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Introduction
Under Rel-17 FeMIMO WI, several features were introduced as summarized in below:
· Enhancement on multi-beam operation (mainly targeting FR2 while also applicable to FR1)
· Enhancements for multi-TRP deployment (targeting both FR1 and FR2)
· [bookmark: _Toc90042393][bookmark: _Toc86838731]Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH
· [bookmark: _Toc90042394][bookmark: _Toc86838732]Enhancements on Multi-TRP inter-cell operation
· [bookmark: _Toc90042395][bookmark: _Toc86838733]Enhancements on beam management for multi-TRP
· [bookmark: _Toc90042396][bookmark: _Toc86838734]Enhancements on HST-SFN deployment
· Enhancement on SRS (targeting both FR1 and FR2)
· Enhancement on CSI measurement and reporting
In this contribution, the overall impact on performance requirements (demodulation and CSI) of Rel-17 FeMIMO WI was analysed and initial work plan also provided. 
Performance impact
Overview on performance impact
Enhancement on multi-beam operation 
The detailed objective for enhancement on multi-beam operation as following:
	0. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management for intra-cell and inter-cell scenarios to support higher UE speed and/or a larger number of configured TCI states:
0. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
0. Unified TCI framework for DL and UL beam indication
0. Enhancement on signalling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signalling (as opposed to RRC)
0. For inter-cell beam management, a UE can transmit to or receive from only a single cell (i.e. serving cell does not change when beam selection is done). This includes L1-only measurement/reporting (i.e. no L3 impact) and beam indication associated with cell(s) with any Physical Cell ID(s) 
0. The beam indication is based on Rel-17 unified TCI framework
0. The same beam measurement/reporting mechanism will be reused for inter-cell mTRP
0. This work shall only consider intra-DU and intra-frequency cases
0. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 


Beam management and unified TCI framework belong to RRM scope, corresponding RRM impact and RRM requirements are already discussed in RRM agenda. Features related to UL beam selection for UEs equipped with multiple panel are also out of receiver performance scope. Overall enhancements on multi-beam operation either related to RRM and/or RF, corresponding impact and requirements already discussed in RF and RRM agenda. No performance requirements impact (demodulation and CSI) foreseen. 
Proposal 1: No performance requirements (demodulation and CSI) impact for Rel-17 FeMIMO objective “Enhancement on multi-beam operation”.

Enhancements for multi-TRP deployment 
“Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH”
The detailed objective as following:
	Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline


In Rel-16, multi-TRP transmission schemes are focused on PDSCH transmission schemes. Under Rel-17, multi-TRP transmission schemes are further extended for PDCCH, PUCCH and PUSCH repetition transmission to improve the performance robust on DL control channel and uplink channel.
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Figure 1: Multi-TRP/Panel PDSCH transmission schemes in Rel-16 eMIMO WI
For PDCCH, Rel-17 PDCCH repetition multi-TRP transmission support TDM and FDM scheme. Similar as Rel-16 m-TRP PDSCH repetition transmission schemes, PDCCH requirements need to be introduced to verify UE supporting m-TRP repetition transmission schemes. 
Proposal 2: Introduce PDCCH requirements for multi-TRP repetition transmission schemes. 
For m-TRP PUSCH transmission, both Multi-TRP PUSCH repetition Type A and Type B are supported. And for m-TRP PUCCH transmission, PUCCH repetition scheme 1(inter-slot) and scheme 3 (intra-slot) are supported. Single TRP based on PUSCH an PUCCH repetition transmission schemes are already verified in Rel-16 URLLC WI with corresponding BS PUSCH and PUCCH demodulation requirements. Even the deployment and transmission scheme are different between single-TRP and multi-TRP uplink PUSCH/PUCCH repetition transmission, it’s still FFS whether any baseband receiver implementation and/or receiver performance difference between them in BS side.
Note: in current WID, no objective for BS performance requirement, if RAN4 agree BS performance requirements needed, then WID can be updated to include such objective. 
Proposal 3: FFS whether BS demodulation requirements impact for enhancements on Multi-TRP under Rel-17 FeMIMO WI.
“Enhancements on Multi-TRP inter-cell operation”
The detailed objective for “Enhancements on Multi-TRP inter-cell operation” as following:
	Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception based on Rel-15/16 TCI framework


