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Topic #1: General Scope of the Demodulation Requirements
Conclusions from From Way Forward on general aspects for FR2-2 BS demodulation requirements (thread [324] NR_exto71GHz_Demod_Part1)
Moderator: The feedback from TE vendors and related agreement on channel model resolution and tap numbers from the BS thread are included here because they are expected to also apply to UE testing;
Channel model tap delay resolution 
· Delay resolution: 5ns for below or equal to 200MHz CBW, 2ns for above 200MHz CBW
· [Maximum Number of Taps]: 12 taps for CBW smaller than 200MHz and 16 taps for CBW larger  than 200MHz;
· Adopt channel model according to the channel bandwidth as: 
	SCS [kHz]
	CBW [MHz]
	Applicable channel models 
	Tap resolution [ns]
	[Maximum Number of Taps]

	120
	100
	TDLA30-650
TDLD30-200
	5
	12

	120
480
[960]
	≥400
	TDLA10-650
TDLD10-200
	2
	16



Companies can bring simulation results based on following simplified TDL model:
Table 1.1 Simplified TDLA10 model (16 taps, 2ns resolution)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-16.1
	Rayleigh

	2
	4
	0
	Rayleigh

	3
	6
	-4
	Rayleigh

	4
	8
	-10.2
	Rayleigh

	5
	16
	-18.6
	Rayleigh

	6
	18
	-9.3
	Rayleigh

	7
	22
	-13.7
	Rayleigh

	8
	24
	-17.9
	Rayleigh

	9
	26
	-13.5
	Rayleigh

	10
	30
	-14
	Rayleigh

	11
	40
	-15.4
	Rayleigh

	12
	44
	-18.9
	Rayleigh

	13
	46
	-21.0
	Rayleigh

	14
	48
	-21.6
	Rayleigh

	15
	50
	-19.3
	Rayleigh

	16
	96
	-25.9
	Rayleigh



Table 1.2 Simplified TDLA30 model (12 taps, 5ns resolution)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-15.5
	Rayleigh

	2
	10
	0
	Rayleigh

	3
	15
	-5.1
	Rayleigh

	4
	20
	-5.1
	Rayleigh

	5
	25
	-9.6
	Rayleigh

	6
	50
	-8.2
	Rayleigh

	7
	65
	-13.1
	Rayleigh

	 8
	75
	-11.5
	Rayleigh

	9
	105
	-11.0
	Rayleigh

	10
	135
	-16.2
	Rayleigh

	11
	150
	-16.6
	Rayleigh

	12
	290
	-26.2
	Rayleigh



Table 1.3 Simplified TDLD10 model (10 taps, 2ns resolution)
	Tap #
	2ns resolution
	Fading distribution

	
	Delay [ns]
	Power [dB]
	

	1
	0
	-0.2
	LOS

	
	0
	-12.4
	Rayleigh

	2
	6
	-21.1
	Rayleigh

	3
	14
	-16.7
	Rayleigh

	4
	18
	-18.3
	Rayleigh

	5
	26
	-22
	Rayleigh

	6
	40
	-27.9
	Rayleigh

	7
	80
	-23.7
	Rayleigh

	8
	94
	-24.9
	Rayleigh

	9
	98
	-30.0
	Rayleigh

	10
	126
	-27.7
	Rayleigh

	Note 1:	Tap #1 follows a Ricean distribution.



Table 1.4 Simplified TDLD30 model (10 taps, 5ns resolution)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-0.2
	LOS path

	
	0
	-12.4
	Rayleigh

	2
	20
	-21
	Rayleigh

	3
	40
	-16.7
	Rayleigh

	4
	55
	-18.3
	Rayleigh

	5
	80
	-21.9
	Rayleigh

	6
	120
	-27.8
	Rayleigh

	7
	240
	-23.6
	Rayleigh

	 8
	285
	-24.8
	Rayleigh

	9
	290
	-30.0
	Rayleigh

	10
	375
	-27.6
	Rayleigh

	Note 1:	Tap #1 follows a Ricean distribution.



