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Introduction
A dedicated specification was assigned for NR UE performance requirements as 38.101-4. The target competition time for Rel-15 NR performance part is RAN#82 in Dec 2018. In this contribution, preliminary views for UE CSI requirements were provided.
Discussion
Overall Test scope
CSI framework
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 operation of. Modular CSI framework was introduced in a future proof manner which consists of CSI-RS resources settings, CSI reporting settings and links configurations between them for measurement list.
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CSI reporting content
In NR, CSI consists of Channel Quality Indicator (CQI), precoding matrix indicator (PMI), CSI-RS resource indicator (CRI), layer indication (LI), rank indication (RI) and/or L1-RSRP. 
CSI reporting/CSI-RS resource setting
For CSI reporting setting/CSI-RS resource setting, ‘aperiodic’, and ‘periodic’ and ‘semi-persistent’ types are supported for NR. 
For CSI-RS resource setting, both CSI-IM resources and NZP CSI-RS resources can be configured for interference measurement.
NR UE feature list related to CSI
It’s unrealistic to verify all the features, functionality and different configurations specified in CSI framework considering work load and tight timeline for Rel-15 NR performance requirements. Also considering diverse capability values for different feature groups, it’s impractical to introduce test cases covering all UE capabilities.
P1: Introducing CSI performance requirements focused on the mandatory and fundamental features of NR CSI framework under Rel-15 timeframe.
Following agreed NR feature list in RAN1 (LS R1-1805728), below basic CSI feedback was mandatory without UE capability.
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P2-1: CSI report types: Rel-15 focused on periodic CSI report and aperiodic CSI report. 
For CSI resources, below capability agreed:
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P2-2: CSI-RS resources setting: Rel-15 focused on 1 NZP CSI-RS resource and 1 CSI-IM resource configuration for CSI report. CSI-IM used for interference measurement.
For number of configured CSI report, below capability signalling agreed:
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P2-3: Number of CSI report and BWP: Rel-15 focused on single BWP/CC with 1 CSI reporting configured.
L1-RSRP
L1-RSPR was introduced in NR CSI framework for beam management. Unlike RSRP reporting in RRM, the reporting mechanism and trigger mechanism are different between RRM measurement and CSI measurement. L1-RSRP should be included in the scope of CSI performance requirements.
L1-RSRP reporting is essential feature al to facilitate beam management (Tx/Rx beam switching) for data and control channel transmission during RRC connected state. Follow agreed UE feature list, periodic and aperiodic L1-RSRP report is mandatory at least for FR2.
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Proposal 3: L1-RSRP belong to NR CSI framework, new requirements need to be introduced under CSI performance requirements agenda in Rel-15. 
CQI Test
Generally, CQI test cases can be categorized as below test cases:
· Static CQI definition test: verify UE properly implementation of effective SNR calculation and SNR to CQI table mapping followed CQI definition
· Wideband CQI test: verify UE properly tracking channel/interference variation in time domain to avoid excessive averaging across sub-frames
· Sub-band CQI test: verify UE properly tracking channel/interference variation in frequency domain to avoid excessive averaging across frequency domain 
Proposal 4: For CQI test, both static CQI definition test, wideband fading CQI test and sub-band frequency selective test need to be introduced.
For static CQI test, three types of CQI tables introduced in TS 38.214: 
· Table 1 (without 256QAM), table 2 with 256QAM for target BLER 10%
· Table 3 with configurable target BLER
In general, existing test metric can be reused for static CQI test at least in FR1. For FR2, FFS pending on further conclusion for achievable SNR accuracy and SNR range of TE implementation under ‘pure baseband’ test methodology.
Proposal 5: For static CQI test, test metrics (CQI distribution and BLER requirements) as existing LTE test can be reused as starting point at least for FR1 and for FR2, FFS pending on achievable SNR accuracy and SNR range of TE implementation under ‘pure baseband’ test methodology.
	Parameter
	Unit
	Static CQI test (FR1)
	Static CQI test (FR2)

