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1		Introduction
Several new features introduced in Rel-18 MIMO evolution WI [1] which can be categorized as following:
· Objective 1: CSI enhancement for high/medium UE velocities
· Objective 2: Unified TCI enhancement on multi-TRP use case
· Objective 3: DMRS enhancement for downlink and uplink MU-MIMO
· Objective 4: CSI enhancement for Coherent-JT
· Objective 5: Uplink 8Tx transmision
· Objective 6: FR2 STxMP for non-handheld UE
· Objective 7: Uplink enhancement for Multi-TRP operation
As stated in the WID, RAN4 needs to specify necessary performance requirements to verify basic features introduced by RAN1. RAN4 work plan including RF, RRM and performance part was endorsed in [2] which also provided in annex for reference. 
In this contribution, overal RAN4 performance scope was analyzed with detailed proposals.  
2		Discussion
2.1	Objective 1: CSI enhancement for high/medium UE velocities
The detailed objective 1 as following:
	1. Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking


Since significant performance loss for a UE at high/medium speed has been observed in commercial deployments, one cause of this loss is outdated CSI. In this objective, two CSI reporting enhancements are discussed for high/medium UE velocities scenarios for FR1:
The first one is ‘Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis’ for the channel prediction at the UE side. A UE predicts the channel at one or more future time slots from past CSI-RS measurements and reports one or more predicted PMIs in the same report. CQI reporting based on multiple reported PMIs. 
The other one is ‘UE reporting of time-domain channel properties measured via CSI-RS for tracking’ which is on target to aid the channel prediction from gNB side. This TRS-based TDCP (time domain channel properties) reporting could be used for aiding gNB determination of codebook switching and SRS periodicity. 
For sub-objective 1-1, new CSI requirements required to verify UE CSI reporting performance with new codebook design under medium/high UE velocities. 
For sub-objective 1-2, TDCP related requirements already discussed under RRM session. RAN4 RRM agreements in RAN4#108 meeting:
	Issue 1-1-2: Whether to define TDCP measurement accuracy requirements? (RAN4#108)
Agreement:
· Further identify feasibility of methodology and test setup to define TDCP accuracy requirements including at least ideal TDCP definition, channel models
· Define TDCP accuracy requirements subject to conclusions of feasibility analysis


There is no need to define TDCP requirement in both Demod/CSI part and RRM part. We can postpone the discussion in demodulation session till RRM session have conclusion. 
Proposal 1: For objective 1 “CSI enhancement for high/medium UE velocities”:
· Specify CSI requirements for enhanced codebook ‘typeII-Doppler-r18’ (FR1 only)
· Postpone the discussion on TDCP pending on RRM session conclusion 
2.2	Objective 2: Unified TCI enhancement on multi-TRP use case
	2. Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework.


This objective targeting to the extension for indication of multiple DL/UL TCI states focusing on multi-TRP scenarios. Clearly TCI related enhancement related to RRM scope which already discussed over RRM session. There is no performance impact foreseen from both BS side and UE side.
Proposal 2: There is no performance impact (UE demodulation/CSI and BS demodulation) for objective 2: “Unified TCI enhancement”.
2.3	Objective 3: DMRS enhancement for downlink and uplink MU-MIMO
	3. Study, and if justified, specify larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DM-RS overhead), only for CP-OFDM,
-	Striving for a common design between DL and UL DMRS
-	Up to 24 orthogonal DM-RS ports, where for each applicable DMRS type, the maximum number of orthogonal ports is doubled for both single- and double-symbol DMRS


This objective will introduce larger number of orthogonal DMRS ports for both downlink and uplink MU-MIMO. 
The maximum number of enhanced DMRS ports in Rel-18 is doubled from Rel-15 as the agreement in RAN1#109e meeting as below.
	Agreement from RAN1#109e
· The maximum number of enhanced DMRS ports in Rel.18 is doubled from Rel.15 DMRS ports:
· For DMRS type 1, the max. number of enhanced DMRS ports in Rel.18 for PDSCH/PUSCH is
· Single symbol DMRS: 8 DMRS ports.
· Double symbol DMRS: 16 DMRS ports.
· For DMRS type 2, the max. number of enhanced DMRS ports in Rel.18 for PDSCH/PUSCH is
· Single symbol DMRS: 12 DMRS ports.
· Double symbol DMRS: 24 DMRS ports.