Sub Topic 1-1: General on FR2-2 Requirements
Issue 1-1-2a: Whether to include TDLA20 Channel Model for FR2 UE Demodulation requirements
·  Agreement: No;

Moderator’s recommendation for Issues 1-1-2b and 1-1-3: Discuss Channel Model, Doppler spread and Modulation Order for different SCS separately in the next meeting. Interested companies are encouraged to bring simulation results to support their views;
Issue 1-1-2b: Highest Modulation order for TDLA10 Channel Model for FR2 UE Demodulation requirements
· Option 1: QPSK;
· Option 2: Decide based on simulation results;

Issue 1-1-3: MCS to use with 650Hz Doppler Frequency for TDLA 
· Option 1: QPSK;
· Option 2: Decide based on simulation results;
· Option 3: Do not introduce requirements with 650Hz Doppler Frequency;

Maximum Doppler Frequency for TDLA Channel Model
· Agreement: include 200Hz;

Issue 1-1-4: Whether to define UE Demodulation requirements for 960kHz SCS
· Agreement (GTW August 22, 2022): RAN4 focuses on others SCSs before test feasibility for supporting 960kHz SCS is confirmed. 

Issue 1-1-5: Max CBW for UE Demodulation Requirements definition for SCS 120kHz
· Agreement: 100MHz for 120kHz and keep 400MHz FFS

Issue 1-1-6: Max CBW for UE Demodulation Requirements definition for SCS 480kHz
· Agreement: 400MHz for 480kHz and keep 800MHz FFS;

Issue 1-1-7: Whether to define UE Demodulation Requirements with CBW = 1600MHz 
· Agreement:
· Don’t define for SCS 480kHz;
· FFS the discussion on 960kHz if requirements with 960kHz are agreed;

Issue 1-1-8: Whether to update the number of PRBs for UE Demodulation requirements for 960kHz/2000MHz to follow RF agreements 
· Agreement: In case requirements are introduced, follow agreements in RF and update size to 148 PRBs
Sub Topic 1-2: PDSCH Demodulation Requirements
Issue 1-2-1: Scenarios for FR2-2 PDSCH Requirements definition
· Agreement: Introduce requirements for FR2-2 Single Carrier and FR1+FR2-2 CA Scenarios;

Issue 1-2-2a: Whether to introduce Demodulation requirements with partial bandwidth allocation
· Agreement (GTW August 22, 2022): Yes agreed. 

Issue 1-2-2b: Partial bandwidth allocation position in the CBW;
· Option 1: Center;
· Option 2: TBA;

Issue 1-2-2c: Whether to align RB size with PRB bundling size;
· Agreement: RB size should be integer multiple of the bundling size;

Moderator’s recommendation for Issues 1-2-2d and 1-2-2e: Discuss RB Allocation size and MCS for different SCS in the next meeting. Interested companies are encouraged to bring simulation results to support their views;
Issue 1-2-2d: RB Allocation Table for SCS 120kHz / CBW 100MHz
· Option 1: MCS 4 and 13: 66 RBs; MCS 17: 33RBs
· Option 2: MCS 4,13: 66 PRBs; MCS17: 30PRBs
· Option 3: MCS 4, 13, 17, and 20: Configure 66 RBs;

Issue 1-2-2e: RB Allocation Table for SCS 480kHz / CBW 400MHz
· Option 1: MCS 4: 66 RBs; MCS 13: 16 RBs
· Option 2: MCS 4, 9: 66 RBs; MCS13: 33RBs; MCS 17: 16 RBs;

Issue 1-2-3: Whether RAN4 needs to specify HARQ-ACK Codebook and HARQ Bundling for multi-PDSCH scheduling
· Agreement: Leave specification up to R5, but R4 to ensure no issue in the configuration of the with respect to HARQ bundling

Issue 1-2-4: Whether RAN4 should introduce requirements for 30% of peak throughput
· Agreement (GTW August 22, 2022): FFS whether introduce requirements for 30% of peak throughput