	System parameter

	Bandwidth/SCS
	MHz/kHz
	20MHz/30KHz
	100MHz/60kHz

	Transmission Scheme
	
	1
	1

	Duplex Mode
	
	FDD &TDD
	TDD

	DLUL configuration
	
	FFS
	FFS

	Propagation channel
	
	AWGN
	AWGN

	Correlation and antenna configuration
	
	
2Rx 2*2 with  
4Rx: 2*4 with


	
2Rx 2*2 with  

	CSI-RS resource setting (periodic)

	resourceConfigType
	
	FFS
	FFS

	CSI-RS/CSI-IM periodicity and slot offset 
	
	FFS
	FFS

	NZP CSI-RS ports
	
	2
port {3000,3001}
	2
port {3000,3001}

	NZP CSI-RS configuration
CDM type/CSIRS resource mapping/CSI-RS-Density
	
	FD-CDM2/density 1
	FD-CDM2/density 1

	CSI-IM configuration
	
	FFS
	FFS

	CSI report setting (periodic)

	reportConfigType
	
	periodic
	periodic

	Reporting periodicity and   slot offset
	
	FFS
	FFS

	Codebook Restriction
	
	010000
	010000

	Reporting granularity  
	
	Single CQI reporting
	Single CQI reporting

	Physical channel for reporting
	
	PUSCH
	PUSCH

	PUCCH reporting format
	
	FFS
	FFS

	CQI table 
	
	Table 2 with 256QAM
	Table 1 without 256QAM



PMI Test
For PMI reporting, 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. Proposal 6: New PMI test cases required to verify PMI reporting accuracy with different codebook configurations (Type I–Single panel codebook, Type I–Multi panel codebook, Type II codebook and Type II Port Selection Codebook).
For Type I–Single panel codebook, test metric and beamforming mode for LTE Rel13 FDMIMO Class A PMI test cases can be reused as a starting point. 
In order to construct Type I–Single panel codebook, below RRC parameters need to be configured: 
· Number of ports in vertical/horizontal directions: (N1,N2)
· Oversampling rate: (O1,O2)
· CodebookMode: 1/2
Proposal 7: Introduce below PMI test cases for Type I–Single panel codebook
· Single PMI test case: 8 ports, aperiodic CSI report, (N1,N2) = (2,2) and (O1,O2) = (4,4), CodebookMode 1/2 (Rank1)
· Multiple PMI test case: 4 ports, aperiodic CSI report, (N1,N2) = (2,1) and (O1,O2) = (4,1), CodebookMode 1 (Rank2)
A detailed test set-up proposed in table below for Type-Single panel codebook test
	Parameter
	Unit
	Single PMI Test
	Multiple PMI test

	System parameter

	Bandwidth/SCS
	MHz/kHz
	20MHz/30kHz (FR1)
	20MHz/30kHz (FR1)

	Transmission Scheme
	
	1
	1

	Duplex Mode
	
	FDD &TDD
	FDD &TDD

	DLUL configuration (TDD)
	
	FFS
	FFS

	Propagation channel
	
	TDL A (30 ns), 5Hz
	TDL B (100ns), 5Hz

	Correlation and antenna configuration
	
	(N1,N2) = (2,2)
8*2 XP High
8*4 XP High
	(N1, N2) = (2,1)
4*2 XP High
4*4 XP High

	CSI-RS resource setting (periodic)

	ResourceConfigType
	
	periodic
	periodic

	CSI-RS/CSI-IM periodicity and slot offset 
	
	FFS
	FFS

	NZP CSI-RS ports
	
	8
port {3000,….,3007}
	4
port {3000,…,3003}

	NZP CSI-RS configuration
CDM type/CSIRS resource mapping/CSI-RS-Density
	
	CDM4,density 1 (row 9)
	FD-CDM2 density 1 (row 4)

	CSI-IM configuration
	
	FFS
	FFS

	CSI report setting (aperiodic)

	reportConfigType
	
	aperiodic
	aperiodic

	(N1,N2)
	
