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[bookmark: _Hlk100228640]Introduction
According to 6GR SID, we have the following objective
(1) Physical Layer structure for 6GR, 
…
g) MIMO operation [RAN1, RAN4]
…

The following email thread is assigned for the discussion 
10.5.3.3	Other aspects
Note 1: Including proposals for CSI acquisition and report jointly considering both downlink and uplink, other reference signal(s) design and transmission, e.g., for tracking, etc.
[124-R20-6GR-Other Aspects related to CSI] Email discussion on Rel-20 6GR-Other Aspects related to CSI – Bingchao (Lenovo)
· 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 10.5.3.3 on other aspects related to CSI in this meeting. 
1. Work plan
Based on contributions submitted in this agenda item and according to chairman’s guidance, the following aspects of CSI will be handled in this agenda in this meeting
· Aspect#1: Reference signal for time and frequency (T/F) tracking
· Potential scenarios should be considered
· Aspects need to be considered for the RS for tracking
· Evaluation methodology
· Aspect#2: Joint DL and UL based DL CSI acquisition
· Potential use cases to be evaluated
· Potential schemes to be evaluated
· Evaluation methodology
This summary will be used for the 1st online discussion
2. Contact Person
For potential offline discussions, companies/delegates are encouraged to provide the contact information in the following table: 
Table 1 Contact Information
	Company
	Point(s) of contact
	Email address(es)

	OPPO
	Wendong Liu, Wenhong Chen
	liuwendong1@oppo.com
chenwenhong@oppo.com

	MediaTek
	Darcy
	darcy.tsai@mediatek.com 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Online/Offline proposals


Reference signal for time and frequency tracking
Issue#1: Scenarios for time/frequency tracking RS
Contributions proposal
	Nokia
	Proposal 1: In the study for TRS like signal in 6GR, use cases and corresponding requirements should be clarified.

	FUTUREWEI
	Proposal 5: Support early/on-demand tracking acquisition in 6G:
· As a mandatory feature for fast SCell/Secondary Component Carrier (SCC) activation
· As an optional feature for early CSI acquisition before CONNECTED.
Proposal 4: Study to introduce multi-port TRS as a QCL source for DL transmissions using massive MIMO antenna arrays, to reduce the mismatch of the precoding of TRS and that of DMRS/CSI-RS, improving the channel estimation performance.

	Spreadtrum
	Proposal 4: Study whether NR requirements for time/frequency tracking is sufficient for RAN1 to continue future work for 6GR.
Proposal 3: For fine time/frequency tracking, consider to reuse CSI-RS design with dedicated configuration.

	CATT
	Proposal 1: Study a dedicated RS (e.g., TRS) for time and frequency tracking for 6GR.

	CMCC
	Proposal 1: Study the m-TRP early TRS triggering during initial access.
[bookmark: OLE_LINK46]Proposal 3: In 6G, the TRS configuration may be decoupled from the CSI reporting framework. It is proposed to study a "measurement-only" resource management design where TRS can be activated strictly as a physical layer synchronization signal, independent of a CSI-ReportConfig.
Proposal 2: Study a simplified reference signal design for early access in 6G, where a single triggered RS burst can be utilized for both time-frequency tracking and early CSI acquisition, thereby reducing reference signal overhead in multi-TRP/CFA(cell-free area) scenarios.
[bookmark: OLE_LINK43][bookmark: OLE_LINK31][bookmark: OLE_LINK29][bookmark: OLE_LINK30]Proposal 4: Study a hybrid configuration framework for TRS in 6G. Specifically, in addition to legacy RRC-based configuration, 6G may introduce SIB-based configuration to enable common TRS availability for UEs in idle/inactive states and to facilitate the configuration of early TRS resources prior to dedicated signaling.

	vivo
	Proposal 1: Study more flexible TRS pattern in time domain in 6GR, including the gap between two TRS symbols and the number of occupied slots. (FR3)

	Ericsson
	Proposal 1: 6G should define a more flexible UE fine synchronization framework that does not always rely on periodic TRS transmissions for all deployments and circumstances.

	Google
	Proposal 1: Support the TRS in 6G based on the 5G TRS structure for connected mode UE.
Proposal 2: Support the TRS for idle mode UE, where the TRSs can be one-to-one associated with SSBs.
Proposal 3: Support the receive the PDCCH/PDSCH for SIB based on the TRS in idle mode, i.e., TRS assisted demodulation.
Proposal 5: Study the RLM adaptation based on the TDCP measured from TRS.

	Lenovo
	The study of CSI-RS design should consider both communication and sensing.

	Rakuten
	Proposal 2: Study enhancements for 6GR multi-TRP coordination, including efficient and scalable frequency synchronization for CJT, e.g., inter-TRP reference signal designs; leveraging external aids for residual Doppler compensation.

	Qualcomm
	Proposal 1: Any study on overhead reduction for TRS should take UE operation and user experience consideration.
Proposal 2: 6G should aim to simplify ecosystem support for positioning and sensing, prioritizing “minimal additional effort from the infrastructure side” and “minimal additional air interface overhead”.
Proposal 3: In the study of 6G reference signals for tracking, also consider the goal to enable unified and integrated Sensing, Positioning, and Communication.

	NEC
	Proposal 2: Support to reuse NR TRS (both periodic and aperiodic) as starting point, and 1 slot TRS pattern can be supported from 6G Day1. 
Proposal 3: Study to support aperiodic TRS for CJT calibration, TDCP or other channel property information.