Issue 1-2-5: UE Phase Noise Model for Simulation Alignment
· Both PN Models in TR 38.808;
· Companies clarified that PN modelling can be used to run simulations for the choice of simulation parameters, while simulation results collection for alignment is not expected to use PN models (and expected PN impact is added as a margin to the impairment results). Unless there are diverging views, do not discuss this issue further in the second round;

Issue 1-2-6: UE Phase Noise compensation Model for Simulation Alignment
· Agreement: CPE compensation only is agreed.
· Agreement: Do not consider ICI compensation;

Sub Topic 1-3: PDSCH Coverage of the requirements 
Moderator’s recommendation for Issues 1-3-2: Discuss RB Allocation size and MCS for different SCS in the next meeting. Interested companies are encouraged to bring simulation results to support their views;
Issue 1-3-2: MCS choice for PDSCH requirements for 64QAM (if requirements with 64QAM are agreed)
· Agreement: RAN 4 to select the max MCS that satisfies the following criteria: performance degradation due to phase noise is less than 1dB with the agreed PN compensation technique;
· Option 1: 
· 120kHz: MCS 22;
· 480kHz: MCS 20;
· Option 2: 
· 120kHz: MCS17;
· 480kHz: MCS 13;
· Option 3:
· 120kHz: MCS 20 (66 RBs);
· 480kHz: MCS 13 (66 RBs), and 17 (16 RBs);
· Option 4:
· 120kHz: MCS 20 (66 RBs or 33 RBs);
· 480kHz: MCS 9 (33 or 16 RBs);

Issue 1-3-3: Rank to be used for the definition of the requirements
· Agreement: Define Rank 1 requirements only;

Issue 1-3-4: Whether to define Rank 1 requirements assuming that the feature ‘FD-OCC Disabled’ 
· Agreement: Define Rank 1 requirement assuming that RRC is signaling FD-OCC ON for the DMRS configuration chosen;

Issue 1-3-5: PDSCH Requirements Coverage for SCS 120kHz, CBW = 100MHz;
· Agreement: Include up to 64QAM for Rank 1.

Issue 1-3-6: PDSCH Requirements Coverage for SCS 480kHz, CBW = 400MHz;
· Agreement: Include up to 16QAM for Rank 1; Discuss FD allocation size;

Issue 1-3-7: Number of HARQ processes to be used for SCS=960kHz requirement definition if requirements are agreed;
· Do not discuss further unless 960kHz SCS requirements are agreed;

Issue 1-3-8: Scheduling pattern for CA Scenario
· Agreement: Configure following parameters for FR1 Pcell as baseline. Revisit only in case of issues
· TDD
· 30kHz SCS with 7D1S2U
· All HARQ feedback should be transmitted on UL slot of FR1 carrier	

Sub Topic 1-4: PDSCH Test cases and simulation assumptions 
Issue 1-4-1: List of test cases to be used for requirement definition;
Option 1: Table below as baseline and update it based on the outcome of the detailed issues regarding MCS, Doppler Spread, Channel Model, RB size, etc.
	Test
	CBW(MHz) / SCS (kHz)
	MCS/Rank
	Channel Model
	Antenna Configuration and Correlation Matrix
	RB Allocation Size
	% of peak thpt

	1-1
	100/120
	MCS4/Rank1
	TDLA30-200
	2x2 ULA Low
	[66]
	70

	1-2
	100/120
	MCS13/Rank1
	TDLA30-200
	2x2 ULA Low
	[x]
	70

	1-4
	100/120
	MCS17/Rank1
	TDLD30-200
	2x2 ULA Low
	[x]
	70

	2-1
	400/480
	MCS4/Rank1
	TDLA10-200
	2x2 ULA Low
	[x]
	70

	2-2
	400/480
	MCS13/Rank1
	TDLA10-200
	2x2 ULA Low
	[x]
	70

	2-4
	400/480
	MCS17/Rank1
	TDLD10-200
	2x2 ULA Low
	[x]
	70


	
Option 2:
	Test
	CBW(MHz) / SCS (kHz)
	MCS/Rank
	Channel Model
	Antenna Configuration and Correlation Matrix
	RB Allocation Size
	% of peak thpt