For current DL MU-MIMO demodulation requirements, the number of DMRS ports is not the bottleneck. Therefore, we think no need to introduce new DL demodulation requirements for enhanced DMRS ports and DMRS enhancement introduced for MU-MIMO transmission. It’s FFS whether need to verify new DMRS pattern under demodulation requirements.  
Proposal 3: FFS whether new PDSCH/PUSCH demodulation needed or not for objective 3 “DMRS enhancement”.
2.4	Objective 4 CSI enhancement for CJT mTRP tranmission
	4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32


As coherent joint transmission (CJT) improves coverage and average throughput in commercial deployments with high-performance backhaul and synchronization, enhancement on CSI acquisition for FDD and TDD, targeting FR1, can be beneficial in expanding the utility of multi-TRP deployments. In this objective, one CSI reporting enhancement is discussed for CJT for FR1 FDD as ‘Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off’.
Proposal 4: For objective 4 “CSI enhancement for CJT mTRP transmission”
· Specify CSI requirement for Coherent-JT mTRP transmission with enhanced codebook ‘typeII-CJT-r18’ (FR1 FDD only)
2.5 Objective 5 Uplink 8Tx transmission 
	5. Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.


For CPE/FWA/vehicle/Industrial devices, introducing necessary enhancements to support for 8 antenna ports as well as 4 and more layers for UL transmission can offer the needed improvement for UL coverage and average throughput. 
For 8Tx uplink transmission, RF session concluded to postpone to future release from RAN4 RF core requirements perspective in RAN4#106 meeting [WF R4-2303495].
	<Agreement>: 8Tx
· Postpone 8Tx related discussion to later release in RAN4.


To be consistent with the conclusion from RF session, performance requirements also need to be postponed to future release. 
Proposal 5: For objective 5: Uplink 8Tx transmission, postpone the discussion on performance requirement introduction to future release. 
2.6 Objective 6 FR2 STxMP for non-handheld UE
	6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.


And with the introduction of features for UL panel selection in Rel-17, CPE/FWA/vehicle/Industrial devices can benefit from higher UL coverage and average throughput with simultaneous UL multi-panel transmission. Uplink multi-panel transmission was introduced based per TRP per uplink panel basis.  Whether jointing processing across TRPs required or not need more discussion in RAN4, it’s FFS whether PUSCH requirement required or not pending on receiver processing assumption.
Proposal 6: It’s FFS whether BS demodulation requirements (FR2 only) required or not for objective 6 “FR2 STxMP for non-handheld UE”.
2.7 Objective 7 Uplink enhancement for Multi-TRP operation
	7. Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.


Two TA enhancement for uplink multi-DCI based multi-TRP operation are applicable to at least: TDM based multi-DCI uplink transmission; Simultaneous multi-DCI uplink transmission (if simultaneous uplink multi-DCI uplink transmission is supported).
Power control and TA related RF and or RRM discussion which already discussed over RRM session and these two sub-objectives out of demodulation scope. 
Proposals 7: There is no performance impact (UE demodulation/CSI and BS demodulation) for objective 7: “Uplink enhancement for Multi-TRP operation”.
3		Conclusion
This contribution provides overall RAN4 work scope for Rel-18 MIMO evolution WI performance part. 
Proposal 1: For objective 1 “CSI enhancement for high/medium UE velocities”:
· Specify CSI requirements for enhanced codebook ‘typeII-Doppler-r18’ (FR1 only)
· Postpone the discussion on TDCP pending on RRM session conclusion 
Proposal 2: There is no performance impact (UE demodulation/CSI and BS demodulation) for objective 2: “Unified TCI enhancement”.
Proposal 3: FFS whether new PDSCH/PUSCH demodulation needed or not for objective 3 “DMRS enhancement”.
Proposal 4: For objective 4 “CSI enhancement for CJT mTRP transmission”
· Specify CSI requirement for Coherent-JT mTRP transmission with enhanced codebook ‘typeII-CJT-r18’ (FR1 FDD only)
Proposal 5: For objective 5: Uplink 8Tx transmission, postpone the discussion on performance requirement introduction to future release. 
Proposal 6: It’s FFS whether BS demodulation requirements (FR2 only) required or not for objective 6 “FR2 STxMP for non-handheld UE”.
Proposals 7: There is no performance impact (UE demodulation/CSI and BS demodulation) for objective 7: “Uplink enhancement for Multi-TRP operation”.
Table 1: Overview on performance scope of Rel-18 MIMO evolution WI
	Objectives
	UE demodulation and CSI
	BS demodulation 

