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1. Introduction
The latest work objectives for RAN4 leading Rel-16 performance requirements enhancement WI were updated in RAN#85 as below:
	UE demodulation and CSI reporting requirements:
· NR CA PDSCH normal demodulation and CA CQI reporting requirements for NR CA, EN-DC, NE-DC, NR-DC
· All NR CA normal demodulation and CA CQI reporting requirements are applicable to EN-DC, NE-DC, NR-DC with CA. For EN-DC and NE-DC, EUTRA performance will not be verified. For NR-DC, no specific requirements will be specified.
· Note: the work for CA CQI reporting requirements can be started from March 2020.
· NR FR1 CA PDSCH demodulation performance requirement with power imbalance
· Intra-band contiguous 2CC CA with 6dB power imbalance is assumed
· Requirements for the number of TX ports larger than 8 and up to 32
· Type of requirements: RAN4 should further decide if only PMI and/or CRI reporting needs to defined or both PMI and/or CRI reporting and PDSCH demodulation requirements are needed
· LTE-NR co-existence demodulation test cases for TDD mode
· Decide the applicable release for new UE requirements
BS demodulation requirements:
· To study the tests coverage of PUSCH requirements for 30% TP test point. Limited test cases will be introduced if the existing test coverage is insufficient. 
· Additional BS demodulation requirements
· For FR2 PUSCH 2T2R 16QAM, specify requirements for MCS lower than 16, considering the OTA testability limit, to replace the existing requirements for MCS 16. 


In this contribution, views for enhanced CSI requirements under Rel-16 performance enhancement WI were provided.
2. Discussion
During the discussion for Rel-15 NR performance requirements, it was agreed to focus on mandatory physical layer features on Rel-15 phase due to limited and tight time schedule. For PMI requirements, only 4Tx and 8Tx wideband PMI requirements with TypeI-Single Pannel codebook were introduced in Rel-15 following mandatory feature list agreed in RAN1 which up to 8Tx wideband PMI reporting.
One of the objectives in Rel-16 RAN4 leading performance requirements is introducing  Requirements for the number of TX ports larger than 8 and up to 32: “Type of requirements: RAN4 should further decide if only PMI and/or CRI reporting needs to defined or both PMI and/or CRI reporting and PDSCH demodulation requirements are needed”.
As summarized in below tables, after several release evolution for MIMO in LTE phase, LTE can support variable codebook types and up to 32 Tx ports for codebook feedback.  Corresponding PMI/CRI reporting requirements were specified in TS 36.101 to verify below enhancements developed for MIMO related WIs with well design test coverage.


LTE Rel-10 MIMO
CSI-RS based CSI              8Tx dual codebook 
LTE Rel-11 CoMP
TM10 (QCL B)                    CSI process with IMR
LTE Rel-12 eMIMO
4Tx Dual codebook
LTE Rel-13 FD-MIMO
2D panel, BF CSI-RS     Class A up to 16 Tx            Class B with CRI reporting Class B with K=1 



LTE Rel-14 eFD-MIMO
Class A up to 32 Tx ports               Advanced codebook Hybrid CSI mechanism 1,2 






Observation 1: LTE already specify CSI requirements which covering variable codebook types (Class A, Class B K>1/CSI, Class B K=1, Advanced CSI, Hybrid CSI mechanism 1 and 2) with up to overall 64 ports for multiple CSI-RS resources and up to 32 ports for single CSI-RS resource.
Observation 2: Rel-15 NR CSI requirements only focused on up to 8Tx Type I Single Panel codebook, lack of test coverage in terms of:
· Report granularity: wideband only 
· Codebook type: Type I single panel only 
· Number of Tx ports: 4Tx, 8Tx only
Observation 3: Rel-15 NR CSI requirements not provide comparable test coverage compared to LTE CSI requirements.
NR_MIMO was designed to further improve performance and enable deployment in high frequency i.e. above 3GHz in FR1 and mmWave bands in FR2 with multi beam management. CSI framework in NR can be considered as an enhancement based on the design for Rel-14 eFD-MIMO CSI to facilitate hybrid beam. 4 types of codebook structure were introduced for different applicable scenarios (SU-MIMO/MU-MIMO, single panel/multi-panels):
· Type I–Single panel codebook: similar as LTE eFD-MIMO Class A codebook (single Beam and co-phasing selection)
· Type I–Multi panel codebook: further extended with inter-panel co-phasing selection for multi panels Ng = (2 or 4)
· Type II codebook: similar as LTE eFD-MIMO Advanced codebook with multi-beam linear combinations
· Type II Port Selection Codebook
Different codebook structures correspond to different deployment scenario and beamforing scheduled schemes.Up to 32 Tx ports, 4 panels    Type I-Single panel codebook        Type I-Multi panel codebook   Type II codebook                       Type II Port Selection    
Rel-15 NR Codebook