	1-1
	100/120
	MCS4/Rank1
	TDLA30-200
	2x2 ULA Low
	66
	70

	1-2
	100/120
	MCS13/Rank1
	TDLD30-200
	2x2 ULA Low
	66
	70

	1-4
	100/120
	MCS17/Rank1
	TDLD30-200
	2x2 ULA Low
	30
	70

	2-1
	400/480
	MCS4/Rank1
	TDLD10-200
	2x2 ULA Low
	66
	70

	2-2
	400/480
	MCS13/Rank1
	TDLD10-200
	2x2 ULA Low
	16
	70



Option 3
	Test
	CBW(MHz) / SCS (kHz)
	MCS/Rank
	Channel Model
	Antenna Configuration and Correlation Matrix
	RB Allocation Size
	% of peak thpt

	1-1
	100/120
	MCS4/Rank1
	TDLA30-650
	2x2 ULA Low
	66
	70

	1-2
	100/120
	MCS13/Rank1
	TDLA30-200
	2x2 ULA Low
	66
	70

	1-3
	100/120
	MCS17/Rank1
	TDLD10-200
	2x2 ULA Low
	66
	70

	1-4
	100/120
	MCS20/Rank1
	TDLD10-200
	2x2 ULA Low
	33
	70

	2-1
	400/480
	MCS4/Rank1
	TDLD10-200
	2x2 ULA Low
	66
	70




Issue 1-4-3: Test Setup for 70% peak throughput PDSCH Requirements ;
· Agreements: Use the table below as baseline for test setup.
	Assumptions
	Value

	Carrier Frequency [GHz]
	70 GHz

	Subcarrier Spacing [KHz]
	120 KHz, 480 KHz

	Waveform
	CP-OFDM

	CP Type
	Normal CP

	Channel Model
	[TDLA (10 ns and 30 ns delay spread) and TDLD (10 and 30 ns delay spread)]
Doppler Spread: [200, 650] Hz

	Antenna configuration
	2x2 ULA Low

	Velocity
	[3 km/h, 10 km/h]

	PA Model
	None

	gNB PN Model
	None

	[UE PN Model]
	[TR38.808 PN model Set 1 and Set 2]

	Pre-loaded Tx EVM
	6%

	Additive Rx EVM
	0%

	I-Q Imbalance
	None

	Frequency Offset
	0 ppm 

	Channel Estimation
	Realistic channel estimation

	Transmission Rank
	Rank 1

	DMRS Configuration
	2 DMRS symbols at (2,11) symbol index

	PTRS Configuration
	For CP-OFDM: (K = 2, L = 1)

	CSI-RS / TRS
	
Periodicity: [20] ms;
Offset: [10] ms;

	MCS/TBS
	From MCS Table 1 (TS38.214): [Up to MCS 22 (64QAM)]
Note: It is assumed that NohPRB = 0 for TBS calculations.




Issue 1-4-4: Test Setup for 30% peak throughput PDSCH Requirements (if 30% peak throughput requirement is agreed)
If 30% throughput requirement is agreed, align the test setup for 70% percent throughput as baseline. Further discuss modifications if necessary.
Topic #2: PDCCH and PBCH Demodulation Requirements 
Sub Topic 2-1: PDCCH Demodulation Requirements
Issue 2-1-1: Whether to define requirements for multi-slot PDCCH monitoring
· Agreement: RAN4 to follow the mandatory behaviour for multi-slot PDCCH scheduling and schedule PDCCH with (4,1) for 480kHz and (8,1) for 960kHz if agreed

Issue 2-1-2: Set of PDCCH Test Cases 
· Agreement: Define PDCCH requirements according to the tablebelow. 
	Test number
	CBW/SCS
	CORESET duration
	CORESET RB
	Interleaver
size
	REG bundle size
	Aggregation level
	Propagation Condition
	
