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1 Introduction

In RAN#82, first version of TS 38.101-4 for NR UE performance requirements was approved. Until RAN4 #89 meeting in November 2018, almost all test cases for Rel-15 UE performance requirements including demodulation and CSI have been specified in TS 38.101-4, meanwhile there are remaining open issues：
· Some agreed test cases still not specified in current specification

· Requirements for part of test cases still TBD 

· Part of parameters for some test cases still TBD
In this contribution, work scope of Rel-15 UE performance requirements and remaining open issues were summarized. 

2 Discussion
The major of purpose of UE performance requirements is to verify UE receiver performance to support basic physical layer features which majorly related to baseband processing.
In early stage of UE performance discussion, we agreed to focus on mandatory features to introduce UE performance requirements in Rel-15.
Following Rel-15 testability SI conclusion, both FR1 conducted test cases and FR2 radiated test cases (“pure baseband” test methodology) only can verify UE baseband performance without including the spatial performance of the antenna system.

2.1 Common Scenarios
CA/DC requirements
In Rel-15, until December 2018, specified UE performance requirements are only focused on single carrier and EN-DC operation. It’s agreed to deprioritize NR CA (normal test cases), late drop requirements in Rel-15.
Proposal 1:  Introducing CA requirements (normal test cases) under Rel-16. 

Proposal 2:  Performance requirements for Rel-15 late drop (NR-NR DC, NE-DC) can be discussed after 2019 June. 
EN-DC Requirement rules

For EN-DC Normal demodulation performance requirements and CSI requirements:

· Only verify NR carrier requirements
· Reusing same test parameters and requirements for NR carrier under SA and NSA mode

· Use noise-free LTE link for NSA mode
· No requirements for FR1 NR/LTE carriers for Rel-15 EN-DC test cases including FR2 carrier
· Additional specific EN-DC specific requirements can be further discussed after normal requirements finalized.
NSA SDR requirements:
· For EN-DC operation within FR1, both LTE carrier and NR carrier need to be verified
· For interworking operation across FR1 + FR2: 
· Define requirements for FR1 NR/LTE carriers of Rel-15 EN-DC SDR test cases which including FR2 carrier. 
· Only FR2 performance is tested in Rel-15. 
Applicability rules for UEs with SA and NSA support:

· Normal UE demodulation requirements are verified using SA requirements only
· SDR requirements are tested for both SA and NSA
Handling of simultaneous Tx/Rx for EN-DC
· Using 30kHz with 7D1S2U, S= 6D4G4U  DL-UL pattern as default configuration for FR1 NR carrier to align with LTE TDD DL-UL configuration 2
· For FR1 EN-DC test cases with  NR TDD DL-UL configurations not aligned with LTE  can be tested on the corresponding EN-DC BCs where UE supports simultaneous Tx/Rx
Duplex mode & Channel Bandwidth & SCS
It’s impractical to introduce performance requirements covering all the combinations of channel bandwidth and SCS and no need to verify certain physical features under several combinations of channel bandwidths and SCS.

In order to ensure test coverage applicable for different bands, below combinations of channel bandwidth and SCS were selected as ‘default configuration’:
· FR1 FDD: {10MHz, 15kHz}
· FR1 TDD: {40MHz, 30kHz}

· FR2 TDD:{100MHz,120kHz}

Demodulation and CSI test cases were introduced under above default configuration for channel bandwidth and SCS.

Furthermore, in order to verify UE processing for supporting different combinations of channel bandwidth and SCS, one dedicated PDSCH demodulation test case were introduced for below combinations:

· FR1 FDD: {20MHz, 30kHz}

· FR1 TDD: {20MHz, 30kHz}
· FR2 TDD:

· {50MHz, 120kHz}

· {50MHz, 60kHz}

· {200MHz, 120kHz}
TDD DL-UL pattern

Based on operators’ input, below TDD DL-UL patterns were agreed to introduce performance requirements:
FR1: 

· TDD 15kHz:  DDDSU, S= 10D2G2U
· TDD 30kHz: 
· 7D1S2U, S =  6D:4G:4U (default configuration)

· Additional PDSCH  test cases covering below configurations (1st priority)