	Objective 1:CSI enhancement for high/medium UE velocities
	CSI for high/medium UE velocities with new codebook (FR1 only)
FFS TDCP pending on RRM session conclusion 
	No impact

	Objective 2: Unified TCI enhancement on multi-TRP use case
	No impact
	No impact

	Objective 3: DMRS enhancement for downlink and uplink MU-MIMO
	FFS on PDSCH requirements (FR1 only)
	FFS on PUSCH requirement (FR1 only)

	Objective 4: CSI enhancement for Coherent-JT
	CSI for CJT with new codebook (FR1 FDD only)
	No impact

	Objective 5: Uplink 8Tx transmision
	No impact
	Not consider in Rel-18

	Objective 6: FR2 STxMP for non-handheld UE
	No impact
	FFS on PUSCH requirements

	Objective 7: Uplink enhancement for Multi-TRP operation
	No impact
	No impact 
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Annex
Based on the assigned TU, general RAN4 work plan for Rel-18 MIMO evolution WI is proposed:
	Meeting
	Target Plan

	RAN4#106 (Feb, ’23)
	· Agree overall work plan for core and performance part
· Discuss and identify potential impact on UE RF requirements 
· Discuss and identify potential impact on RRM core requirements 
· Rely LS to RAN1 if any conclusion reached (for R1-2205639 and R1-2205593)

	RAN4#106-Bis (Apr, ’23)
	UE RF
	· Initiate discussion on UE RF requirements of identified impact
· Continue to check other impact on UE RF requirement

	
	RRM Core
	· Discuss and identify which RRM requirements need to be developed to support MIMO evolution

	RAN4#107 (May, ’23)
	UE RF
	· Continue to discuss UE RF requirements of identified impact

	
	RRM Core
	· Further discussions on UE RRM requirements impact for MIMO evolution features
· Discuss the possible signalling impact (e.g. UE capabilities, network flag)

	RAN4#108 (Aug, ’23)
	UE RF
	· Continue to discuss and define UE RF requirements of identified impact

	
	RRM Core
	· Continue to discuss and decide the solution for the RRM enhancement
· Provide draft CR on TS38.133 for the RRM enhancement

	RAN4#108-Bis (Oct, ’23)
	UE RF
	· Continue to discuss and define UE RF requirements of identified impact
· Review draft CRs for endorsement if any

	
	RRM Core
	· Provide draft CR on TS38.133 for RRM core part, endorsed if possible.
· Discuss and decide test case lists and related parameters

	
	RRM Perf
	· Initial discussion on RRM performance part requirements impact

	
	Demod
	· Initial discussion on demod/CSI requirements, discuss and identify which demod/CSI requirements need to be extended

	RAN4#109 (Nov, ’23)
	UE RF
	· Agree RAN4 CR to finalize the RF core requirements

	
	RRM Core
	· Agree RAN4 CR to finalize the RRM core requirements

	
	RRM Perf
	· Further discussion on RRM performance part for MIMO evolution, provide draft CR on TS38.133 if any

	
	Demod
	· Further discussion on demod/CSI requirements, define scenario parameters in order to align simulation cases

	RAN4#110 (Feb, ’24)
	RRM perf 
	· Further discussion on RRM performance part for MIMO evolution, provide draft CR on TS38.133 if any

	
	Demod
	· Further discussion on demod/CSI requirements, provide initial simulation results to align results from companies, provide draft CR if any

	RAN4#110-bis (Apr, ’24)
	RRM perf
	· Provide draft CR on TS38.133 for RRM performance part, endorsed if possible.

	
	Demod
	· Provide simulation results and continue to discuss demod/CSI requirements, provide draft CR, endorsed if possible.

	RAN4#111 (May, ’24)
	RRM perf
	· Further work on the draft CRs and Agree RAN4 CR to finalize the RRM performance part

	
	Demod
	· Further work on the draft CRs and Agree RAN4 CR to finalize the demod/CSI part