	OPPO
	Proposal 1: Support periodic TRS in 6G day 1. 
· Further study whether to support aperiodic TRS 
· TRS as specific CSI-RS as the starting point
· Consider possible usages during design of TRS, e.g. XDCP and CJT calibration measurement

	MediaTek
	Proposal 1: 6GR should support a dedicated sync/reference signal for DL synchronization in connected-mode, which allows on-demand and flexible transmission across the time, frequency, and spatial domains.
Proposal 2: To maximize efficiency and reduce overhead, the connected-mode SS/RS should be non-SSB-based and a versatile signal that unifies support for DL synchronization, mobility/beam management, and channel property reporting (TDCP/FDCP/SDCP).

	Apple
	Proposal 5: For 6GR, maintain NR TR TRS framework for fine frequency/time tracking for connected mode:
· Further study the periodicity range, TRS pattern considering high speed scenario, high MCS, etc.

	vivo
	Proposal 2: Study jointly using SSB and TRS for T/F tracking for TRS overhead reduction in 6GR.
Proposal 3: For UEs with advanced/AI receiver, study whether it is necessary to have TRS as the QCL source for PDSCH reception.
· Strive to have no extra enhancement on DMRS pattern if TRS is not used as QCL source

	Qualcomm
	Proposal 4: RAN1 to study how to improve UL performance in high mobility scenarios.



Observation and summary
Companies generally support studying the reference signals for fine time/frequency tracking for UEs at least in connected mode. Most companies proposed to introduce 5G TRS like signals for such purpose. However, ZTE[9], vivo[13] and Ericsson[14] pointed that in some cases, DMRS signals may be enough. Companies including Nokia[2], FUTUREWEI [3], CMCC[11] and Google[15] proposed to also support TRS for idle mode UE or UE in initial access phase for potential early CSI acquisition. Please note that TRS for idle mode UE in initial access is being specified for 5GA UE in R20. FUTUREWEI [3] also proposed to support TRS for fast SCell/Secondary Component Carrier (SCC) activation, which is also being specified in R20 for 5GA UE. 
In summary, most companies think that fine time/frequency tracking is critical issue for the DL channel/signal, e.g., PDSCH DMRS and CSI-RS reception. Because of the narrow bandwidth, SSB based T/F tracking may not satisfy the requirement [19]. Regarding the RS used for fine T/F synchronization, dedicated RS, e.g., TRS, or other RS, e.g., DMRS, can be considered [9]. On the other hand, if the UE has the capability with AI based receive, vivo’s [13] simulation results prove that it’s possible to obtain the T/F tracking without TRS.
Regarding the use case, both UE in connected mode and idle model are mentioned. Companies are encouraged to consider whether one or both should be supported in day 1.
FL Proposals
FL proposal 3.1a: Consider the following options for time/frequency tracking 
· Option 1: Dedicated reference signal for T/F tracking, e.g., TRS
· Option 2: Reference signals for other purposes, e.g., DMRS or SSB
Other options are not precluded.

FL proposal 3.1b: Study the RS for finer time/frequency tracking for the following use cases:
· UE in connected mode
· UE in idle mode, e.g., for early CSI acquisition

	Company
	Comment

	FL
	Please share your views on FL proposals 3.1a and 3.1b.

	OPPO
	For proposal 3.1a, we are fine to study time/frequency tracking in 6G day 1. 
For option 1, it is not very clear to us, since TRS in 5G NR is also a kind of CSI-RS. The intention of option 1 is TRS in 6G is a dedicated reference signal for T/F tracking instead of a specific CSI-RS, or just follow the manner in 5G NR?
For option 2, some companies propose that other reference signals (E.g., DMRS or SSB) can be used for T/F tracking. We are fine to consider it as supplementary to TRS. However, if they are used for tracking independently, the tracking performance and UE complexity should be carefully studied.

For proposal 3.1b, UE in connected mode should be studied firstly. Whether/how to support T/F tracking for UE in idle mode can be discussed later.

	MediaTek
	FL proposal 3.1a: Our interpretation to Option 1 in this proposal is, following 5G NR where there is a dedicated signal for tracking, i.e., TRS. Option 2 is we can use other RS for tracking purpose. In our view, we are fine with both, if any signal can be provided with sufficient density in time/frequency domain, sufficient bandwidth, and sufficient number of transmission occasions before PDSCH reception. A dedicated signal like NR TRS is a straightforward design. However, reusing other signals may be beneficial for overhead reduction. 

For option 2, we’d like add “OD-SS/RS” as the candidate.

FL proposal 3.1b: We share similar view as OPPO that we should focus on connected mode. For idle mode or even initial access, it is more proper to discuss in initial access agenda item (i.e., study of OD-SS/RS). 

FL proposal 3.1a: Consider the following options for time/frequency tracking in connected mode
1. Option 1: Dedicated reference signal for T/F tracking, e.g., TRS
1. Option 2: Reference signals for other purposes, e.g., DMRS, on-demand SS/RS, or SSB
Other options are not precluded.


	
	

	
	

	
	

	
	

	
	

	
	

	
	



Issue#3: Aspects should be considered for 6GR TRS design
Contributions proposal
	Nokia
	[bookmark: _Hlk221091871]Proposal 3: If TRS usage(s) is kept in 6GR, study the need to enable more flexible TRS adaptation for the purpose of overhead reduction /energy savings, without compromising performance.

	Huawei
	Proposal 3: 6GR TRS for finer time/frequency synchronization shall be studied, considering NR TRS as a starting point and minimizing 6G TRS overhead as much as possible.