In Rel-17, multi-TRP PDSCH transmission are further extended to multi-TRP inter cell operation with multi-PCIs. Similar as Rel-16, PDSCH requirements require to be introduced for such scenario with associated additional PCI in additional to serving cell PCI.
Proposal 4: Introduce PDSCH requirements for multi-TRP inter-cell operation.
“Enhancements on beam management for multi-TRP”
For the objective “Enhancements on beam management for multi-TRP”, it belongs to RRM scope which already discussed in RRM agenda, and no performance impact foreseen.
Proposal 5: No performance requirements impact for Rel-17 FeMIMO WI objective “Enhancements on beam management for multi-TRP”.
“Enhancement to support HST-SFN deployment scenario”
The detailed objective as following:
	i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework


Two SFN transmission schemes (SFN scheme A- UE based on solution, and SFN scheme B-TRP based pre-compensation) are introduced to improved performance under HST SFN scenarios with multi-TRP transmission. SFN scheme B is only applied for FR1. 
Proposal 6: Introduce PDSCH requirements for HST SFN scenario with SFN scheme A and scheme B.
Enhancement on SRS 
For SRS enhancement, the detailed objectives as following:
	a. Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
b. Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
c. Evaluate and, if needed, specify the following mechanism(s) to enhance SRS capacity and/or coverage: SRS time bundling, increased SRS repetition, partial sounding across frequency



Clearly the enhancement majorly for uplink SRS transmission, no DL reception performance impact foreseen.
Proposal 7: No performance requirements (demodulation and CSI) impact for Rel-17 FeMIMO objective “Enhancement on SRS”.
Enhancement on CSI reporting 
The detailed objective for CSI reporting enhancement as following:
	a. Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2
b. Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead


CSI reporting consists two parts, mTRP and FR1 FDD reciprocity. 
For m-TRP transmission, CSI reporting with different channel/interference hypotheses for NCJT transmission are introduced. 
Proposal 8: Introduce CSI requirements for CSI reporting enhancement for m-TRP NCJT transmission.
For FR1 FDD reciprocity, type II port selection codebook enhancement are specified to utilize partial channel information. 
Proposal 9: Introduce PMI requirements for enhanced Type II port selection codebook (FR1 only).
FR2 handling for m-TRP transmission 
From RAN1 feature design perspective, several features on M-TRP transmission are applicable for both FR1 and FR2 i.e. multi-cell m-TRP transmission, PDCCH m-TRP transmission schemes, HST-SFN scheme A, and CSI enhancement for m-TRP transmission.
The same question/situation as Rel-16, whether these will be specified for FR2 with simultaneous active TCI states (QCL type D) which also need to be aligned with RAN4 core (RF and RRM) assumption.
As analysed in companion contribution [X], we proposed to handle FR2 m-TRP transmission schemes related requirements in Rel-18 together with RF, RRM and test issues.
Proposal 10: Postpone the discussion on m-TRP transmission UE demodulation/CSI requirements in FR2 till RAN4 RF and RRM core have conclusion on supporting FR2 UE with the capability of simultaneous reception with different QCL Type-D RSs.
 
Test case design for PDSCH performance requirements
Multi-TRP inter-cell operation
For this test case, we proposed to reuse test set-up of existing multi-DCI based on TRP transmission test case as specified in 5.2.2.1.12 of TS 38.101-4. 
Proposal 11: Reusing test parameters of existing Rel-16 multi-DCI based on TRP transmission test case (Table 5.2.2.1.12-2) with different PCI for TP1 and TP2 i.e. 
· Time offset/frequency offset: -0.5us /200Hz for FR1 FDD 15kHz SCS; -0.25us/300Hz for FR1 TDD 30kHz SCS
· RB allocation: frequency non-overlapping
· MCS: 64QAM 1/2
· PCI ID: [0] for TP1, [3] for TP2
· SSB transmission: SSB 1 for TP1, SSB 2 for TP2
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Figure 2: Multi-DCI NCJT with multi-cell multi-TRP
HST-SFN scenario enhancement
In Rel-17, in order to enhance performance under HST SFN scenario with multi-TRP/RRH simultaneous transmission; same DMRS/PDSCH can be associated 2 TCI states with transmission from different RRHs.
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Figure 3: SFN transmission schemes introduced in Rel-15/16/17
In order to cope with high Doppler shift under HST scenario with simultaneous transmission from different RRHs, two schemes are introduced in RAN1:
· SFN scheme A- UE based on solution, two TCI states associated with variant E QCL assumption 
· Variant E: Both TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· UE will use TRP based TRSs to track delay and Doppler parameters per RRH separately. 
· SFN scheme B-TRP pre-compensation solution, two TCI states with variant A assumption
· Variant A: One of the TCI state can be associated with {average delay, delay spread} and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· Under this scheme, it’s assume Doppler shift already compensated in gNB side per TRP basis, the residual Doppler shift/spread should be same for two TRPs. 
· UE will use TRP based TRSs to track delay parameters in per RRH/TCI state manner. 
  