In order to provide comparable and advantaged performance compared to LTE, CSI requirements with up to 32 ports and different codebook types need to be introduced in Rel-16.
Type I–Single panel codebook
For Type I–Single panel codebook, both 16Tx and 32 Tx requirements can be introduced with (N1,N2) = (4,2) and (N1,N2). Considering test coverage issue, similar as LTE, below combinations can be considered:
Proposal1: Introducing both 16Tx and 32Tx Type I–Single panel codebook PMI test cases.
· 16Tx, (N1,N2) = (4,2) Wideband PMI
· 32Tx, (N1,N2) = (4,4) Sub-band PMI
Type I–Mutil panel codebook
Further extended with inter-panel co-phasing selection for multi panels Ng = (2 or 4) were introduced in Rel-15 as below codebook configurations:
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Proposal 2: Introducing Type I–Mutil panel codebook PMI test cases, below codebook construction can be considered as a starting point:
· 16Tx, (Ng, N1,N2) = (2,2,2), mode 1 with wideband co-phasing across multi panels
Type II codebook
For PMI test cases with Type II codebook, similar approach as LTE eFD-MIMO advanced codebook can be used.
Proposal 3: Introduce PMI test cases for Type II codebook
· LTE test case design for advanced codebook with multi-beam  steering approach as specified in B.2.3B.4A	can be used as starting point 
Type II Port Selection Codebook
Type II Port Selection Codebook was designed for BF CSI-RS which is similar as Class B codebook specified in Rel-13 FDMIMO.

Proposal 4: Introduce PMI test cases for Type II Port Selection Codebook, Rel13 Class B K=1 PMI test cases can be used as a starting point.
3. Conclusion
In this contribution, views for enhanced CSI requirements under Rel-16 performance enhancement WI were provided.
Observation 1: LTE already specify CSI requirements which covering variable codebook types (Class A, Class B K>1/CRI, Class B K=1, Advanced CSI, Hybrid CSI mechanism 1 and 2) with up to overall 64 ports for multiple CSI-RS resources and up to 32 ports for single CSI-RS resource.
Observation 2: Rel-15 NR CSI requirements only focused up to 8Tx Type I Single Panel codebook, lack of test coverage in terms of:
· Report granularity: wideband only 
· Codebook type: Type I single panel only 
· Number of Tx ports: 4Tx, 8Tx only
Observation 3: Rel-15 NR CSI requirements not provide comparable test coverage compared to LTE CSI requirements.
Proposal1: Introducing both 16Tx and 32Tx Type I–Single panel codebook PMI test cases.
· 16Tx, (N1,N2) = (4,2) Wideband PMI
· 32Tx, (N1,N2) = (4,4) Sub-band PMI
Proposal 2: Introducing Type I–Mutil panel codebook PMI test cases, below codebook construction can be considered as a starting point:
· 16Tx, (Ng, N1,N2) = (2,2,2), mode 1 with wideband co-phasing across multi panels
Proposal 3: Introduce PMI test cases for Type II codebook
· LTE test case design for advanced codebook with multi-beam  steering approach as specified in B.2.3B.4A	can be used as starting point 
Proposal 4: Introduce PMI test cases for Type II Port Selection Codebook, test case design for Rel13 Class B K=1 PMI test cases can be used as a starting point.
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