	Ericsson
	Proposal 2: Study means for performing fine UE synchronization via reference signals used for demodulation (DMRS) in 6G.

	NEC
	Proposal 2: Support to reuse NR TRS (both periodic and aperiodic) as starting point, and 1 slot TRS pattern can be supported from 6G Day1. 
Proposal 3: Study to support aperiodic TRS for CJT calibration, TDCP or other channel property information.

	Apple
	Proposal 5: For 6GR, maintain NR TR TRS framework for fine frequency/time tracking for connected mode:
· Further study the periodicity range, TRS pattern considering high speed scenario, high MCS, etc.

	Fujitsu
	Proposal 5: In 6GR, more flexible design for TRS can be considered and studied.

	LGE
	Proposal 3: Study TRS usages in addition to the original purpose of time and frequency tracking and consider NR TRS design as a baseline for further discussion.
Proposal 4: TRS is supported by aggregating multiple NZP CSI-RS resources as in NR.

	TCL
	Proposal 1 ：For TRS configuration, 6G should consider further studying flexible time domain behavior, such as trigger methods, periodic adaptation, and other related aspects.

	CATT
	Proposal 2: The following TRS pattern can be considered by 6GR: a burst-based structure with small time and frequency spacing of RS within each burst.

	OPPO
	Proposal 2: Support periodic TRS in 6G day 1. 
· Further study whether to support aperiodic TRS 
· TRS as specific CSI-RS as the starting point
· Consider possible usages during design of TRS, e.g. XDCP and CJT calibration measurement

	ZTE
	Proposal 4: The design of RS for tracking in 6GR should consider the following aspects:
· RS overhead reduction
· NW energy consumption reduction
· UE energy consumption and complexity reduction
· Support multi-TRP scenario (e.g., enable UE transparent multi-TRP operation) 
Proposal 5: Regarding RS for tracking, study the following candidates for fine time and frequency tracking in 6GR to reduce RS overhead and NW energy consumption caused by configuring dedicated periodic TRS as in 5G-NR.
· Scheme-1: DMRS based tracking, e.g., PDSCH DMRS, or DMRS only
· Scheme-2: AP-TRS based tracking (standalone) 

	Google
	Proposal 4: Support the time-domain and spatial-domain adaptation for TRS with regard to network energy saving.

	Samsung
	Proposal 1: For 6GR, study an appropriate TRS design considering the following aspects.
· To adjust TRS overhead, strive to reduce/adapt TRS time/frequency resource allocation
· To achieve more NES gain, strive to minimize “always-on” periodic signal and alternate with other signal(s) that UEs should receive/observe/measure.
· Study whether/how to minimize per-TRP tracking
· Study whether/how to modify QCL source/target relationship providing/achieving channel parameters considering TRS design

	Lenovo
	Proposal 11: Take 5G NR TRS as the baseline for 6GR TRS evaluation.
Proposal 12: Link level simulation can be used for the 6GR TRS evaluation and at least the following scenarios should be considered:
· New frequency band: 700MHz and FR3 frequency band (e.g. 7GHz)
· Large number of TXRUs (e.g. more than 128) with beamforming
· Higher speed scenarios.

	MediaTek
	Proposal 1: 6GR should support a dedicated sync/reference signal for DL synchronization in connected-mode, which allows on-demand and flexible transmission across the time, frequency, and spatial domains.
Proposal 2: To maximize efficiency and reduce overhead, the connected-mode SS/RS should be non-SSB-based and a versatile signal that unifies support for DL synchronization, mobility/beam management, and channel property reporting (TDCP/FDCP/SDCP).

	Ofinna
	Proposal #2: For 6GR, study the necessity and feasibility of a low-overhead tracking RS as ‘glitch RS’ to be inserted near slot boundaries to enable phase/amplitude estimation and facilitate joint channel estimation across slots.

	vivo
	Proposal 2: Study jointly using SSB and TRS for T/F tracking for TRS overhead reduction in 6GR.
Proposal 3: For UEs with advanced/AI receiver, study whether it is necessary to have TRS as the QCL source for PDSCH reception.
· Strive to have no extra enhancement on DMRS pattern if TRS is not used as QCL source



