP-OFDM[OPPO].It is pointed out that discussion is needed to identify the feasibility of SB-based UL precoding for 6GR devices[AT&T].
4. Open-loop & other schemes
There is suggestion to study solutions for UL open-loop precoding, targeting scenarios with moderate/ high UE speed. [AT&T], while there is also view that open-loop schemes should be considered "specification transparent" [Nokia]. There is proposal to study enhancement for SRS configuration for NW assisted UE antenna port selection[NTT DCM].
Table 7-1: Summary of company views
	#
	Issues
	Companies’ views

	7-1
	UE antenna model and layout
	Consider the following antenna layouts or modeling methods in 6GR SRS design:
· Antenna layouts considered in 5G NR (e.g., ULA-like): Xiaomi, Nokia
· Rel-19 UE antenna model (e.g., directional antenna model, blockage, cross-polarization, etc.): Nokia, Lenovo, Apple
Asymmetric UE antenna layouts: Xiaomi, Lenovo

	7-2
	UL CSI acquisition
	Consider mTRP scenario
· CATT: For SRS-based uplink CSI acquisition, different deployment scenarios (e.g., sTRP, mTRP, single-panel, multi-panel, etc.) shall be considered in 6GR.
· Lenovo: RAN1 to study uplink-based CSI acquisition for multi-TRP considering coverage in non-beamformed SRS and overhead in beamformed SRS transmission.

ZTE: Support to facilitate the explicit mapping of antenna ports between
· SRS port and PUSCH port for UL Tx coherency;
· SRS port and PUCCH port for port-selection;
· SRS port and DL Rx ports for antenna switching/DL CSI acquisition.

CB and NCB related issues
· Support both CB and NCB based PUSCH
· NTT DCM
· Prioritize CB or CB as the baseline
· CMCC, Xiaomi
· OPPO: Consider unified SRS configuration for CB and NCB based transmission if both are supported for 6G
· OPPO: For non-codebook-based transmission, if supported in 6G, all the SRS ports could be transmitted simultaneously and no UE capability is needed for this. 

	7-3
	Codebook design
	· CMCC: The coherence design principles for the uplink codebook should be guided by the final conclusions of 6G UE antenna modeling, including antenna count and configuration, with non-coherent and partial-coherent transmission being prioritized. 
· Xiaomi: In 6GR uplink transmission, consider the 5G NR uplink codebook as the starting point, and enhancements on 5G NR uplink codebook can be further studied.
· Xiaomi: In 6GR uplink transmission, consider to study the high spatial resolution uplink codebook for 8Tx transmission.
· Xiaomi: In 6GR uplink transmission, consider to study the fully/partially-coherent uplink codebook for 3Tx transmission.
· Xiaomi: In 6GR, consider the 5G NR UE coherent capabilities as the baseline. Further consider to support fully-coherent and partially-coherent of 3Tx uplink transmission for a unified coherent capability for different number of Tx antenna ports.
· Xiaomi: In 6GR uplink transmission, consider to introduce more fully-coherent precoders for partially-coherent capability in full power mode 1 to improve the uplink performance.
· Interdigital: Support a low overhead adaptable codebook design that can be adapted to
· UE deployment and transmission environment,
· A diverse set of UE form factors,
· Potential port obstruction resulted from user handling. 
· OPPO: Support unified/fixed uplink codebook for 1,2,3,4,[8] ports in 6G day 1
· NR CB can be used as design and evaluation baseline
· At least fully-coherent and non-coherent CB should be supported for each port number
· Codebook design considers practical UE antenna modeling
· OPPO: Further study downloadable UL codebook or mixed codebook in 6G.
· TCL: For uplink CSI acquisition, the precoding design should be suitable for diverse terminals, and a unified precoding structure should be applied across different terminal types.
· Fujitsu: For the UL codebook, it can basically leverage the existing UL codebook design. The UL codebook can be further enhanced if the following conditions are satisfied. 
· A larger number of UL antenna ports is supported, or 
· The UE antenna model has a relatively big change compared with the existing model.
· Apple: NR UL-based CSI acquisition schemes as a starting point. Study enhancement of coherent codebook-based CSI acquisition schemes considering 3.5/7GHz co-site deployment and more feasible UE implementation.
· NEC: 
· Support UL codebooks for 1, 2, 3, 4, 8 ports from NR as starting point, and study to support full-coherent/partial-coherent codebook for 3Tx uplink transmission. 
· Study uplink frequency selective codebook in 6G Day1, and also study enhanced uplink frequency selective codebook with downlink eTypeII (with frequency compression) as starting point. 
· Apple: Study methods to enhance the NR UL codebook to better match UE side channel statistics, especially based on UE antenna model Alt. 2, e.g.,
· An adaptive codebook based on a static codebook (e.g., ); and
· The adaptation matrix  is downloaded to and/or uploaded from the UE.
· Panasonic: Study how to limit the size of coherent transmission codebooks as the number of TX beams increases.
· AT&T
· For 6GR design, consider UL precoding categorization to closed-loop precoding and open-loop precoding, corresponding to two approaches that fit different channel conditions based on channel coherence, feedback availability and latency.
· For 6GR design, discussion is needed to identify feasible UL precoding schemes with respect to UE Tx antenna coherence assumptions.
· For 6GR design, if fully-coherent and/or partially-coherent UL Tx UE implementation is feasible, verify whether UL precoding coefficients drawn from constellation points of higher order than QPSK are also feasible, as well as evaluate the expected performance gains, if any.
· AT&T: Evaluate whether non-codebook based UL precoding has utility/deployment plans in 6GR in light of NR challenges with respect to feature implementation.
· AT&T: Study solutions for UL open-loop precoding, targeting scenarios with moderate/ high UE speed.
· Nokia: Study the impact of channel aging on the codebook-based UL MIMO performance for different UE speed.