From UE implementation aspect, no advanced receiver required for both SFN scheme A and scheme B compared to Rel-15 transparent joint transmission scheme under HST-SFN scenario.
In additional to enhanced transmission schemes on PDSCH, the combination of schemes on PDCCH and PDSCH, both legacy SFN based on scheme and equivalent enhanced TRP based scheme (SFN scheme A and B) can be applied for PDCCH.
Proposal 12: Reusing existing Rel-16 HST-SFN test set-up as baseline to introduce enhanced SFN scheme A and SFN scheme B PDSCH test cases with below update:
· SFN scheme A (UE based solution): two TCI states with QCL A type information included
· PDCCH/PDSCH/PBCH SFN transmitted from two RRHs
· TCI state 1 and TCI state 2 applied for for TRP/RRH #2n, #2n+1 separately; TRS 1 and TRS 2 transmitted from TRP#2n, and #2n+1 separately
· HST SFN channel model specified in B.3.2 of TS 38.101-4 reused
· SFN scheme B (TRP based pre-compensation solution): two TCI states with one configured QCL type A information, and another one configured QCL Type B information’
· PDCCH/PDSCH/PBCH SFN transmitted from two RRHs
· TCI state 1 and TCI state 2 applied for for TRP/RRH #2n, #2n+1 separately; TRS 1 and TRS 2 transmitted from TRP#2n, and #2n+1 separately
· HST SFN channel model specified in B.3.2 of TS 38.101-4 reused without modelling Doppler shift 
Test case design for CSI reporting requirements
CSI reporting on M-TRP transmission
Rel-17 CSI reporting supports Multi-TRP transmission hypothesis with two options:
	For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, support following two options:
· Option 1: the UE can be configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis
· X = 0, 1, 2
· If X=2, two CSIs are associated with two different single-TRP measurement hypotheses with CMRs from different CMR groups
· Support of X=1,2 is UE optional for the UE supporting option 1
· FFS omission of CSI associated with NCJT measurement hypothesis
· Option 2: the UE can be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses
· FFS how to report recommended measurement hypothesis associated with that CSI report


For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, the UE can be configured with Ks ≥ 2 NZP CSI-RS resources in a CSI-RS resource set for CMR and N ≥ 1 NZP CSI-RS resource pairs whereas each pair is used for a NCJT measurement hypothesis. 
For simplicity of test case, a CQI test can be introduced based on Rel-17 single-DCI based M-TRP transmission PDSCH requirements. 
Proposal 13: Introduce CQI test case for single-DCI based M-TRP transmission 
· 2 TPs configured with fully overlapping Resource allocation
· One CSI-RS resource set with Ks = 2
· TP1 associated with NZP-CSI-RS resource 1
· TP2 associated with NZP CSI-RS resource 2
· CSI reporting: One CSI associated with multi-TRP measurement hypothesis and X=0 CSI associated with single-TRP measurement hypothesis
· CMR group 1 {CMR a} corresponding to NZP CSI-RS resource 1, K1=1
· CMR group 2 {CMR b} corresponding to NZP CSI-RS resource 2, K2=1
· CMR pair (N=1) : CMR {a,b} for M-TRP measurement hypothesis
· Fix layer combination and precoding during test cases i.e. 1+1 for 2Rx, 2+2 for 4Rx
· No time/frequency offset between two TPs
· Other test parameters reusing existing Rel-16 PDSCH requirements with single-DCI M-TRP SDM scheme 
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Figure 4: M-TRP CSI measurement
Enhanced port selection Type II codebook for FDD (FeType-II codebook)
For PS codebook enhancements utilization DL/UL reciprocity of angle and/or delay, support codebook structure W=W1W2 WfH where 
· W1 ∈ N^{P×K1} (K1≤P) is a port selection matrix in order to freely select K1 ports out of P CSI-RS ports or K1/2 ports out of P /2 CSI-RS ports 
· Wf is a DFT based compression matrix in which N3 = NCQISubband*R and Mv>=1
· Wf can be turned off by gNB. When turned off, Wf  is an all-one vector
·  is a linear combination coefficient matrix.
The values ,  and  are determined by the higher layer parameter paramCombination-r17, where the mapping is given in Table below.
	paramCombination-r17
	