· DDDSUDDSUU, [S1=10D:2G:2U], [S2= 10D:2G:2U]
· DDDSU, S=10D:2G:2U
· Additional TDD DL-UL configurations planned to be covered by PDSCH test cases

· SU, S = 12D:2G
· DDSU, S=10D:2G:2U
· DSSU, S1=10D:2G:2U, S2=12D:2G 
FR2: 

· TDD 60kHz:DDSU , S= 12D2G
· TDD 120kHz: 
· DDDSU, S=10D:2G:2U
· DDSU, S=11D+3G
· For normal PDSCH test cases, above two configurations equally split  by test cases
Number of Receiver antennas

For FR1, both 2Rx and 4Rx test cases were introduced, for FR2 only 2Rx test cases.

Applicability rules for 2Rx and 4Rx: For UE’s that support 4RX on at least one band, the normal UE performance requirements are verified using 4RX tests and 2RX tests can be skipped.

Receiver Type
For PDCCH, PBCH and CSI test cases: MMSE-IRC receiver was assumed as baseline assumption for introducing performance requirements.

For PDSCH test cases: both MMSE-IRC and R-ML covered

· Dedicated test cases were introduced with R-ML receiver assumption.  These test cases only applied for UE which support advanced receiver Type  (R-ML)
Channel model

It’s agreed using simplified TDL based approach to generate fading channel for both FR1 and FR2 performance requirements. 
Below fading channel models with different combination of delay spread and the maximum Doppler frequency (Hz) were used to introduce requirements in FR1 and FR2.

· FR1:

	TDLA30-5Hz 

	TDLA30-10Hz

	TDLB100-400Hz

	TDLC300-100Hz


· FR2:

	TDLA30-35Hz

	TDLA30-75Hz

	TDLA30-300Hz

	TDLC60-300Hz


Requirements band agnostic approach (per frequency range)

For FR1, conducted performance requirements were specified in a band agnostic manner if test parameters of test cases can be configured in certain band.
For FR2, Define band agnostic requirements for current agreed test cases at least for up to frequency range 40 GHz with MCS limitation
Open issues for general test parameters

Issue 1: TCI state and QCL configuration parameters still missed for performance requirements
· QCL behaviour Type A and  TypeD (FR2 only)
Issue 2: CSI-RS configuration for UE RX beam refinement still missing
2.2 Demodulation requirements 

In Rel-15, we agreed to introducing demodulation requirements for below physical channels:
· PDSCH (normal test cases and SDR test cases)

· PDCCH

· PBCH (not test and conformance requirements)

2.2.1 PDSCH requirements 

For PDSCH, detailed test cases list specified in specification are summarized in Annex A.

	Basic Parameters
	FR1
	FR2

	Duplex mode
	FDD, TDD
	TDD

	CHBW &SCS
	FDD: 15kHz, 30kHz

TDD: 30kHz

Several combinations of channel bandwidth and SCS
	60kHz, 120kHz

Several combinations of channel bandwidth and SCS

	TDD DL-UL configurations
	Several configurations
	Several configurations

	MIMO TxRx
	2*2, 2*4

4*2,4*4
	2*2

	Modulation order 
	QPSK, 16QAM , 64QAM and 256QAM
	QPSK, 16QAM , 64QAM

	MIMO Layer
	1,2,3
	1,2

	PDSCH mapping Type
	Type A and Type B
	Type A and type B

	PRB allocation
	Full PRB and partial PRB allocation
	Full PRB and partial PRB allocation

	PRB bundling size 
	4, wideband and 2
	Wideband, 2

	DMRS
	Type 1  single symbol front loaded

With 1 or 2 additional symbols


	Type 1  single symbol front loaded

with 1  additional symbols



	Number of HARQ process
	FDD:4, 8

TDD:8,16
	8,16

	TRS
	Configured 
	Configured

	PTRS
	Not configured
	Configured

	NZP CSI-RS and ZP CSI-RS 
	Configured 
	Configured 


There are below remaining open issues:
Issue 1: Number of HARQ process for Test 2-1 in Section 5.2.2.1.1 / 5.2.3.1.1 for FDD, 5.2.2.2.1/ 5.2.3.2.1 for FR1 TDD, test 2-2 in section 7.2.2.2.1 for FR2 TDD
· FFS: 4 or 8 for FDD
· FFS:8 or 16 for FR1 TDD and FR2 TDD
Issue 2: Requirements still TBD for below test cases