	7-4
	Frequency selective precoding
	· TCL: For uplink CSI acquisition, frequency‑selective precoding should be considered for 6GR, and the precoding design should aim to balance overhead, complexity and performance. 
· OPPO:
· Consider frequency selective precoding only for larger than 4 ports and CP-OFDM, taking TPMI overhead, channel estimation performance and PAPR into count.
· Consider TPMI overhead reduction for uplink especially for large number of antenna ports or frequency selective precoding.
· Panasonic
· Study the usage of subband precoding when the number of ports is increased to 16 and 32 ports, in particular to combat prohibitive DCI payload overhead. 
· Study to enhance noncodebook based precoding to take into account the frequency selective nature of the wide band used for 6G transmission scenarios. 
· AT&T: Discussion is needed to identify the feasibility of SB-based UL precoding for 6GR devices.
· AT&T: TPMI overhead is considered with respect to PDCCH design outline.

	7-5
	Open-loop & other schemes
	UL open-loop precoding 
· AT&T (moderate/ high UE speed)
· Nokia (specification transparent)
· NTT DCM (SRS configuration for NW assisted UE antenna port selection)
Full power transmission
· Xiaomi: Consider 5G NR full power mode 1 as the starting point to enable full power transmission. Enhancement on full power mode 1 can be further studied.
· Xiaomi: Consider to support full power mode 1 for 3Tx.



7.1 Round 1 discussion


Feature lead note: UL codebook design, frequency selective precoding, and open-loop transmission scheme are to be handled under agenda item 10.5.2.3.


Feature lead proposal 7-1: 
1. For UL-based CSI acquisition study for codebook-based UL transmission, new directional antenna model defined in TR 38.901 shall be considered for handheld UEs.
Companies are encouraged to show views/comments/suggestions about above proposals in the following tables. 
Table 7-2: Company views/comments/suggestions
	Company
	Input

	Mod
	Please share your views.

	OPPO
	We think the new antenna model defined in TR 38.901 is more related to codebook design and uplink transmission scheme. For SRS transmission, maybe we don’t need this proposal. 

	Huawei, HiSilicon
	Open to discuss.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



8. DL CSI acquisition
There is general consensus to support SRS antenna switching for downlink CSI acquisition. Key challenges identified in contributions include antenna port power imbalance, latency/overhead from guard periods and sequential switching, limited configurations for new device types (e.g., FWA), and coverage limitations.
1. Switching latency and guard periods
Companies point out that guard periods between antenna switching resources introduce latency and scheduling restrictions[Nokia, InterDigital, etc.]. The focus is on re-examining or eliminating guard periods between resources, studying the possibility of using transient transition periods instead, and optimizing related scheduling restrictions [Nokia, Ericsson, Qualcomm]. There are also views that guard periods between SRS and PUSCH/PUCCH shall be considered [OPPO, Qualcomm]. 
2. Support for antenna configurations
Multiple companies explicitly propose studying support for configurations with more than 8 ports, especially for high-end UEs like FWA. Study directions include defining new "xTyR" combinations, prioritizing support for integer switching ratios, and studying corresponding resource patterns and signaling. There is also proposal to limit the antenna switching combination to at most 6Rx. It is also pointed out that 5G NR design for SRS antenna switching suffers from complexity and lack of scalability due to the exhaustive enumeration of supported configurations. It is suggested to study a unified SRS design with a more future proof framework to support arbitrary antenna switching configuration[CMCC].
3. Antenna port power imbalance
Several companies identify this as a key issue[Nokia, Ericsson, etc], stating that non-reciprocal insertion loss at the UE side leads to inaccurate CSI at the gNB, severely impacting downlink reciprocity-based performance. Possible solutions include study UE reporting of power imbalance information[Ericsson], network-side compensation mechanisms, and more accurate modeling requirements for RAN4. On the other side, there are also views that SRS insertion loss would not lead to significant performance loss for DL reciprocity based transmission via antenna switching [OPPO]. Company also provides aspects to consider in the study of antenna port power imbalance which can be used as starting point for the study[OPPO]:
· Performance impact of SRS IL imbalance on reciprocity based transmission.
· The impact of Rx imbalance among different Rx antennas.
· The mapping between physical Tx and antenna port can be autonomously changed by UE.
· The IL can vary along with the environment (e.g. temperature).
· UE complexity and power consumption for frequent IL measurement.
· The UL signaling for IL report especially for dynamic reporting.