Observation and summary
Regarding the reference signaling design for tracking, companies identified the following issues based on the analysis on 5G NR TRS framework and by considering the 6GR use cases: 
· Periodic TRS with fixed frequency density causes larger overhead[2], [6], [9] [13], [17], [23] [20]
· Always-on TRS causes high power consumption for NW and UE [2], [9], [15], [17]
· TRS may not be needed for fine time/frequency tracking for some cases, e.g., coarse time and frequency tracking based on SSB would be enough, or fine T/F tracking can be obtained by DMRS [9],[14]
· Periodic TRS transmission configured via RRC lacks flexibility [2], [8], [21]
Considering that TRS is also used for CJT calibration for multi-TRP deployment and TDCP reporting, OPPO[7], NEC[16], MediaTek[20] and Rakuten[27] proposed the study of TRS should also consider the other purpose including CJT calibration and channel property reporting, e.g., TDCP, in addition to time/frequency synchronization. 
In 5G NR, TRS is also used for the QCL parameters including Doppler spread, Doppler shift, average delay and delay spread acquisition for the DMRS and CSI-RS reception. Thus, lots of companies including Nokia[2], FUTUREWEI[3], OPPO[7], Samsung[17], proposed that the TRS design should consider the impact on the QCL relation. Nokia [2], FUTUREWEI [3] and ZTE[9] pointed out that TRS in 5G NR is actually cell-specific transmitted by using a wide beam, which is usually different from the beam used for the DMRS and CSI-RS for CSI acquisition. Thus, the observed QCL parameters may also be different. That would lead to channel estimation performance degradation, SINR lost and lower system performance.
Nokia [2], FUTUREWEI[3] pointed that the TRS in 5G NR is also used to provide the QCL parameter including Doppler spread, Doppler shift, delay spread and average delay estimates of the radio channel so that the UE would be able to set and update parameters for the channel estimation filters for the purpose of reception of downlink CSI-RS, PDCCH DMRS and PDSCH DMRS.
ZTE[9], vivo[13] and Ericsson[14] demonstrated that DMRS based tracking is possible for some cases, e.g., for the UE with an AI receiver for channel estimation and demodulation.
Apple’s [19] simulation shows that TRS based tracking provided significant performance gain over SSB based tracking.
Qualcomm[26] and Lenovo[18] proposed that the TRS design should also consider that it may be used for sensing and positioning.
Some companies have proposed possible solutions to address certain issues. For example, FUTUREWEI [3] proposed to support multi-port TRS
 Taking the above issues into account, we provide the potential FL proposals for discussion in the following section.
FL proposals
FL proposal 3.2a: Considering the following aspects for the RS design for tracking
· Lower overhead
· Energy saving for NW
· Flexible transmission, e.g., flexible density in frequency and time domain
· Support of multi-TRP deployment
· Mismatch on the beam between the TRS and associated channel/signal, e.g., DMRS and CSI-RS for QCL parameter acquisition

FL proposal 3.2b: The study of RS for tracking needs to consider it can also be used for the following purpose
· QCL parameters acquisition
· CJT calibration
· Channel property reporting, e.g., TDCP
· Other purpose is not precluded.

	Company
	Comment

	FL
	Please share your views on FL proposals 3.2a and 3.2b.

	OPPO
	For proposal 3.2a, we are generally fine for these aspects. To us, the UE-side complexity to support fine T/F tracking should also be considered.

	MediaTek
	FL proposal 3.2a
· Flexible transmission in time and frequency domains are the most important design aspect to guarantee the tracking performance, including density in frequency and time domains, bandwidth, and periodicity (or number of transmission burst)
· Support of multi-carrier operation is also important, as some carrier may not even contain SSB in 6G.
· “Mismatch on the beam between the TRS and associated channel/signal” means the Tx beam of TRP and the Tx beam of the target channel/signal may not the same? This bullet needs more clarification.

FL proposal 3.2b
· QCL parameters acquisition should not be the additional purpose of supporting tracking RS. It is the main purpose of tracking RS. In 5G NR, when PDCCH/PDSCH is QCLed with TRS in TypeA, it means UE will perform time/frequency tracking based on the associated TRS.
· We’d like to add “beam measurement” as one candidate.

	
	

	
	

	
	

	
	

	
	



Evaluation methodology (EVM)
In this meeting, ZTE[9], vivo[13], Ericsson[14] and Apple[19] provide primary simulation result on the T/F tracking by using LLS. CATT[10] and Samsung[17] also provided EVM on the evaluation for the T/F tracking. Different companies provide simulation with different evaluation assumptions. Basically, LLS should at least be used for the evaluation and a common EVM is expected for UE fine synchronization evaluation. And we plan to discuss the simulation assumptions beginning from the following table.
[bookmark: _Ref218589675]
Table 2: LLS assumptions for T/F tracking 
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	3.5G, 7 GHz, 15GHz

	Subcarrier spacing
	15, 30, 60, 120

	Bandwidth
	20 MHz

	MIMO scheme
	SU-MIMO

	Modulation
	QPSK, 16QAM

	Channel Model
	CDL-C
TDL-A

	Delay spread
	30ns, 100ns, 300 ns

	Initial CFO
	Uniform distribution +/- 0.1 ppm (fixed and/or different values are not precluded)

	UE velocity
	3km/h, 10km/h

	BS antenna configuration
	3.5GHz
· 32 TXRUs: (M, N, P, Mg, Ng, Mp, Np) = (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ
7GHz 
· 32 TXRUs: (M, N, P, Mg, Ng, Mp, Np) = (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ
15GHz 
· 8TXRUs: (M, N, P, Mg, Ng, Mp, Np) = (4, 4, 2, 2, 2, 1, 1), (dH,dV) = (0.5, 0.5)λ


	UE antenna configuration
	4Rx  
(M, N, P, Mg, Ng, Mp, Np) = (1, 2, 2, 1, 1, 1, 1), (dH,dV) = (0.5, 0.5)λ 

	Channel estimation
	Realistic channel estimation

	Performance metric
	Estimation error, BLER, Throughput

	RS used for tracking
	Report by companies

	RS configuration
	Report by companies

	
	




	Company
	Comment

	FL
	Please share your views on the simulation assumptions.

	OPPO
	Generally Ok to this EVM with some minor comments:
1. For carrier frequency, 4GHz can be used instead of 3.5GHz following the discussion in 10.1.
2. For SCS, for TDD, only 30KHz was agreed, and 15kHz should be deleted.
3. For modulation order, it seems not necessary to restrict it as QPSK and 16QAM.
4. For BS antenna config, it should be aligned with output of 10.1 EVM.
5. For UE antenna config, it should be (1,2,2,1,1,1,2) 

	MediaTek
	1. We also prefer to delete 15Khz
2. We also prefer no restriction on modulation order. It’s important to see how DL synchronization impact to different modulation orders.
3. For BS/UE antenna config, prefer to align with 10.1 EVM.