· FR1 FDD: 
· Test 2-1, 2-3 in Section 5.2.2.1.1; Test 1-2 in Section 5.2.2.1.4
· Test 2-1, 2-3 in section 5.2.3.1.1; Test 1-2 in section 5.2.3.1.4
· FR1 TDD:
· Test 1-3, 2-1 in Section 5.2.2.2.1; Test 1-1 in Section 5.2.2.2.2
· Test 1-3, 2-1 in section 5.2.3.2.1; Test 1-1 in section 5.2.3.2.2
· FR2 TDD:
· Test 1-3, 2-1,2-2,2-4,2-6 in section 7.2.2.2.1
Issue 3: FFS for necessity of introducing Dynamic TDD DL-UL configuration test
· If introduced, no additional test cases or evaluation work required
Issue 4: Below test cases still missing in specification
· Test cases for TDD DL-UL configurations with 2nd priority 

Issue 5: TRS configuration for FR2 
2.2.2 PDCCH requirements

For PDCCH, detailed test cases list specified in specification are summarized in Annex B.
	Basic Parameters
	FR1
	FR2

	Duplex mode
	FDD, TDD
	TDD

	CHBW &SCS
	FDD: 10MHZ, 15kHz

TDD: 40MHz, 30kHz
	100MHz, 120kHz



	TDD DL-UL configurations
	7D1S2U for 30kHz
	DDDSU for 120kHz

	MIMO TxRx
	1*2, 1*4

2*2,2*4
	1*2

2*2

	CCE to REG mapping type
	both interleaved and non-interleaved
	both interleaved and non-interleaved

	Time Duration
	1,2
	1,2

	DCI format
	1-0,1-1
	1-0,1-1

	CCE size
	2,4,8,16
	2,4,8,16


There are below remaining open issues:

Issue 1: FFS whether introducing FDD test case with AL 16 under 4Rx (case 14)

Issue 2: FFS the Propagation condition for FR1 TDD test case with AL 16 under 4Rx  (case 15a/15b)

· Option 1: TDL-C,300ns, 100Hz
· Option 2: TDL-A,30ns, 10Hz

Issue 3: FFS for the bundle size for 4Rx Test cases (Case 6_4Rx_A/B and 7_4RX_A/B)
· Option 1: REG bundle size =2, CORESET BW = 102 
· Option 2: REG bundle size =6, CORESET BW = 90 
Issue 4: Above test cases with open issues still missing in current specifications (case 6, 7 and 15)
Issue 5:  Requirements still TBD for below test cases

· FR1 FDD: test 5 in 5.3.2.1.1, test 3 in 5.3.2.1.2; test 4 in 5.3.3.1.1, test 1,3 in 5.3.3.1.2
· FR1 TDD: test 1 in 5.3.2.2.2; test 1 in 5.3.3.2.2
· FR2 TDD: test 1-1,1-2 in 7.3.2.2.1
2.2.3 PBCH requirements
For PBCH, below test cases were specified in TS38.101-4.
	Parameters
	Test 1
	Test 2
	Test 3
	Test 4

	Frequency Range
	FR1
	FR1
	FR2
	FR2

	Channel Bandwidth
	10MHz
	40MHz
	100MHz
	100MHz

	SS/PBCH SCS
	15kHz
	30kHz
	120kHz
	240kHz

	SS Block pattern
	Case A
	Case B/Case C
	Case D
	Case E

	Antenna Configuration
	1x2
	1x2
	1x2
	1x2

	Propagation channel
	TDLC300-100
	TDLA30-10
	TDLA30-300
	TDLA30-75


Remaining open issues:

Issue 1:  FFS whether introduce 4Rx PBCH test cases

Issue 2:  FFS whether to introduce requirements with knowledge of SSB index additional to PBCH requirements assuming without knowledge of SSB index. 
Issue 3: Performance requirements still TBD 
2.2.4
SDR requirements
MCS and TBS determination methodology has already been approved as captured in slide 5, 6 and slide 7 of R4-1816489.
Open issues for SDR test cases:

Issue 1: Number of HARQ process
· Option 1：If normal PDSCH demodulation requirement with 16 (TDD)/8 (FDD) HARQ processes targeting for higher Rank/MCS are introduced, the number of HARQ process for SDR test is 8 (TDD) / 4 (FDD)； Otherwise, 16 (TDD) / 8 (FDD) processes
· Option 2: 8 for TDD and 4 for FDD 
Issue 2: MCS values for requirements still TBD for FR1

Issue 3: MCS and TBS determination procedure and MCS values still need to be confirmed for FR2 (baseline as captured in slide 7 of R4-1816489)
Issue 4: Procedure to select CA bandwidth combination in multiple combinations have same largest data rate
Issue 5: Some test parameters:
· Sustained rate minimum duration

· PDCCH configuration (AL and DCI format)
2.3 CSI requirements
In Rel-15, we agreed to introduce CSI test cases covering below report content:

· CQI (static CQI, wideband fading CQI, frequency selective CQI (FR1 only) )

· PMI (4 Tx ports and 8 Tx ports wideband PMI test cases in FR1 and 2 Tx ports wideband PMI test cases in FR2)

· RI

	Basic Parameters
	FR1
	FR2

	Duplex mode
	FDD, TDD
	TDD

	CHBW &SCS
	FDD: 10MHZ, 15kHz

TDD: 40MHz, 30kHz
	100MHz, 120kHz



	TDD DL-UL configurations
	7D1S2U for 30kHz
	DDSU (default configuration)

DDDSU

	Reporting content
	CQI, PMI, RI
	CQI, PMI, RI

	Reporting type
	Periodic, aperiodic
	Periodic, aperiodic

	Number of Tx ports
	2,4,8
	2

	Number of Rx ports
	2,4
	2

	CSI-RS resource type 
	Periodic, aperiodic, semi-persistent
	Periodic, aperiodic, semi-persistent

	Measurement restriction configuration
	Off (default)

Additional test with on 
	Off (default)

Additional test with on

	CQI reporting granularity 
	Wideband and sub-band
	Wideband only

	PMI reporting granularity
	Wideband only
	Wideband only

	Codebook Type
	Single panel Type I
	Single panel Type I


Remaining open issues
Issue 1: Number of Tx ports for FR1 sub-band CQI test cases

· Option 1： 1Tx
· Option 2： 2Tx  (baseline)
Issue 2: MIMO correlation for FR2 2Tx PMI test case:
· Option 1: ULA Low
· Option 2: ULA medium 
Issue 3: Test requirements for below test cases still TBD

· Wideband fading CQI test cases: FR1 TDD 2Rx test case in section 6.2.2.2.2.1; FR1 FDD and TDD 4Rx test cases in 6.2.3.1.2.1 and 6.2.3.2.2.1; FR2 TDD test case in 8.2.2.2.2.1
· Frequency selective CQI test cases

· PMI test cases: 8Tx PMI test cases in FR1 and 2Tx PMI test cases in FR1

· RI test cases

Issue 4: Agreed test cases not specified 

·  FR2 2Tx PMI test cases with TDD DL-UL configuration DDDSU(120kHz)

· Test cases with measurement restriction on
· Test cases with semi-persistent CSI-RS resources
3 Summary 
In this contribution, work scope of Rel-15 UE performance requirements and remaining open issues were summarized. 

For overall work scope, below proposals was given:

Proposal 1:  Introducing CA requirements (normal test cases) under Rel-16. 