4. SRS carrier switching
Based on the contributions, views on SRS carrier switching are divergent, primarily between advocating for its evolution and questioning its fundamental necessity. Proponents argue for using the 5G NR design as a starting point but integrating it into a more general and efficient carrier switching framework to reduce switching-back requirements and potentially combine it with DL carrier switching [FUTUREWEI]. This view is supported by NEC, which explicitly supports reusing SRS carrier switching. Conversely, other companies consider a reevaluation. OPPO recommends that if supported, the feature should be redesigned in 6G to avoid issues experienced in NR, while ZTE mentions the necessity of SRS carrier switching itself should be discussed first in 6G Phase 1 to avoid redundant specification of multiple options for the same functionality. Basically, 5G SRS carrier-based switching design can be considered as a starting point for 6G SRS carrier-based switching design. Some directions of further work are pointed, e.g., [FUTUREWEI]:
· Reduce / eliminate required switching-back
· To maintain transmission continuity, move all transmissions to the switching-to carrier
· Maintain one set (or m sets, where m << n) of signals / channels over n carriers
· May be additionally combined with DL carrier switching.
Table 8-1: Summary of company views
	#
	Issues
	Companies’ views

	7-1
	Latency and guard periods
	Consider gap between SRS and PUCCH/PUSCH
· Qualcomm: Study guard period requirements between back-to-back SRS antenna switching and PUCCH or PUSCH transmission. 
· OPPO: Consider the guard period between SRS resources/resource sets and between SRS and PUSCH in 6G.
Study how to reduce latency or gap
· Nokia: Study how to reduce latencies and scheduling restrictions associated with UL SRS antenna-switching in 6GR. 
· Ericsson: At least for smaller subcarrier spacings, allow for guard-less SRS antenna switching in studies of 6GR in RAN1, while RAN4 determines its feasibility. 

	7-2
	Antenna configurations
	Study antenna configurations in 6GR (including a need for FWA devices)
· Nokia, Lenovo, Qualcomm, ETRI, OPPO (at most 6Rx, FFS 8Rx)
Consider larger antenna configurations:
· Qualcomm (prioritize cases where y/x = integer, where x ≤ 8 and y ≤ 16)
· ETRI (8T1R)
· China Telecom (if UE capability exceeds 8T8R)

	7-3
	Non-ideal factors or modeling
	Study power imbalance modeling
· Ericsson (ask RAN4), AT&T (coordinate with RAN4), ETRI
· Ericsson: Support mechanisms for UE reporting information related to non-reciprocal SRS port power imbalances.
Interdigital: Study SRS-based DL CSI acquisition considering UE antenna coherency

	7-4
	SRS carrier switching

	Study SRS carrire switching in 6GR day 1
· ZTE (study the necessity, avoid redundantly specifying multiple options for the same functionality)
· OPPO (if supported, redesign this feature to avoid the issues raised in different releases of NR)
5G SRS carrier-based switching design as a starting point
· FUTUREWEI, NEC
FUTUREWEI: A general carrier switching framework to reduce required switching-back.



8.1 Round 1 discussion


Feature lead proposal 8-1:
For the study of SRS for DL CSI acquisition, the following aspects shall be considered:
· Antenna port power imbalance
· Overhead and switching latency
· Supported combinations with up to 16 Rx antennas
· SRS carrier switching

Companies are encouraged to show views/comments/suggestions about above proposals in the following tables.
Table 8-2: Company views/comments/suggestions
	Company
	Input

	Mod
	Please share your views.

	OPPO
	Generally fine. Some suggestion on the wording: (considering the necessity needs further study)

For the study of SRS for DL CSI acquisition, the following aspects shall be considered:
· Whether/how to model antenna port power imbalance
· Overhead and switching latency
· Supported combinations with up to 8 or 16 Rx antennas
· SRS carrier switching


	Spreadtrum
	It’s too early to introduce 16 Rx antennas. As a start point, Rel-15 assumption on SRS antenna ports can be considered as a baseline.