	
	

	1
	1
	1
	1

	2
	1
	1 
	¾ 

	3
	1
	1 
	½ 

	4
	1
	¾
	½ 

	5
	2
	1 
	¾  

	6
	2
	1
	½ 

	7
	2
	¾
	½ 

	8
	2
	½ 
	½ 



For PS codebook, beam formed CSI-RS ports were transmitted to UE with specific beamforming carried by CSI-RS ports which similar as LTE class B PMI codebook.
In order to model NW beamforming on CSI-RS ports, two general methods can be applied:
1) Apply specific beamforming vector on each CSI-RS pair (polarization)
[image: ]

Figure 5：Specific beamforming vector on each CSI-RS port pair
2) Apply power scaling factor on each CSI-RS pair (polarization)
[image: ]
Figure 6：Power scaling factor on each CSI-RS port pair
Proposal 14: Introduce PMI test with enhanced PS Type II codebook, by modelling BF CSI-RS ports with below two alternatives:
· Alternative 1: Apply specific beamforming vector on each CSI-RS pair (polarization)
· Alternative 2: Apply power scaling factor on each CSI-RS pair (polarization)

Work plan for performance part
Based on current Rel-17 performance timeline, the initial work plan for performance requirements is provided in below table which subject to be further adjusted if needed pending on Rel-17 performance progress.
Table 1: Work plan for performance part of Rel-17 FeMIMO WI
	RAN4 #101bis: 
· Identify performance impact and endorse initial work scope for performance requirements
· Agree initial simulation assumption
RAN4#102
· Update work scope of performance requirements
· Update simulation assumption 

	March 2022 RAN#95

	RAN4#103
· Further discuss and resolve remaining open issues for test set-up 
· Provide alignment simulation results 

	June 2022 RAN#96

	RAN4#104
· Provide impairment results 
· Agree CRs to introduce performance requirements for Rel-17 FeMIMO WI

	Sep 2022 RAN#97



Conclusion
Overview on performance requirements
The overall performance impact for working objectives of Rel-17 FeMIMO are summarized in below table. 
Table 2: Overall performance impact pf Rel-17 FeMIMO WI
	Items
	BS demodulation
	UE demodulation 
	CSI 

	Enhancement on multi-beam operation 
	NO
	NO
	NO

	Enhancements on multi-TRP
	Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH 

	FFS (PUSCH, PUCCH M-TRP)
	M-TRP PDCCH repetition 
	NO

	
	Enhancements on Multi-TRP inter-cell operation
	NO
	Yes, M-TRP Inter-cell PDSCH 
	NO

	
	Enhancements on beam management for multi-TRP
	NO
	NO
	NO

	
	Enhancements on HST-SFN deployment
	NO
	Yes, PDSCH for SFN scheme A and scheme B
	NO