Proposal 2:  Performance requirements for Rel-15 late drop (NR-NR DC, NE-DC) can be discussed after 2019 June. 
The detailed scope and open issues for demodulation and CSI are summarized in corresponding sections.
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Annex

Annex.A: Test case list for PDSCH test cases

Table 1: FR1 FDD test cases list
	Case Number
	CHBW/ SCS
	MIMO
	PDSCH type and MCS
	Number of layer
	Number of PDSCH PRBs
	Channel Model
	Receiver
	Max number of HARQ process
	Test point

	1
	10MHz/15kHz
	2Tx 2Rx ULA Low
	Type A, QPSK, MCS 4
	1 Layer
	52
	TDL-B 100ns, 400 Hz
	MMSE-IRC
	4
	70%

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	

	2
	10MHz/15kHz
	2Tx 2Rx ULA Low
	Type A, QPSK, MCS 4
	1 Layer
	6 (in the middle of CBW)
	TDL-C 300ns, 100 Hz
	MMSE-IRC
	4
	70%

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	

	3
	10MHz/15kHz
	2Tx 2Rx ULA Low
	Type A, 256QAM, MCS 24
	1 Layer
	52
	TDL-A 30ns, 10Hz
	MMSE-IRC
	4
	70%

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	

	4
	10MHz/15kHz
	2Tx 2Rx ULA Low
	Type A, 16QAM, MCS 13
	2 Layers
	52
	TDL-C 300ns, 100 Hz
	MMSE-IRC
	4
	70%

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	

	5
	10MHz/15kHz
	2Tx 2Rx ULA Low
	Type A, 64QAM, MCS 19
	2 Layers
	52
	TDL-A 30ns, 10Hz
	MMSE-IRC
	FFS: 4 or 8
	70%

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	

	6
	10MHz/15kHz
	4Tx 4Rx ULA Low
	Type A, 16QAM, MCS 13
	3 Layers
	52
	TDL-A 30ns, 10Hz
	MMSE-IRC
	4
	70%

	7
	10MHz/15kHz
	4Tx 4Rx ULA Low
	Type A, 16QAM, MCS 13
	4 Layers
	52
	TDL-A 30ns, 10Hz
	MMSE-IRC
	4
	70%

	8
	10MHz/15kHz
	2Tx 2Rx ULA Med
	Type A, 16QAM, MCS 13
	2 Layers
	52
	TDL-A 30ns, 10Hz
	R-ML
	4
	70%

	9
	10MHz/15kHz
	4Tx 4RX ULA Med A
	Type A, 16QAM, MCS 13
	3 Layers
	52
	TDL-A 30ns, 10Hz
	R-ML
	4
	70%

	10
	10MHz/15kHz
	2Tx 2Rx ULA Low
	Type A, 16QAM, MCS 13
	1 Layer
	52
	TDL-C 300ns, 100 Hz
	MMSE-IRC
	8
	30%

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	

	11
	10MHz/15kHz
	2Tx 2Rx ULA Low
	Type B, QPSK, MCS 4
	1 Layer
	52
	TDL-A 30ns, 10Hz
	MMSE-IRC
	4
	70%

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	

	12 
(LTE-NR test 1)
	10MHz/15kHz
	4Tx 2Rx ULA Low
	Type A, QPSK, MCS 4
	1 Layer
	52
	TDL-A 30ns, 10Hz
	MMSE-IRC
	4
	70%

	
	
	4Tx 4Rx ULA Low
	
	
	
	
	
	
	

	13 
(LTE-NR test 2)
	10MHz/15kHz
	4Tx 2Rx ULA Low
	Type A, QPSK, MCS 4
	1 Layer
	52
	TDL-A 30ns, 10Hz
	MMSE-IRC
	4
	70%

	
	
	4Tx 4Rx ULA Low
	
	
	
	
	
	
	

	14
	20MHz/30kHz
	2Tx 2Rx ULA Low
	Type A, 64QAM, MCS 19
	2 Layers
	51
	TDL-A 30ns, 10Hz
	MMSE-IRC
	4
	70%

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	


Table 2 FR1 TDD test case list

	Case Number
	CHBW/ SCS
	MIMO
	PDSCH type and MCS
	Number of layer
	Number of PDSCH PRBs
	Channel Model
	Receiver
	TDD Configuration
	Max number of HARQ process
	Test point

	1
	40MHz/30kHz
	2Tx 2Rx ULA Low
	Type A, QPSK MCS 4
	1 Layer
	106
	TDL-B 100ns, 400 Hz
	MMSE-IRC
	1
	8
	70%

