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1. Introduction 
In RAN#94e a new WI for NR MIMO evolution for UL and DL was approved. The revised WID [1] was approved in RAN#98e. In this contribution we present our views on the scope for UE demodulation ad CSI reporting requirements for R18 MIMO evolution. 

2. Discussion
The scope of enhancements for this WI are captured below:
	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:
0. Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
0. UE reporting of time-domain channel properties measured via CSI-RS for tracking
1. 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.
1. 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,
0. Striving for a common design between DL and UL DMRS
0. 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
1. 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:
0. Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
0. 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
0. Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
1. 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
0. 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.
1. 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)
0. UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
0. 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.
0. 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
0. 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.
1. Study, and if justified, specify the following 
0. Two TAs for UL multi-DCI for multi-TRP operation 
0. Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.




The objectives for R18 MIMO evo are summarized in the table below with potential UE demod impact.

	Feature
	UE Demod Impact

	Multi-TRP Enhancement

	Unified TCI Framework
	No UE demod impact

	Two TA for multi-DCI
	No UE demod impact 

	CSI Enhancement

	CSI enhancement for high/medium UE velocities
	UE demod/ CSI reporting requirements impact

	CSI enhancement for CJT
	

	TRS-based TDCP reporting
	

	Reference Signal Enhancement

	Increased number of orthogonal DMRS ports
	UE demod impact

	SRS enhancement
	No UE demod impact 

	Enhanced Uplink Enhancement

	UL precoding indication for multi-panel transmission
	No UE demod impact 


	SRI/TPMI enhancement
	No UE demod impact 



There is no UE demod impact for multi-TRP, SRS and enhanced UL enhancements.
There is potential UE demod impact for CSI and reference signal (DMRS) enhancements.
Observation #1:  No UE demod impact identified for Multi-TRP, SRS, and enhanced UL enhancements.
Observation #2:  Features with impact to UE demod and CSI reporting are CSI enhancements and DMRS enhancements.

CSI Enhancements
Under CSI enhancements RAN1 has introduced the following:
· CSI enhancement for high/medium UE velocities
· Enhanced Type II codebook for predicted PMI
· Further enhanced Type II port selection codebook for predicted PMI 
· CSI enhancement for CJT
· Enhanced Type II codebook for CJT
· Further enhanced Type II port selection codebook for CJT 
· TRS-based TDCP reporting
In Rel-18 new codebooks are introduced to support CSI enhancements for CJT and predicted PMI. The enhancements are to both eType II codebook and FeType II port selection codebook. We should further discuss requirements for enhanced codebooks for eType II. With port selection codebook, we have not defined requirements from Rel-15, since it is not a complete test to only test UE PMI reporting with port selection codebook. Hence, we propose not to define requirements in Rel-18 for enhanced FeType II codebooks. 
Proposal #1:  Further discuss CSI reporting requirements for CSI enhancements for eType II codebook only. 
Proposal #2:  Do not introduce CSI reporting requirements for CSI enhancements for FeType-II port selection (PS) codebook. 
For CSI enhancement we have codebook enhancements for CJT and medium/high velocities. We need to further discuss if RAN4 introduces requirements for both the enhancement or either one of them. RAN4 should further evalute the performance and find suitable configuration in terms of UE speed and channel conditions for introducing requirements with predicted PMI. 
Proposal #3:  For CSI enhancement for PMI prediction further evaluate performance for suitable configuration-channel model, UE speed to introduce requirements.
Proposal #4:  Further discuss if RAN4 introduces requirements for both CJT and predicted PMI.