	
	

	
	

	
	

	
	

	
	



Reference signal for phase tracking 
Per chairman’s guidance, PT-RS related discussion will be handled in 10.5.2.2 and 10.5.2.3 for DL and UL, respectively.
RS for other purpose

	Ofinno
	Proposal #3: Investigate the potential specification impacts on multi-slot-centric design (including TBS determination, UCI multiplexing rules, and definitions on CSI reference resources) to accommodate flexible transmission and new RS type.



	Company
	Comment

	FL
	Please share your views, if any.

	
	

	
	



[bookmark: OLE_LINK4]CSI acquisition by jointly DL and UL
0. Evaluation methodology (EVM)
To demonstrate the performance gain of joint DL and UL based DL CSI acquisition, companies are encouraged to provide simulation results. Different simulation assumptions are used for different companies in this meeting. Considering that this topic is related with the CSI report and SRS, and to avoid duplicated discussion, I tend to propose to reuse the simulation assumptions for CSI reporting for this topic. While companies can provide detailed SRS related parameters in the individual contributions.
On the other hand, non-ideal aspects may need to be considered. Samsung [17] provided a modelling method on the SRS power imbalance as , where  is the true DL channel matrix and  is a diagonal matrix with diagonal coefficient  representing the power ratio of the i-th antenna with respect to the antenna that has highest power. Noise modelling may also need to be considered, as used by Apple in [19], for both DL and UL by considering the Tx power for CSI-RS and SRS transmission.
Another thing is that both AI and non-AI schemes are proposed by companies for this topic, for a fair comparation, a same EVM is preferred for both schemes. In addition to the regular MIMO KPI including throughput and spectral efficiency, intermediate KPI, e.g., SGCS, which is used for AI based CSI report in 5G NR should also be used.
Regarding to the AI/ML based schemes, the model generalization and scalability performance will influence the practical system performance, thus the following aspects are proposed to be considered for the AI/ML related use case evaluation:
· Deployment scenarios with different channel assumptions, 
· Various deployment scenarios (e.g., UMa, Umi, …)
· Various channel delay spreads, e.g., 30ns, 100ns, 300ns, etc.
· Various UE speeds, e.g., 3km/h, 30km/h, 120km/h, etc.
· Antenna configurations, 
· Various # of transmitting antenna element number and/or port number
· Various frequency domain resource (e.g., bandwidth, SRS density), 
· E.g., various bandwidth for SRS and CSI
· E.g., various frequency densities for SRS and/or CSI
· Various time domain factors
· Various SRS periodicities
· Various CSI reporting periodicites

0. FL proposals
FL proposal 6.0a: For joint DL and UL based DL CSI acquisition, reuse the evaluation methodology used for CSI reporting in 10.5.3.1.
 FL proposal 6.0b: For joint DL and UL based DL CSI acquisition evaluation, 
· considering the SRS power imbalance by using the model , where  is the true DL channel matrix and  is a diagonal matrix with diagonal coefficient  representing the power ratio of the i-th antenna with respect to the antenna that has highest power.
· considering the noising modelling of the CSI-RS and SRS reception.
FL proposal 6.0c: Intermediate KPI, e.g., SGCS, can be used for performance comparison in addition to the system level performance

	Company
	Comment

	FL
	Please share your views on FL proposal 6.0a, 6.0b and 6.0c.

	OPPO
	Ok for proposal 6.0a and proposal 6.0c.
For proposal 6.0b, whether/how to model the SRS power imbalance can be further discussed. We can wait for more inputs from companies.

	
	

	
	

	
	

	
	

	
	



Cat.1: CSI acquisition for TDD
Contributions proposal:
	OPPO
	Proposal 1: Support CSI report without PMI for reciprocity based transmission in 6GR day 1.

	ZTE
	Proposal 1: Study joint CSI-RS and SRS based CSI acquisition in 6GR to achieve an optimal trade-off between CSI acquisition accuracy and report overhead.

	CMCC
	[bookmark: OLE_LINK70]Proposal 5: In 6GR, a joint CSI reporting mechanism based on SRS and CSI-RS to enhance performance in TDD scenarios could be studied.

	Google
	Proposal 6: For joint UL/DL CSI acquisition, study one SRS configured with multiple usages based on the following options:
· SRS configured for codebook and antenna switching
· SRS configured for non-codebook and antenna switching

	NEC
	Proposal 1: Study the feasibility of jointly downlink and uplink CSI acquisition.

	Lenovo
	Proposal 8: Study enhanced CSI acquisition and report mechanism for joint downlink and uplink based on reciprocity property.

	Apple
	Proposal 1: For CSI feedback and SRS fusion, reuse the MIMO evaluation methodology as a starting point. Use the per-RB SGCS and/or per-RBG SGCS, instead of per-sub band SGCS as the intermediate KPI.
Proposal 2: For CSI feedback and SRS fusion in TDD system, study fusion of different CSI feedback candidate with SRS selection:
· CSI feedback is channel with matching antenna elements as SRS sounded antennas
· CSI feedback is channel from different antenna elements compared to SRS sounded antennas.
· CSI feedback is the precoding matrix.
· CSI feedback is the transformed matrix using UE side precoding vector U matrix.
Proposal 3: For CSI feedback and SRS fusion in TDD system, SRS and CSI feedback fusion study should assume un-calibrated UE Tx/Rx chain.
Proposal 4: Study CSI feedback and SRS fusion in FDD system.