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	
	

	2
	40MHz/30kHz
	2Tx 2Rx ULA Low
	Type A, QPSK MCS 4
	1 Layer
	6 (in the middle of CBW)
	TDL-C 300ns, 100 Hz
	MMSE-IRC
	1
	8
	70%

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	
	

	3
	40MHz/30kHz
	2Tx 2Rx ULA Low
	Type A, 256QAM MCS 24
	1 Layer
	106
	TDL-A 30ns, 10Hz
	MMSE-IRC
	1
	8
	70%

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	
	

	4
	40MHz/30kHz
	2Tx 2Rx ULA Low
	Type A, 16QAM MCS 13
	2 Layers
	106
	TDL-C 300ns, 100 Hz
	MMSE-IRC
	1
	8
	70%

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	
	

	5
	40MHz/30kHz
	2Tx 2Rx ULA Low
	Type A, 64QAM MCS 19
	2 Layers
	106
	TDL-A 30ns, 10Hz
	MMSE-IRC
	1
	FFS: 8 or 16
	70%

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	
	

	6
	40MHz/30kHz
	4Tx 4Rx ULA Low
	Type A, 16QAM MCS 13
	3 Layers
	106
	TDL-A 30ns, 10Hz
	MMSE-IRC
	1
	8
	70%

	7
	40MHz/30kHz
	4Tx 4Rx ULA Low
	Type A, 16QAM MCS 13
	4 Layers
	106
	TDL-A 30ns, 10Hz
	MMSE-IRC
	1
	8
	70%

	8
	40MHz/30kHz
	2Tx 2Rx ULA Med
	Type A, 16QAM MCS 13
	2 Layers
	106
	TDL-A 30ns, 10Hz
	R-ML
	1
	8
	70%

	9
	40MHz/30kHz
	4Tx 4RX ULA Med A
	Type A, 16QAM MCS 13
	3 Layers
	106
	TDL-A 30ns, 10Hz
	R-ML
	1
	8
	70%

	10
	40MHz/30kHz
	2Tx 2Rx ULA Low
	Type A, 16QAM MCS 13
	1 Layer
	106
	TDL-C 300ns, 100 Hz
	MMSE-IRC
	1
	16
	70%

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	
	

	11
	40MHz/30kHz
	2Tx 2Rx ULA Low
	Type A, QPSK MCS 4
	1 Layer
	106
	TDL-A 30ns, 10Hz
	MMSE-IRC
	2
	8
	70%

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	
	

	12
	40MHz/30kHz
	2Tx 2Rx ULA Low
	Type A, QPSK MCS 4
	1 Layer
	106
	TDL-A 30ns, 10Hz
	MMSE-IRC
	3
	8
	70%

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	
	

	13
	40MHz/30kHz
	2Tx 2Rx ULA Low
	Type B, QPSK, MCS 4
	1 Layer
	106
	TDL-A 30ns, 10Hz
	MMSE-IRC
	1
	8
	70%

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	
	

	14
	20MHz/30kHz
	2Tx 2Rx ULA Low
	Type A, 64QAM, MCS 19
	2 Layers
	51
	TDL-A 30ns, 10Hz
	MMSE-IRC
	1
	8
	70%

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	
	


Table 3 FR2 TDD test case list

	Case Number
	CHBW/ SCS
	MIMO
	PDSCH type and MCS
	Number of layer
	Number of PDSCH PRBs
	Channel Model
	Receiver
	TDD Configuration
	Max number of HARQ process
	Test point

	1
	100MHz/120kHz
	2Tx 2Rx ULA Low
	Type A, QPSK MCS 4
	1 Layer
	66
	TDL-C 60ns, 300Hz
	MMSE-IRC
	1
	8
	70%

	2
	100MHz/120kHz
	2Tx 2Rx XPL Med A
	Type A, 64QAM MCS 18
	1 Layer
	66
	TDL-A 30ns, 300Hz
	MMSE-IRC
	1
	8
	70%

	3
	100MHz/120kHz
	2Tx 2Rx ULA Low
	Type A, QPSK MCS 4
	2 Layers
	6 (in the middle of CBW)
	TDL-A 30ns, 75Hz
	MMSE-IRC
	2
	10
	70%