	Huawei, HiSilicon
	Open to discuss.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	




9. Beam management
Based on companies input, the views and proposals regarding beam management in the context of 6G SRS design are summarized as follows.
SRS is widely regarded as essential for uplink beam management procedures. It is proposed that SRS should be studied as a potential QCL source reference for 6G UL beam management [Nokia]. Support for the 'beamManagement' usage of SRS is explicitly stated as part of the baseline for 6GR study by multiple companies [Spreadtrum; InterDigital; ZTE; OPPO; China Telecom; NTT DCM; LGE;ETRI].
The importance of beam management is also highlighted for frequency bands where it is noted that fast beam acquisition will be critical [FUTUREWEI]. Whether beam management support/modifications are needed for around 7 GHz carrier frequency range is discussed[AT&T]. Enhancements are proposed to support beam management for both single and multi-panel UEs in single or multi-TRP scenarios [CATT]. Specifically, studies on uplink-based beam management procedures for asymmetric UL multi-TRP and DL single-TRP deployments are proposed [ETRI]. Furthermore, company propose that SRS design for beam management should be studied, including scenarios with a network-side low-resolution fully digital receiver and scenarios where the UE sweeps over multiple candidate beams [Ericsson].
The framework is suggested to be evolved to natively support multi-beam uplink transmission from capable devices [MediaTek]. Additionally, the usage of SRS for beam management is proposed to be extended beyond PUSCH/PUCCH/SRS to also include PRACH Tx beam indication [ZTE].

Table 9-1: Summary of company views
	#
	Issues
	Companies’ views

	9-1
	SRS for beam management
	Study SRS for beam management 
· CATT, Ericsson, MediaTek, FUTUREWEI, ETRI
Study SRS for the following scenarios:
· mTRP: CATT, ETRI
· The NW is equipped with a low-resolution fully digital receiver: Ericsson
· The UE sweeps over multiple candidate UE beams: Ericsson

	9-2
	SRS as QCL source
	Study SRS as QCL source
· Nokia: Study SRS as a potential QCL source reference for 6G UL beam management.
· FUTUREWEI: In 6GR, support QCL/TCI enhancements to enable the use of UL signal (e.g., SRS) as QCL source RS of DL TCI states.

	9-3
	Other designs
	MediaTek: Study SRS enhancements to natively support multi-beam uplink transmission. 
FUTUREWEI: Study enhanced SRS transmission (e.g., repetition schemes).
ZTE: Study UL BM for PRACH Tx beam indication.
FUTUREWEI: In 6GR, consider the unified TCI framework developed in 5G NR as a starting point for 6GR QCL/TCI framework.



9.1 Round 1 discussion

Feature lead proposal 9-1:
For UL-based CSI acquisition, study and identify requirements on SRS for beam management usages, at least considering the follow aspects: 
· Single/multi-panel and single/multi-TRP
· [bookmark: OLE_LINK42][bookmark: OLE_LINK41]Symmetric/asymmetric UL mTRP/DL sTRP
· Whether support/modifications are needed for around 7 GHz carrier frequency range
Feature lead note: the above proposal may depend on outcome of study under agenda item 10.5.2.4.

Companies are encouraged to show views/comments/suggestions about above proposals in the following tables.
Table 9-2: Company views/comments/suggestions
	Company
	Input

	Mod
	Please share your views.

	Spreadtrum
	Fine

	Huawei, HiSilicon
	Prefer to postpone until clear requirements have been identified under AI 10.5.2.4.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	




10. AI based UL-based CSI acquisition
AI/ML for low-overhead SRS (Sub-Case A) is seen as high priority use case by multiple companies. It involves using AI/ML at the network side to reconstruct full-band or full-port CSI from sparse SRS transmissions in the frequency, time, or spatial/port domain, thereby reducing SRS overhead and mitigating channel aging issue. [Huawei, LG, Ofinno, CATT, Spreadtrum, ZTE, TCL, Nokia, vivo, Lenovo, Tejas]