	Enhancement on SRS
	NO
	NO
	NO

	Enhancement on CSI reporting 
	M-TRP
	NO
	NO
	Yes, CSI for M-TRP

	
	FDD reciprocity 
	NO
	NO
	Yes, PMI for enhanced Type II port selection codebook



Proposal 1: No performance requirements (demodulation and CSI) impact for Rel-17 FeMIMO objective “Enhancement on multi-beam operation”.
Proposal 2: Introduce PDCCH requirements for multi-TRP repetition transmission schemes. 
Proposal 3: FFS whether BS demodulation requirements impact for enhancements on Multi-TRP under Rel-17 FeMIMO WI.
Proposal 4: Introduce PDSCH requirements for multi-TRP inter-cell operation.
Proposal 5: No performance requirements impact for Rel-17 FeMIMO WI objective “Enhancements on beam management for multi-TRP”.
Proposal 6: Introduce PDSCH requirements for HST SFN scenario with SFN scheme A and scheme B.
Proposal 7: No performance requirements (demodulation and CSI) impact for Rel-17 FeMIMO objective “Enhancement on SRS”.
Proposal 8: Introduce CSI requirements for CSI reporting enhancement for m-TRP NCJT transmission.
Proposal 9: Introduce PMI requirements for enhanced PS (port selection) Type II codebook (FR1 only).
Proposal 10: Postpone the discussion on m-TRP transmission UE demodulation/CSI requirements in FR2 till RAN4 RF and RRM core have conclusion on supporting FR2 UE with the capability of simultaneous reception with different QCL Type-D RSs.
Test case design for PDSCH requirements
Proposal 11: Reusing test parameters of existing Rel-16 multi-DCI based on TRP transmission test case (Table 5.2.2.1.12-2) with different PCI for TP1 and TP2 i.e. 
· Time offset/frequency offset: -0.5us /200Hz for FR1 FDD 15kHz SCS; -0.25us/300Hz for FR1 TDD 30kHz SCS
· RB allocation: frequency non-overlapping
· MCS: 64QAM 1/2
· PCI ID: [0] for TP1, [3] for TP2
· SSB transmission: SSB 1 for TP1, SSB 2 for TP2
Proposal 12: Reusing existing Rel-16 HST-SFN test set-up as baseline to introduce enhanced SFN scheme A and SFN scheme B PDSCH test cases with below update:
· SFN scheme A (UE based solution): two TCI states with QCL A type information included
· PDCCH/PDSCH/PBCH SFN transmitted from two RRHs
· TCI state 1 and TCI state 2 applied for for TRP/RRH #2n, #2n+1 separately; TRS 1 and TRS 2 transmitted from TRP#2n, and #2n+1 separately
· HST SFN channel model specified in B.3.2 of TS 38.101-4 reused
· SFN scheme B (TRP based pre-compensation solution): two TCI states with one configured QCL type A information, and another one configured QCL Type B information’
· PDCCH/PDSCH/PBCH SFN transmitted from two RRHs
· TCI state 1 and TCI state 2 applied for for TRP/RRH #2n, #2n+1 separately; TRS 1 and TRS 2 transmitted from TRP#2n, and #2n+1 separately
· HST SFN channel model specified in B.3.2 of TS 38.101-4 reused without modelling Doppler shift 
Test case design for CSI requirements 
Proposal 13: Introduce CQI test case for single-DCI based M-TRP transmission 
· 2 TPs configured with fully overlapping Resource allocation
· One CSI-RS resource set with Ks = 2
· TP1 associated with NZP-CSI-RS resource 1
· TP2 associated with NZP CSI-RS resource 2
· CSI reporting: One CSI associated with multi-TRP measurement hypothesis and X=0 CSI associated with single-TRP measurement hypothesis
· CMR group 1 {CMR a} corresponding to NZP CSI-RS resource 1, K1=1
· CMR group 2 {CMR b} corresponding to NZP CSI-RS resource 2, K2=1
· CMR pair (N=1) : CMR {a,b} for M-TRP measurement hypothesis
· Fix layer combination and precoding during test cases i.e. 1+1 for 2Rx, 2+2 for 4Rx
· No time/frequency offset between two TPs
· Other test parameters reusing existing Rel-16 PDSCH requirements with single-DCI M-TRP SDM scheme 
Proposal 14: Introduce PMI test with enhanced PS Type II codebook, by modelling BF CSI-RS ports with below two alternatives:
· Alternative 1: Apply specific beamforming vector on each CSI-RS pair (polarization)
· Alternative 2: Apply power scaling factor on each CSI-RS pair (polarization)
Work plan for Rel-17 FeMIMO Performance part
An initial work plan for Rel-17 FeMIMO performance part was provided in table of section 3. 
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