	4a
	100MHz/120kHz
	2Tx 2Rx ULA Low
	Type A, 16QAM MCS 13
	2 Layers
	66
	TDL-A 30ns, 300Hz
	MMSE-IRC
	1
	8
	70%

	4b
	100MHz/120kHz
	2Tx 2Rx ULA Low
	Type A, 16QAM MCS 13
	2 Layers
	66
	TDL-A 30ns, 300Hz
	MMSE-IRC
	1
	16
	70%

	5
	100MHz/120kHz
	2Tx 2Rx ULA Low
	Type A, 64QAM MCS 17
	2 Layers
	66
	TDL-A 30ns, 75Hz
	MMSE-IRC
	2
	8
	70%

	6
	100MHz/120kHz
	2Tx 2Rx ULA Med
	Type A, 16QAM MCS 13
	2 Layers
	66
	TDL-A 30ns, 75Hz
	R-ML
	2
	10
	70%

	7
	100MHz/120kHz
	2Tx 2Rx ULA Low
	Type A, 16QAM MCS 13
	1 Layer
	66
	TDL-A 30ns, 300Hz
	MMSE-IRC
	1
	16
	30%

	8
	50MHz/120kHz
	2Tx 2Rx ULA Low
	Type A, 16QAM MCS 13
	2 Layers
	32
	TDL-A 30ns, 75Hz
	MMSE-IRC
	2
	10
	70%

	9
	200MHz/120kHz
	2Tx 2Rx ULA Low
	Type A, 16QAM MCS 13
	2 Layers
	132
	TDL-A 30ns, 300Hz
	MMSE-IRC
	1
	8
	70%

	10
	50MHz/60kHz
	2Tx 2Rx ULA Low
	Type A, 16QAM MCS 13
	2 Layers
	66
	TDL-A 30ns, 75Hz
	MMSE-IRC
	2
	10
	70%


Annex.B: Test case list for PDCCH test cases

	Test No.
	SCS(KHz)
	Format
	CORESET
	Payload
	CORESET time
	AL
	CCE-to-REG
	REG bundle
	CORESET-interleaver-size
	Propagation condition
	Antenna configuration with 2Rx
	Antenna configuration with 4Rx

	
	
	
	RB
	
	duration
	
	Mapping
	size
	
	(Simplified TDL channel models)
	
	

	1
	15
	1_0
	24
	39
	2
	2
	Non-interleaved
	6
	NA
	TDL-A, 30ns, 10Hz
	1x2 Low
	1x4 Low

	2
	15
	1_0
	24
	39
	2
	4
	Non-interleaved
	6
	NA
	TDL-C, 300ns, 100Hz
	2x2 Low
	2x4 Low

	3
	15
	1_1
	24
	52
	2
	2
	Non-interleaved
	6
	NA
	TDL-C, 300ns, 100Hz
	1x2 Low
	1x4 Low

	4
	15
	1_1
	48
	52
	2
	4
	Non-interleaved
	6
	NA
	TDL-A, 30ns, 10Hz
	1x2 Low
	1x4 Low

	5
	15
	1_1
	48
	52
	2
	8
	Non-interleaved
	6
	NA
	TDL-C, 300ns, 100Hz
	2x2 Low
	2x4 Low

	6_2Rx
	30
	1_0
	102
	41
	1
	2
	Interleaved
	2
	3
	TDL-A, 30ns, 10Hz
	1x2 Low
	NA

	6_4Rx_A
	30
	1_0
	102
	41
	1
	2
	Interleaved
	2
	3
	TDL-A, 30ns, 10Hz
	NA
	1x4 Low

	6_4Rx_B
	30
	1_0
	90
	41
	1
	2
	Interleaved
	6
	3
	TDL-A, 30ns, 10Hz
	NA
	1x4 Low

	7_2Rx
	30
	1_1
	102
	53
	1
	4
	Interleaved
	2
	3
	TDL-C, 300ns, 100Hz
	1x2 Low
	NA

	7_4Rx_A
	30
	1_1
	102
	53
	1
	4
	Interleaved
	2
	3
	TDL-C, 300ns, 100Hz
	NA
	1x4 Low