	(2,2)
	(2,1)

	(O1,O2)
	
	(4,4)
	(4,1)

	CodebookMode
	
	1/2
	1

	Reporting interval
	
	FFS
	FFS

	Codebook Restriction
	
	FFS
	FFS

	Reporting granularity  
	
	Single PMI reporting
	Mutiple PMI reporting

	Physical channel for reporting
	
	PUSCH
	PUSCH

	Rank &MSCS
	
	Rank1
	Rank2



Conclusion
In this contribution, preliminary views for UE CSI requirements were provided.
Test scope
P1: Introducing CSI performance requirements focused on the mandatory and fundamental features of NR CSI framework under Rel-15 timeframe.
P2: In Rel-15, NR CSI test cases focused on below configurations:
· CSI report types: periodic CSI report and aperiodic CSI report.
· CSI-RS resources setting: 1 NZP CSI-RS resource and 1 CSI-IM resource configuration for CSI report. CSI-IM used for interference measurement.
· Number of CSI report and BWP: single BWP/CC with 1 CSI reporting configured.
P3: L1-RSRP belong to NR CSI framework, new requirements need to be introduced under CSI performance requirements agenda in Rel-15. 
CQI Test
Proposal 4: For CQI test, both static CQI definition test, wideband fading CQI test and sub-band frequency selective test need to be introduced.
Proposal 5: For static CQI test, test metrics (CQI distribution and BLER requirements) as existing LTE test can be reused as starting point at least for FR1 and for FR2, FFS pending on achievable SNR accuracy and SNR range of TE implementation under ‘pure baseband’ test methodology.
PMI Test
Proposal 6: New PMI test cases required to verify PMI reporting accuracy with different codebook configurations (Type I–Single panel codebook, Type I–Multi panel codebook, Type II codebook and Type II Port Selection Codebook).
Proposal 7: Introduce PMI test cases for Type I–Single panel codebook
· Single PMI test case: 8 ports, aperiodic CSI report, (N1,N2) = (2,2) and (O1,O2) = (4,4), CodebookMode 1/2
· Multiple PMI test case: 4 ports, aperiodic CSI report, (N1,N2) = (2,1) and (O1,O2) = (4,1), CodebookMode 1
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image2.emf
2 - 32  Basic CSI feedback  1. Type I single panel codebook  based PMI (further discuss which  mode or both to be supported as  mandatory)    2. 2Tx codebook for FR1 and FR2    3. 4Tx codebook for FR1   4. 8Tx codebook for  FR1 when  configured as wideband CSI report   5. p - CSI on PUCCH formats over 1  –   2 OFDM symbols once per slot  (or  piggybacked on a PUSCH)   6. p - CSI report on PUCCH formats  over 4  –   14 OFDM symbols once per  slot  (or piggybacked on a PUSCH)   7. a - CSI on PUSCH (at   least Z value  >= 14 symbols, detail processing  time to be discussed separately)    further check a - CSI on p - CSI - RS  and/or SP - CSI - RS from  component - 7   Yes   N.A.  N.A.  N.A.     Mandatory  without UE  capability  Mandatory  without  capability  signaling  

2 - 32a  Semi - persistent CSI  report on PUCCH  1. Support report on PUCCH formats  over 1  –   2 OFDM symbols once per  slot(or piggybacked on a PUSCH)   s   2. Support report on PUCCH formats  over 4  –   14 OFDM symbols once per  slot (or piggybacked on a PUSCH)   Yes  SP - CSI on P UCCH is  not supported  Type 4  No  No    RAN1  Optional  Optional  with  capability  signaling  