Other identified AI/ML use cases:
1. AI/ML for low PAPR SRS sequence design(Sub-Case B)
0. Studying AI/ML searched low-PAPR sequences [vivo]
This use case can be implemented without model for inference.
2. AI/ML-based channel estimation enhancement and reconstruction via joint DL and UL
0. A collaborative approach where both UE and network use AI/ML models to assist in acquiring high-dimensional CSI from sub-sampled measurements (e.g., combining sparse CSI-RS and SRS)[Samsung]. 
0. Reduce CSI-RS overhead and enhance CSI feedback accuracy in TDD via SRS and compensated through AI-based inference for uplink-downlink fusion[TCL].
This use case shall be discussed under agenda item 10.5.3.3.
3. Interference suppression and pilot contamination mitigation
0. Using AI/ML techniques for learned interference suppression in scenarios with pilot reuse or non-orthogonal SRS allocations[NEC, Rakuten]. 
4. AI/ML for SRS resource and configuration optimization
0. AI/ML-assisted techniques for dynamic SRS resource optimization, including non-uniform pilot allocation and adaptive configuration based on network conditions[NEC, Rakuten)]. 
5. Joint CSI prediction and compression
0. Studying joint AI/ML techniques for channel prediction and compression to improve CSI accuracy and reduce overall reference signal or feedback overhead[TCL]. 
This use case shall be discussed under agenda item 10.5.3.1.
6. Sparse DMRS with AI-based reconstruction
0. Study more flexible DMRS configurations to reduce the overhead[TCL].
This use case shall be discussed under agenda item 10.5.2.3.
7. AI/ML for power imbalance compensation
0. Defer the discussion until a non-AI benchmark is derived[AT&T]. 
According to the agreement in RAN1#123, this use case shall be discussed by RAN4.


Key requirements and discussion points for AI/ML integration:
· Coexistence and fallback: Need for unified SRS patterns/designs/framework that work for both AI/ML and non-AI/ML schemes[Huawei, Ofinno,Rakuten]. 
· Lifecycle management (LCM) framework: Need for a framework covering model training data acquisition (e.g., via dense SRS patterns), model updates, deployment, and associated signaling[Huawei), Ofinno].  LCM discussion is led by RAN2, and RAN1 study can be triggered by other working groups.
· Evaluation:  KPIs for performance, complexity, and imperfect/non-ideal factors at least including noising and channel estimation error for model input and label [Huawei]. Performance must be evaluated on end-to-end system-level metrics (throughput, coverage) rather than just intermediate KPIs (e.g., NMSE). The impact of AI/ML schemes on SRS coverage must be ensured[AT&T]. 
· Generalization and scalability: AI/ML models should be evaluated for generalization across different deployment scenarios, antenna configurations, and time/frequency domain factors[Huawei]. 

Table 10-1: Summary of company views 
	#
	Identified use cases/discussion points
	Companies’ views

	10-1
	AI/ML for low-overhead SRS (Sub-Case A)
	Study /Consider low-overhead SRS with AI/ML at the network side for CSI reconstruction
· Huawei, Nokia, LGE, CATT, ZTE, Spreadtrum, TCL, Ofinno

	10-2
	AI/ML for low PAPR SRS sequence design(Sub-Case B)
	Studying AI/ML searched low-PAPR sequences
· vivo

	10-3
	AI/ML-based channel estimation enhancement and reconstruction via joint DL and UL
	After sufficient progress in the study for DL/UL CSI acquisition, further study AI-based CSI acquisition and report considering both downlink, e.g., CSI-RS, and SRS 
· Samsung
Study joint DL and UL fusion to improve CSI accuracy and reduce RS overhead
· TCL
[FL note]: This use case shall be discussed under agenda item 10.5.3.3

	10-4
	Interference suppression and pilot contamination mitigation
	Study AI/ML-assisted techniques for interference suppression/pilot contamination mitigation
· NEC, Rakuten

	10-5
	AI/ML for SRS resource and configuration optimization
	Study AI/ML-assisted techniques for SRS resource optimization/allocation 
· NEC, Rakuten

	10-6
	Joint CSI prediction and compression
	Studying joint AI/ML techniques for channel prediction and compression to improve CSI accuracy and reduce overall reference signal or feedback overhead
· TCL
[FL note]: This use case shall be discussed under agenda item 10.5.3.1

	10-7
	Sparse DMRS with AI-based reconstruction
	Study more flexible DMRS configurations to reduce the overhead
· TCL
[FL note]: This use case shall be discussed under agenda item 10.5.2.3

	10-8
	AI/ML for power imbalance compensation
	Studying AI/ML-based methods to compensate for SRS port power imbalance, although discussion on this may follow establishment of non-AI benchmarks
· AT&T
[FL note]: This use case shall be discussed by RAN4

	10-9
	Coexistence and fallback
	Need for unified SRS patterns/designs/framework that work for both AI/ML and non-AI/ML schemes
· Huawei, Ofinno, Rakuten

	10-10
	Lifecycle management (LCM) framework
	Need for a framework covering model training data acquisition (e.g., via dense SRS patterns), model updates, deployment, and associated signaling
· Huawei, Ofinno