	Ofinno
	Proposal 1: Study a unified framework for joint DL and UL CSI acquisition to compensate for RF hardware implementation issue and reduce RS overhead.

	Qualcomm
	Proposal 5: Prioritize independent DL-based and UL-based CSI acquisition over joint DL-UL CSI acquisition.

	Pengcheng Lab
	Proposal 1: Study a unified, parameterized and scalable CSI codebook framework for 6G joint DL/UL CSI acquisition. The framework should support seamless operation between reciprocity-based and feedback-based modes within a single codebook family.


Observation and summary:
SRS based DL CSI acquisition is an important feature for TDD deployment under the assumption of DL-UL channel reciprocity. Some companies pointed out that the accuracy of DL CSI acquired solely based on SRS may not meet the requirements of 6GR. Reasons include: 1) Due to the limited UL transmit power, the reception SINR of SRS is generally low, resulting in insufficient channel estimation accuracy; 2) In order to increase the transmit power of SRS, particularly when the sounding bandwidth is large, frequency hopping is typically employed, and the longer frequency hopping period also leads to the issue of CSI aging. Given that, joint DL and UL based DL CSI acquisition should be studied at least for TDD system. However, Qualcomm [26] proposed that Joint DL-UL CSI acquisition can be a network implementation choice and transparent to UE.
FL proposals
FL proposal 6.1: Study joint DL and UL based DL CSI acquisition in TDD system.

	Company
	Comment

	FL
	Please share your views on FL proposal 6.1.

	OPPO
	Support.

	MediaTek
	Support

	
	

	
	

	
	

	
	

	
	

	
	



Cat.2: Long-term channel information feedback
Contributions proposal:
	Huawei
	Proposal 1: 6GR should study and consider leveraging long-term channel information to facilitate sparse SRS design and high-precision uplink-based CSI acquisition.
Proposal 2: 6GR MIMO should study the utilization of long-term channel information to facilitate SRS based CSI acquisition, especially for multi-TRP cooperation scenarios.

	ZTE
	Proposal 2: Support compressed covariance report for DL CSI acquisition in 6GR, e.g., SRS based CSI acquisition. 

	CMCC
	Proposal 6: In 6GR, DL-assisted SRS transmission, utilizing downlink channel characteristics to assist SRS transmission for coverage enhancement and capacity optimization can be studied.

	DOCOMO
	Proposal 2.1: Study the measurement and reporting of the long-term channel covariance matrix based on DL RS to support inter-cell UL interference suppression.


Observation and summary
[bookmark: OLE_LINK1]At least four companies’ study shown that long-term channel information, e.g., the channel covariance matrix, can be used for inter-TRP and inter-cell interference suppression for SRS based channel estimation to increase the corresponding CSI accuracy. This enhancement is beneficial for improving both the capacity and coverage of SRS, since it helps improve the accuracy of sparse SRS-based channel estimation. ZTE [9] provided preliminary simulation results to demonstrate that covariance-assisted SRS-based CSI acquisition provides superior CSI estimation accuracy compared to SRS-only based CSI acquisition as follows

Given that, companies are encouraged to study long-term channel information, e.g., DL channel covariance, feedback to increase the SRS based CSI estimation accuracy for TDD system.
FL proposals
FL proposal 6.2: Study the long-term channel information assisted SRS-based CSI acquisition for TDD system.

	Company
	Comment

	FL
	Please share your views on FL proposal 6.2.

	OPPO
	It is not clear what is ‘long-term channel information’, and what is the difference between long-term and short-term information. In this stage, it is better to collect more results for joint DL and UL, then we can discuss which way is better for further study.

	MediaTek
	It should be one use case of joint DL and UL based DL CSI acquisition in TDD system. Do we need a separate proposal?

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Cat. 3: AI based joint DL and UL CSI
Contributions proposal
	OPPO
	Proposal 2: Support to study fusion of downlink CSI feedback and SRS measurement in 6GR.
Two-sided model

	ZTE
	Proposal 3: Study AI/ML based CSI acquisition via CSI-RS and SRS in 6GR, e.g., NW-sided model-based method, and two-sided model-based method. 
· To identify the performance and complexity by comprehensive simulation evaluation.

	Samsung
	For 6GR, 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 uplink reference, e.g., SRS/DMRS, signals. Consider both NW-side and two-sided model-based approach.

	Apple
	Proposal 1: For CSI feedback and SRS fusion, reuse the MIMO evaluation methodology as a starting point. Use the per-RB SGCS and/or per-RBG SGCS, instead of per-sub band SGCS as the intermediate KPI.

	LGE
	Proposal 1: Study reciprocity-based CSI acquisition including CSI compression extension with SRS, i.e., AIML sub-case D.

	Ofinno
	Proposal #1: Study a unified framework for joint DL and UL CSI acquisition to compensate for RF hardware implementation issue and reduce RS overhead.
AI based solution is taken as a example.