2 - 32b  Semi - persistent CSI  report on PUSCH  1. Support report on PUSCH    Yes  SP - CSI on PUSCH is  not supported  Type 4  No  No    RAN1  Optional  Optional  with  capability  signaling  
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2 - 33  CSI - RS and CSI - IM  reception for CSI  feedback    1. Supported max # of configured  NZP - CSI - RS resources per CC,    2. Supported max # of ports across  all configured NZP - CSI - RS  resources per CC   3. Supported max # of configured  CSI - IM resources  per CC    2 - 32  Yes  CSI acquisition is not  supported  Type 3  N.A.  N.A.   Note: all the  candidate  values are the  range of  capability  signaling which  doesn’t  determine  whether UE is  mandatory to  support all the  signaling  values.      Component - 1  candidate  values:  {from 1  to 32}       Component - 2  candidate  values: , further  down - select  between: Alt.1:  {from 4 to 64},  Alt.2: {from 4 to  256}, Alt.3: {from  4 to 256}       Component - 3:  candidate  values:  {1,2,4,8,16,32}       

2 - 33a  PDSCH RE - mapping   Note: this FG will be  moved to  5 - x family  1. Supported max # of RE mapping  patterns, each pattern can be  described as a  RS resource  (including NZP/ZP CSI - RS and CRS)  or a bitmap configured in 5 - 26/27 per  OFDM symbol and per CC      Yes  PDSCH RE mapping is  not supported  Type 4  No need  Yes     candidate  values: { 10 , 20}  for FR1   { 6 ,   20} for FR2     

2 - 34  NZP - CSI - RS  based  interference  measurement  1. Support NZP - CSI - RS based  interference measurement    FFS whether to add the number of  NZP - CSI - RS port for interference  measurement      2 - 33  Yes  NZP - CSI - RS based  interference  measurement is not  supported  Type 4  No need  No need     [ Optional ]   
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2 - 35  CSI report framework     1. Maximum number of periodic CSI  report setting per BWP   2. Maximum number of aperiodic CSI  report setting per BWP    3. Maximum number of semi - persistent  CSI report setting per  BWP   4.  Support of advanced CSI process  table (the  Minimum duration Z ,  Z ’   for  processing a CSI )   [ Conditioned to the  completion of  advanced CSI process ]   5. UE can process X CSI report(s)  simultaneously   across all CCs .   CSI  reports can be P/SP/A CSI and any  latency class and codebook type.    6. Supported CSI computation type      FFS: whether X should also count the  SRS precoder derivation in case of  reciprocity based SRS Tx    2 - 3 2  Yes  CSI report is not  supported  Type 3  N.A.  N.A.   NOTE:  Other  MIMO  capability   other than  component 5  may further  restrict   ( reduce )   the number of  simultaneously   CSI report that  UE is required to  update    Component - 1  candidate values:  {1, 2, 3, 4}   Component - 2  candidate values  {1, 2, 3, 4}   Component - 3   candidate values:  {0, 1, 2, 3, 4}   Component - 4:  signaling   is a  bitmap of size 8        Component - 5:   candidate values:  {from 5 to 32}     Componet - 6:   Candidate values:  {Type - A, Type - B}  
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2 - 21  Periodic beam report  1.  Support report on PUCCH formats  over 1  –   2 OFDM symbols once per  slot   2. Support report on PUCCH formats  over 4  –   14 OFDM symbols once per  slot     Yes  No support of periodic  L1 - RSRP report   Type 1  No need  N.A.     Mandatory with  UE capability at  least for FR 2   FFS: for FR1     

2 - 22  Aperiodic beam report  1. Support report on PUSCH   Yes  No support of aperiodic  L1 - RSRP report  Type 1  No need  Yes     Mandatory with  UE capability at  least for FR2     

2 - 23  Semi - persistent beam  report on PUCCH  1. Support report on  PUCCH formats  over 1  –   2 OFDM symbols once per  slot (or piggybacked on a PUSCH)   2. Support report on PUCCH formats  over 4  –   14 OFDM symbols once per  slot (or piggybacked on a PUSCH)   Yes  No support of PUCCH  based SP   L1 - RSRP  report  Type 1  N.A.  Yes     Optional  Optional  with  capability  signaling  
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Basic configuration for CSI reporting
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CSI reporting with CMR and IMR
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Hybrid CSI configuration
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Resource reuse for multiple CSI reporting
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