	10-11
	Evaluation
	Performance KPI：
· Huawei: SGCS, NMSE, BLER, spectral efficiency, or throughput
· AT&T: Using end-to-end system-level metrics (throughput, coverage)
Complexity KPI：
· Huawei: FLOPs/MACs , number of parameters
Others：
· Huawei: Consider imperfect/non-ideal factors at least including noising and channel estimation error for model input and label
· AT&T：The impact of AI/ML schemes on SRS coverage must be ensured

	10-12
	Generalization and scalability
	Consider generalization and scalability performance, including the aspects of deployment scenarios, antenna configurations, frequency domain factors, time domain factors, etc.
· Huawei




10.1 Round 1 discussion

Feature lead proposal 10-1:
For AI/ML-based UL-based CSI acquisition, at least the same KPI as non-AI-based UL-based CSI acquisition is used. Other AI/ML-specific KPIs (e.g., number of parameters/model size and FLOPS) are up to company report.

Feature lead proposal 10-2:
For AI/ML-based UL-based CSI acquisition, evaluation shall be made for generalization across different deployment scenarios, antenna configurations, and time/frequency domain factors.

Companies are encouraged to show views/comments/suggestions about above proposals/questions in the following tables.
Table 10-2: Company views/comments/suggestions
	Company
	Input

	Mod
	Please share your views.

	OPPO
	Fine

	Spreadtrum
	Fine

	Huawei, HiSilicon
	OK in general for the two proposals. One comment for proposal 10-2: better to point out specific aspects to be more informative:

evaluation shall be made for generalization across different deployment scenarios (e.g., UMa, UMi, CDL, etc.), antenna configurations (e.g., Tx port number, Tx port layout, etc.), and time/frequency domain factors (e.g., various Comb/PF/hopping patterns, time domain periodicities, UE speeds, etc.)

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	




11. Other designs
Other UL-based CSI acquisition designs and company views are summarized below.
· There is interest in studying the use of PUSCH DMRS (and potentially other UL RS) for UL CSI acquisition (rank/TPMI update) to complement SRS, especially when UEs transmit frequently[Huawei, Ericsson, Google , Sony].  
· There is proposal to study UE-assisted SRS sounding using downlink RS measurements, allows the UE to provide more accurate uplink configuration feedback, enabling the gNB to optimize SRS parameters for improved uplink coverage[MediaTek, Interdigital, CMCC]. It is also proposed to study more UE initiated methods in UL based CSI acquisition, e.g.,UE initiated Rx covariance matrix reporting[Apple]. FL note: These proposals shall be discussed under agenda item 10.5.3.3.
· Several companies propose studying hybrid (bi-directional) CSI acquisition, combining downlink CSI-RS measurements (UE side) and uplink SRS/DMRS measurements (network side)[Sony, AT&T, Samsung, etc.], potentially exchanging long-term statistical information (e.g., covariance matrix) to improve accuracy and robustness[Huawei, Lenovo]. FL note: These proposals shall be discussed under agenda item 10.5.3.3.
· There is consideration for unified RS design for communication and sensing, and SRS for cross-link interference (CLI) estimation[Spreadtrum, InterDigital, Sharp, Tejas]. There is proposal to support dedicated SRS resource configuration framework for positioning purpose[China Telecom].
· There is joint design of SRS and PUCCH. Since SRS and PUCCH formats 0/1 may share the same design concept of sequence-based signals with cyclic shifts. It is proposed to study integrating small-payload UCI into the SRS (UCI‑Embedded SRS) [MediaTek]. FL note: This proposal can be discussed in agenda item 10.5.2.3.
· There is proposal on interference probing SRS. Cooperative MIMO for TDD with downlink interference probing via SRS is proposed to facilitate accurate interference measurement and precoder adjustment for inter-cell MU-MIMO[FUTUREWEI]. 
· There is proposal to consider hybrid BS antenna architectures. For upper mid-band BSs with large antenna arrays, study enhanced SRS (e.g., repetition) for fast full CSI acquisition by hybrid (digital+analog) beamforming systems[FUTUREWEI].  But clarification is needed on what is proposed for UL-based CSI acquisition.

Table 11-1: Summary of company views
	#
	Issues
	Companies’ views

	11-1
	Other RS for UL-based CSI acquisition
	DMRS is used for UL-based CSI acquisition
· Support: Ericsson (Study UL-based CSI acquisition for DL and UL transmissions based on UL DMRS), Google (Study the non-precoded UL DMRS based CSI acquisition)
· Not support：LGE
DMRS design
· Study on-demand DMRS transmission to reduce the overhead.
· Study more flexible DMRS configurations to reduce the overhead.