TRS based TDCP reporting
For TRS based TDCP reporting, RAN1 has introduced TRS based correlation measurement reporting. There are many ways network could use the TDCP report from UE, for example switch the codebook type depending on channel conditions, change the CSI-RS or SRS resource configurations. It is up to the NW implementation on how this report from the UE is used. CSI reporting requirements are defined with a test metric based on the throughput observed when the UE reported CQI/PMI/RI is used for scheduling PDSCH transmission. We don’t have a way of doing that with TDCP reporting since there is no defined action at the gNB on how the report will be used. We don’t think it is feasible to define CSI reporting requirements for TDCP and propose not to introduce any CSI reporting requirements for TDCP measurement.
Observation #3:  It is not feasible to define requirements with TDCP measurement report since there is no defined action at the gNB on how the report will be used.
Observation #4:  NW could use the TDCP report to change codebook or CSI configuration, but these are not feasible to test with CSI reporting requirements.

Proposal #5:  Do not introduce CSI reporting requirements for TDCP measurement.

DMRS Enhancements
In Rel-18 MIMO evolution RAN1 has introduced enhanced DMRS with larger number of orthogonal ports, with FD-OCC length 4. Although the objective in the WID states the enhancement is for MU-MIMO, it could be used for SU-MIMO as well.  If we decide to introduce requirements with enhanced DMRS we need to first decide whether we should introduce requirements for MU-MIMO or SU-MIMO. RAN4 has defined requirements for MU-MIMO in Rel-17 with MMSE-IRC receiver and now in Rel-18 with advanced receiver. Evaluating performance and defining requirements for MU-MIMO might take longer than SU-MIMO, because of the number of parameters to be agreed up on and the complexity of aligning simulation results. Hence, we propose to further discuss if there is value in introducing requirements with enhanced DMRS for SU-MIMO.
Observation #5:  Enhanced DMRS is for SU-MIMO and MU-MIMO.
Observation #6:  Evaluating performance, simulation parameters and results alignment might take longer for MU-MIMO than SU-MIMO. 

Proposal #6:  Further discuss the usefulness of introducing requirements with enhanced DMRS for SU-MIMO.
In RAN4 we typically use DMRS type 1 with length 1 as that is mandatory UE capability for DMRS. Support for eDMRS is UE optional feature, the baseline feature would be eDMRS Type 1 with length 1. If we agree to define requirements for eDMRS, consider eDMRS Type 1 with length 1.
Proposal #7:  If requirements are introduced with enhanced DMRS, consider eDMRS Type 1 with length 1.



3. Conclusion
In this paper, we provide our views on open issues on on the scope for UE demodulation ad CSI reporting requirements for R18 MIMO evolution. Our observations and proposals are captured below:
Observation #1:  No UE demod impact identified for Multi-TRP, SRS, and enhanced UL enhancements.
Observation #2:  Features with impact to UE demod and CSI reporting are CSI enhancements and DMRS enhancements.

CSI Enhancements
Proposal #1:  Further discuss CSI reporting requirements for CSI enhancements for eType II codebook only. 
Proposal #2:  Do not introduce CSI reporting requirements for CSI enhancements for FeType-II port selection (PS) codebook. 
Proposal #3:  For CSI enhancement for PMI prediction further evaluate performance for suitable configuration-channel model, UE speed to introduce requirements.
Proposal #4:  Further discuss if RAN4 introduces requirements for both CJT and predicted PMI.

TRS based TDCP reporting
Observation #3:  It is not feasible to define requirements with TDCP measurement report since there is no defined action at the gNB on how the report will be used.
Observation #4:  NW could use the TDCP report to change codebook or CSI configuration, but these are not feasible to test with CSI reporting requirements.
Proposal #5:  Do not introduce CSI reporting requirements for TDCP measurement.

DMRS Enhancements
Observation #5:  Enhanced DMRS is for SU-MIMO and MU-MIMO.
Observation #6:  Evaluating performance, simulation parameters and results alignment might take longer for MU-MIMO than SU-MIMO. 
Proposal #6:  Further discuss the usefulness of introducing requirements with enhanced DMRS for SU-MIMO.
Proposal #7:  If requirements are introduced with enhanced DMRS, consider eDMRS Type 1 with length 1.
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