Observation and summary
At least 6 companies proposed to study the AI based joint DL and UL CSI acquisition to increase the CSI accuracy as well as reduce the RS overhead. OPPO[7], ZTE[9] Samsung[17] and Apple[19] provided preliminary simulation results which demonstrated that fused CSI with SRS based CSI reconstruction can provided observed performance gain over both SRS only and CSI only based scheme in terms of SGCS.
The following two use cases are considered by those companies.
Sub-case D1: CSI reconstruction with CSI feedback with SRS based on two-sided model
For this sub-case, the two-sided model based CSI compression, which is being specified in R20 5GA, is used for CSI report. At the NW side, compressed CSI or recovered CSI and CSI calculated based on SRS are jointly used to recover the full channel matrix information[7][9][17][19]. An example framework is illustrated as follows [9]:
[image: IMG_256]
The related simulation results are listed in the following table
Table 3 Preliminary results on fused CSI and SRS with two sided-model 
	Companies
	Simulation results and observations

	OPPO
	Table 1. SGCS comparisons
	SGCS
	Layer 1
	Layer 2
	Layer 3
	Layer 4

	Benchmark 1
	0.813
	0.689
	0.636
	0.592

	Benchmark 2
	0.792
	0.687
	0.645
	0.612

	Option 1
	0.915
	0.844
	0.794
	0.752




	Samsung
	[image: ]
Figure 2. SGCS gain of SRS-assisted explicit CSI reconstruction
Observation 2: Two-sided model for SRS-assisted explicit channel reconstruction from spatially sub-sampled CSI-RS measurement achieves significant SGCS gain over SRS-based DL-CSI acquisition for large channel dimensions.


	Apple
	[bookmark: _Ref220488299]Table 2: Per RB/RBG SGCS comparison without noise.
	
	Per RB SGCS
	Per RBG SGCS 
	Per subband SGCS

	e-type 2 config 3
	0.6661
	0.7358
	0.8631

	Pure ML Precoder Compression Model
	0.6380
	0.7027
	0.8121

	SRS sounding with 16 hops 
	0.3738
	0.4027
	0.4549

	SRS sounding with 4 hops
	0.6158
	0.6501
	0.7078

	Fusion of ML model with SRS sounding with 16 hops
	0.6624
	0.7193
	0.8119

	Fusion of ML model with SRS sounding with 4 hops
	0.7205
	0.7535
	0.8102



[bookmark: _Ref220488344]Table 3: Per RB/RBG SGCS comparison with noise impact.
	
	Per RB SGCS
	Per RBG SGCS 
	Per subband SGCS

	e-type 2 config 3
	0.6003
	0.7167
	0.8354

	Pure ML Precoder Compression Model
	0.6349
	0.6990
	0.8064

	SRS sounding with 16 hops 
	0.3403
	0.3912
	0.4510

	SRS sounding with 4 hops
	0.4557
	0.5799
	0.6809

	Fusion of ML model with SRS sounding with 16 hops
	0.6587
	0.7148
	0.8082

	Fusion of ML model with SRS sounding with 4 hops
	0.7015
	0.7343
	0.7958



As shown in Table 2 and Table 3, the per-RB and per-RBG SGCS, used as intermediate metrics, enable a granular evaluation of how effectively the fused estimate tracks the true channel eigenvectors across the frequency domain, capturing both fine-grained multipath components and the trade-off between rapid temporal variations and noise.




Sub-case D2: CSI reconstruction with CSI feedback with SRS based on NW-sided model
For this used case, NW-sided model is employed. The model input includes CSI obtained by SRS and the CSI reported by the UE. The reported CSI can be CSI obtained by a CSI codebook, e.g., compressed explicit channel matrix[7], eType 2 CSI codebook in NR [9] or CSI obtained by a linear projection [17][19]. An example framework is illustrated as follows [9]:
[image: 图示
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Table 4 Preliminary results on fused CSI and SRS with NW sided-model 
	Companies
	Simulation results and observation

	OPPO
	Table 2. [bookmark: _Ref219882651]SGCS comparisons
	SGCS
	Layer 1
	Layer 2
	Layer 3
	Layer 4

	Benchmark 1
	0.813
	0.689
	0.636
	0.592

	Benchmark 2
	0.792
	0.687
	0.645
	0.612

	Option 2
	0.894
	0.804
	0.705
	0.633




	ZTE
	Table-4 SGCS performance for different cases
	Cases\Layer
	1
	2
	3
	4

	Case 1: Pure SRS -measurements based CSI acquisition
	0.79 (5%)
	0.70 (7%)
	0.65 (0%)
	0.64 (-4.6%)

	Case 2: Traditional eType II Codebook based CSI acquisition
	0.73 (13%)
	0.55 (36%)
	0.33 (96%)
	0.26 (134%)

	Case 3: SRS -extrapolation based CSI acquisition
	0.57 (45%)
	0.46 (63%)
	0.46 (41%)
	0.41 (48%)

	Case 4 (proposed scheme): 
One-sided-model based CSI acquisition via CSI-RS and SRS
	0.83
	0.75
	0.65
	0.61


Observation 3: Regarding one-sided-model based CSI acquisition via CSI-RS and SRS, we have the following observation(s):
· For Layer 1, one-sided-model based CSI acquisition achieves SGCS performance gains of 5%, 13%, and 45%, compared to pure SRS measurements, traditional eType II Codebook, and SRS extrapolation, respectively. 
· For Layer 2, one-sided-model based CSI acquisition achieves SGCS performance gains of 7%, 36%, and 63%, compared to pure SRS measurements, traditional eType II Codebook, and SRS extrapolation, respectively.
· For Layer 3, one-sided-model based CSI acquisition achieves SGCS performance gains of 0%, 96%, and 41%, compared to pure SRS measurements, traditional eType II Codebook, and SRS extrapolation, respectively.
· For Layer 4, one-sided-model based CSI acquisition achieves SGCS performance gains of -4.6%, 134%, and 48%, compared to pure SRS measurements, traditional eType II Codebook, and SRS extrapolation, respectively.