	7_4Rx_B
	30
	1_1
	90
	53
	1
	4
	Interleaved
	6
	3
	TDL-C, 300ns, 100Hz
	NA
	1x4 Low

	8
	30
	1_1
	90
	53
	1
	8
	Interleaved
	6
	3
	TDL-C, 300ns, 100Hz
	2x2 Low
	2x4 Low

	9
	120
	1_0
	60
	40
	1
	2
	Interleaved
	2
	3
	[TDL-A, 30ns, 75Hz]
	1x2 Low
	NA

	10
	120
	1_1
	60
	56
	1
	4
	Interleaved
	6
	2
	[TDL-A, 30ns, 300Hz]
	1x2 Low
	NA

	11
	120
	1_1
	60
	56
	1
	8
	Interleaved
	2
	3
	[TDL-A, 30ns, 75Hz]
	2x2 Low
	NA

	12
	15
	1_0
	48
	39
	1
	4
	Non-interleaved
	6
	NA
	[TDL-A, 30ns, 10Hz]
	1x2 Low
	1x4 Low

	13
	15
	1_1
	48
	52
	1
	8 for 2Rx and 4 for 4Rx
	Non-interleaved
	6
	NA
	[TDL-A, 30ns, 10Hz]
	2x2 Low
	2x4 Low

	14
	15
	1_0
	48
	39
	2
	16
	Non-interleaved
	6
	NA
	[TDL-A, 30ns, 10Hz]
	1x2 Low
	1x4 medium A

	15_2Rx
	30
	1_0
	48
	41
	2
	16
	Non-interleaved
	6
	NA
	[TDL-C, 300ns, 100Hz]
	1x2 Low
	NA

	15_4Rx_A
	30
	1_0
	48
	41
	2
	16
	Non-interleaved
	6
	NA
	[TDL-C, 300ns, 100Hz]
	NA
	1x4 medium A

	15_4Rx_B
	30
	1_0
	48
	41
	2
	16
	Non-interleaved
	6
	NA
	[TDL-A, 30ns, 10Hz]
	NA
	1x4 medium A

	16
	120
	1_0
	60
	40
	2
	16
	Interleaved
	2
	3
	[TDL-A, 30ns, 75Hz]
	2x2 Low
	NA


Annex.C: Test case list for CSI test cases

· Static CQI test cases (Periodic)
· Test 1.1: FR1 FDD   10MHz &15kHz ,  2*2, 2*4
· Test 1.2: FR1 TDD    40MHz&30kHz,   2*2, 2*4
· Test 1.3: FR2 TDD
100MHz& 120kHz, 2*2
· Wideband fading CQI test cases
· Test 2.1: FR1 FDD   10MHz &15kHz ,  2*2, 2*4 (periodic) 
· Test 2.2: FR1 TDD    40MHz&30kHz,   2*2, 2*4 (periodic)
· Test 2.3: FR2 TDD
100MHz& 120kHz, 2*2 (aperiodic)
· Sub-band CQI test cases (Periodic)
· Test 3.1: FR1 FDD   10MHz &15kHz 
· Test 3.2: FR1 TDD    40MHz&30kHz
· Wideband PMI test cases (aperiodic)
· Test 4.1: FR1 FDD   10MHz &15kHz ,  4*2, 4*4
· Test 4.2: FR1 TDD    40MHz&30kHz,   4*2, 4*4
· Test 4.3: FR1 FDD   10MHz &15kHz ,  8*2, 8*4
· Test 4.4: FR1 TDD    40MHz&30kHz,   8*2, 8*4
· Test 4.5: FR2 TDD
100MHz& 120kHz, 2*2
· Test 4.6: FR2 TDD
100MHz&120kHz, 2*2 with TDD  DL-UL pattern DDDSU, S= 12D2G2U
· RI test 
· Test 5.1: FR1 FDD   10MHz&15kHz, 2*2,4*4 (periodic)
· Test 5.22: FR1 TDD   40MHz&30kHz, 2*2,  4*4 (periodic)
· Test 5.3: FR2 TDD
100MHz&120kHz, 2*2 (aperiodic)
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