Study UL CSI acquisition based on CSI-RS measurement.
· NEC
· [bookmark: _Toc220713524]Ericsson (Ask RAN4 how limits on the accuracy of reciprocity should be modelled once a basic understanding of proposed schemes relying on reciprocity is reached in RAN1.)

	11-2
	UE initiated UL based CSI acquisition

	Study UE initiated UL based CSI acquisition
· Apple: Study more UE initiated methods in UL based CSI acquisition, e.g., 
· UE initiated Rx covariance matrix reporting.
· Dynamic UE capability upgrading/downgrading.
· InterDigital: Study UE-initiated aperiodic SRS transmissions to assist CSI acquisition.
· TCL: Study on-demand SRS transmission to reduce the overhead and collision.

	11-3
	DL and UL based DL CSI acquisition 

	Sony: RAN1 should study methods for hybrid (bi-directional) CSI acquisition based on DL and UL observations, and the required statistics for combining the observations, e.g., the long-term covariance matrix. 
TCL: Study joint DL and UL fusion to improve CSI accuracy and reduce RS overhead.

	11-4
	Phase discontinuity between SRS transmissions
	ETRI: For 6GR SRS, consider phase discontinuity and power inconsistency across SRS transmissions.
Apple: Study SRS enhancement to meet 3.5GHz/7GHz co-site deployment requirement, e.g., inter-slot bundling to support extended repetition patterns (e.g., up to 32 repetitions) with phase continuity for FR3 coverage.
Ericsson: Ask RAN4 if new requirements on UE coherency between SRS transmission in different slots and/or on different subcarriers should be used for 6GR, or if NR requirements should be used.  

	11-5
	Designs related to larger channel bandwidth, early SRS trigger, etc.
	Study the following aspects to adapt SRS transmission to larger channel bandwidth:
· FFT sizes: Samsung
· Sequence design: CATT 
· Frequency hopping: OPPO, ZTE
· Sparse SRS design: OPPO, Ericsson
· SRS bandwidth configuration: NTT DCM, China Telecom
· Multi-carrier CSI acquisition: Google
Early SRS trigger related design
Study the following designs in early SRS trigger:
· Support UL based early CSI acquisition
· Qualcomm, Ericsson, NEC, CMCC
· Early SRS triggered by Msg2
· Qualcomm
· Study m-TRP oriented early SRS triggering mechanisms
· CMCC

	11-6
	Others
	· MediaTek: Study integrating small‑payload UCI into the SRS (UCI‑Embedded SRS) 
· China Telecom (SRS for positioning)
· Support the dedicated resource configuration framework (SRS-PosResource) in 6G.
· Study reuse of the existing positioning SRS framework to realize uplink sensing functionality.
· ETRI: For 6GR SRS, study MRSS mechanisms between NR and 6GR UEs. MRSS mechanisms should be studied to enable efficient coexistence of NR and 6GR SRS transmissions while maintaining manageable coordination complexity. TDM/FDM/CDM can be considered as baseline approaches for separating NR and 6GR SRS.
· NTT DCM: Study SRS out of active UL bandwidth, if different DL and UL bandwidth is considered in 6G.
· NTT DCM: Study enhancement for SRS configuration for NW assisted UE antenna port selection.
· TCL: UL-assisted CSI acquisition: 6G can utilize AI to reduce CSI-RS overhead and enhance CSI feedback accuracy in TDD mode. For example, the UE only feeds back sparsely sampled CSI information, with missing data measured by the base station via SRS and compensated through AI-based inference for uplink-downlink fusion.
· TCL: Study joint CSI prediction and compression 6G explicit CSI enhancement.
FUTUREWEI:
Proposal 4: For UMB base stations, hybrid antenna architecture with a large number of antenna elements and moderate number of TXRUs supporting hybrid beamforming with a combination of adjustable analog beamforming and digital precoding, should be a key focus area at least for:
· Antenna panel with a large number of antenna elements, e.g., > 512 elements;
· Carriers with very wide bandwidth, e.g., ≥ 100 MHz bandwidth; or
· [bookmark: OLE_LINK729]Frequencies at the high upper midband.
Proposal 5: For UMB base stations, at least study the following hybrid antenna combinations:
· For around 7 GHz, at least focus on “Combination 4: 2048 elements,	256 TXRUs” and other combinations of 2048 elements with even fewer TXRUs;
· For around 15 GHz, at least focus on “Combination 3: 2048 elements,	32 TXRUs” and “Combination 2: 2048 elements,	128 TXRUs”.
[bookmark: OLE_LINK53]Proposal 6: For hybrid BS antennas, study the issue of how to acquire full CSI faster for efficient MU MIMO support.



11.1 Round 1 discussion


Feature lead proposal 11-1:
For UL-based CSI acquisition, study the use of PUSCH DMRS to complement SRS.