In summary, based on the provided simulation result, performance gain can be observed for both use cases. We proposed to study both sub-use cases. Interested companies are encouraged to provide further simulation results.
FL proposals
FL proposal 6.3a: 
· Study and evaluate the following sub-cases for the AI based CSI reconstruction with CSI feedback with SRS:
· Sub-case D1: CSI reconstruction with compressed CSI feedback with SRS based on two-sided model
· Option 1: The model input is the compressed precoding channel matrix and SRS measurement 
· Option 2: The model input is the compressed raw channel matrix and SRS measurement
· Sub-case D2: CSI reconstruction with CSI feedback with SRS based on NW-sided model
· Option 1: The model input is the precoding matrix, e.g., 5G NR eType II CSI feedback, and SRS measurement
· Option 2: The model input is the projected/transformed channel matrix and SRS measurement

FL proposal6.3b: For the evaluation of AI-based joint DL and UL CSI acquisition, the following is considered:
· KPIs
· Intermediate KPI: SGCS
· Model complexity at UE side (for two-sided model)
· Model complexity at NW side (for both single-sided and two-sided model)
· Benchmark
· NR SSCC approach with 2-sided model
· NR eType II CSI CB
· SRS only based channel matrix


	Company
	Comment

	FL
	Please share your views on FL proposal 6.3a and 6.3b.

	OPPO
	Support to further study.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Cat.4: CSI framework for 6GR MIMO
Contributions proposal
	FUTUREWEI
	Proposal 1: For 6G MIMO/RS/CSI:
MIMO/RS/CSI evolution is still critical for 6G!
Adopt 5G NR MIMO/RS/CSI framework as a starting point for 6G MIMO/RS/CSI development
Study the following general areas for 6G MIMO/RS/CSI enhancements:
Support of upper midband (UMB)
Fast beam acquisition for FR2
General Performance (SE and UPT) enhancements.
Observation 1: AI/ML should be considered as part of the MIMO framework from day-1 since AI/ML-assisted operation may impact fundamental air-interface tradeoffs (e.g., overhead vs. performance and robustness).
Proposal 2: RAN1 to discuss high-level MIMO framework principles that enable integration of AI/ML-based functionality from day-1 of 6G, which also facilitates evaluation for AI/ML use cases.
· Multiple framework options may be considered in the 6G study, considering various flexibilities as reference viewpoints
Proposal 3: Identify a few AI/ML use cases to facilitate the study and assessment of AI/ML-ready MIMO framework design.


	InterDigital
	Proposal 1: Study the following aspects for decision as whether an AI/ML-based solution should be supported for CSI processing in 6GR.
· Model Life Cycle Management (LCM) Overhead
· Computational and Hardware Complexity, i.e., processing and memory requirement
· Energy efficiency, e.g., measuring power consumption vs. spectral gain
· Interoperability and Testing, e.g., the number of the tests, data sets, etc.
Proposal 2: Support identification of relevant use cases prior to discussing evaluation assumptions and metrics.
Proposal 3: Support use of state-of-the-art non-AI/ML based solutions, as the benchmark for evaluation of AI/ML use cases, rather than NR CSI-RS design which is inherited from LTE.

	Lenovo
	Proposal 1: Consider carrying all CSI reporting type by PUSCH.
Proposal 2: Carefully study the container for the CSI report, e.g., UCI vs MAC CE.
Proposal 3: Carefully study the use cases for periodic, semi-persistent and aperiodic CSI report for NW initiated CSI reporting.
Proposal 4: Take the 5G NR CSI report setting and CSI resource setting framework as the baseline for the CSI acquisition and report for 6GR MIMO.
Proposal 5: Study early CSI reporting feature for various use cases in the 6GR CSI acquisition and reporting procedure.
Proposal 6: Study UE initiated CSI report for CSI acquisition.
Proposal 7: Carefully study the CSI process capability for 6GR device.

	Pengcheng Lab.
	Proposal 1: Study a unified, parameterized and scalable CSI codebook framework for 6G joint DL/UL CSI acquisition. The framework should support seamless operation between reciprocity-based and feedback-based modes within a single codebook family.
Proposal 2: Study CSI-RS design mechanisms exploiting channel sparsity and dynamic adaptation, including:
· Sparse CSI-RS patterns in frequency/time/spatial domains.
· Dynamic adaptation of CSI-RS port number and density based on channel conditions and traffic needs.
· Mechanisms for reduced measurement burden, such as implicit CSI derivation from other DL signals (e.g., TRS, DMRS) or UL reciprocity information.

	Rakuten
	Proposal 1: Adopt a holistic and integrated architectural and operational framework for multi-TRP coordination and gNB full-duplex operation, focusing on efficient and scalable synchronization, calibration, and self-interference channel estimation procedures.
Proposal 4: Study reference signal design for gNB full-duplex self-interference acquisition, at least for separated transmit-receive antenna sets, including: dedicated RS designs for self-interference; dynamic RS for self-interference configuration mechanisms; AI/ML-assisted self-interference channel estimation techniques.


Observation and summary
Some companies provide views on the CSI or MIMO framework for 6GR design. Considering that related issue depends on the progress of other agenda items, and more discussions may be taken in 10.5.3.1. Thus, the related discussion under this agenda is pended.
FL proposal
TBD
Agreements
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