Companies are encouraged to show views/comments/suggestions about above proposals in the following tables.
Table 11-2: Company views/comments/suggestions
	Company
	Input

	Mod
	Please share your views.

	OPPO
	Some suggestion on the wording:

For UL-based CSI acquisition, study whether/how to use PUSCH DMRS to complement SRS

	Nokia
	We support this proposal, which we discuss in our tdoc. Our view is missing from the table above 

	Huawei, HiSilicon
	Prefer to postpone until basic SRS framework is relatively stable.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	




12. EVM
Several companies [Huawei, Ericsson, Samsung, CATT, AT&T] propose simulation assumptions including SLS assumption and LLS assumption.
· All these companies propose to evaluate around 7 GHz (TDD) frequency. One company proposes to include a representative FDD based carrier frequency to allow for analysis of potential SRS enhancements or simplifications given the non-reciprocal and wide coverage profile of such bands [Ericsson]. Several companies propose to evaluate around 2GHz [Huawei], around 4GHz [Huawei, Samsung] and legacy midband [AT&T]. Besides, one company proposes to evaluate 28 GHz (TDD) frequency [Ericsson]. Correspondingly, some parameters associated with frequency are proposed (e.g., simulation bandwidth, numerology, antenna configurations). These parameters can be discussed after carrier frequency has been determined.
· Several traffic models including full buffer, FTP model 1, FTP model 3 and other traffic models (e.g., eFTP model) are proposed by companies [Huawei, Ericsson, CATT]. The traffic model is highly relevant to data transmission, and these proposals can depend on the conclusion of agenda item 10.1 and 10.5.3.3.
· Companies propose to evaluate dense urban, UMa, UMi and SMa scenarios [Huawei, CATT, AT&T, Ericsson]. The candidate values of ISD in UMa scenarios are 200m [CATT, Ericsson] and 500m [Ericsson]. The proposed value of ISD in SMa scenario is 1732 [AT&T]. The proposed value of ISD in UMi scenario is 200 [CATT]. Two options of the layout are proposed from companies. One option is 7×3 cells, Single layer - Hex. Grid [Huawei], and the other option is single cell layout [Samsung].
· Several companies propose UE speed in the evaluation. One company proposes to set UE speed to 1 km/h to capture relatively slower channel variation in FWA evaluation. Other UE speeds include 3km/h [Huawei, Samsung, CATT], 30km/h [CATT, Huawei], 120km/h [CATT] and other speed [Huawei].
· One company proposes to evaluate new UE model introduced in TR 38.901 and further study actual antenna locations [Ericsson], and one company proposed to evaluate UE antenna modelling in TR 38.901 and the detailed model is not mentioned [Huawei]. Currently, UE antenna models are discussed under agenda item 10.1 and no conclusion has been reached. This depends on the conclusion of agenda item 10.1.
· One company proposes to model different insertion losses for different UE antenna ports [Ericsson]. However, the detailed insertion losses model is not provided. Interested companies are encouraged to provide UE impairments models.
· Several companies propose to adopt realistic channel estimation in the simulation [Huawei, Ericsson, Samsung], and one company proposes that ideal channel estimation can also be used in the evaluation [Huawei]. One company proposes a channel estimation error model as an option, where the estimated channel is expressed as
,
where  is the actual channel on SRS,  represents the channel estimation error, modelled as complex Gaussian noise, i.e., .
· The evaluation metrics are proposed by companies. For link level simulation, BLER, SE/throughput can be used as metric [Huawei, Samsung, CATT], other metrics like MSE can be also considered [CATT]. For system level simulation, cell average DL SE, cell edge DL SE, cell average UPT, cell edge UPT, and CDF of UPT can be used as metrics [Huawei, CATT]. One company proposes intermediate metric such as squared generalized cosine similarity (SGCS) and/or normalized mean square error (NMSE) to evaluate the accuracy of the output reconstructed channel matrix and/or its eigenvector [Huawei].

12.1 Round 1 discussion

The evaluation assumptions of UL-based CSI acquisition and DL-based CSI acquisition shall be aligned. FL suggests to follow the evaluation assumption of DL-based CSI acquisition to avoid conflicts. If there is any evaluation assumption that is unique to UL-based CSI evaluation, we can discuss here.

Companies are encouraged to share views on what is unique to UL-based CSI evaluation in the following table.
Table 12-1: Company views/comments/suggestions
	Company
	Input

	Mod
	Please share your views.

	OPPO
	We suggest to align the evaluation assumption between 10.5.2.3 and 10.5.3.2.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	






13. Proposals to be discussed in online/offline sessions

14. Agreements made sofar

RAN1#124


RAN1#124b
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