DCI 
format
	
Information
Bit
	Antenna configuration and correlation Matrix

	1
	100/120
	1
	60
	3

	2
	2 
	[TDLA30-200]
	1_0
	40
	1x2 Low

	2
	100/120
	1
	60
	2
	6
	4
	[TDLA30-200]
	1_1
	56
	1x2 Low

	3
	100/120
	1
	60
	3
	2
	8 
	[TDLA30-200]
	1_1
	56
	2x2 Low

	4
	100/120
	2
	60
	3
	2
	16 
	[TDLA30-200]
	1_0
	40
	2x2 Low

	5
	400/480
	1
	60
	2
	6
	4
	[TDLA10-200]
	1_1
	56
	1x2 Low

	6
	400/480
	1
	60
	2
	6
	8
	[TDLA10-200]
	1_1
	56
	1x2 Low

	7
	400/480
	2
	60
	3
	2
	16
	[TDLA10-200]
	1_0
	40 
	2x2 Low



Issue 2-1-1: Whether to align propagation conditions with PDSCH
· Agreement: Yes
	
Sub Topic 2-2: PBCH Demodulation Requirements
Issue 2-2-1: SSB index assumption
· Agreement: Only with not known SSB index

Issue 2-2-2: Test setup for PBCH requirements
· Define requirements for the tests below. Propagation condition to be further discussed;
	Test number
	SCS/CBW
	Antenna configuration
	Propagation condition
	PBCH SNR (dB) 
@ 1% Pm-bch
	SS/PBCH block index                       

	1-1
	120kHz/100MHz
	

1x2 Low
	[TDLA10-200]
	New
	unknown

	1-2
	480kHz/400MHz
	
	[TDLA10-200]
	New
	unknown


Topic #2: SDR and CSI Demodulation Requirements
Sub Topic 3-1: SDR Demodulation Requirements 
Issue 3-1-1: Scope of the FR2-2 UE SDR Requirements:
· Agreement (GTW August 22, 2022): FFS whether SDR test cases will be specified for FR2-2 pending further checking on the test feasibility on supporting SNR range

Issue 3-1-2: Maximum MCS (Scaling Factor = 1) for FR2-2 in the SDR tables
· Proposals:
· Option 1: MCS 24 for Rank1 and rank2;
· Option 2: MCS 27 for Rank 1;

Issue 3-1-3: Minimum MCS for FR2-2 in the SDR tables
· Proposals:
· Option 1: MCS 0 for Rank1 and rank2;
· Option 2: Depending on maximum Modulation Format:
	Maximum Modulation Format
	Minimum MCS

	6
	14

	4
	10

	2
	4



Issue 3-1-4: Rank to use for FR2-2 SDR Requirements
· Option 1: Rank 1 and Rank 2;
· Option 2: Rank 1 only;

Issue 3-1-5: Whether to define separate MCS to SNR mapping table for different CBW
· Agreement: define different MCS to SNR mapping table for different CBW;

Issue 3-1-6: Scenarios to consider for the FR2-2 SDR Requirements:
· Agreement: Companies agreed to consider the following scenarios for the definition of FR2-2 SDR requirements
· SA FR2-2
· FR1 (CA or single CC) CA with FR2-2 single CC

Issue 3-1-7: For FR1+FR2-2 CA scenarios, whether to transmit ACK/NACK separately on each CC
· Option 1: Yes;
· Option 2: No;


Sub Topic 3-2: CQI Demodulation Requirements
Issue 3-2-1: Scope of the FR2-2 CQI Requirements:
· Agreement (GTW August 22, 2022): Only for SCS 120kHz, CBW=100MHz, further discuss test metric and test SNR points. 

Issue 3-2-2: Target Modulation Order for FR2-2 CQI Requirements:
· Option 1: Up to 16 QAM;
· Option 2: Include 64QAM;

Issue 3-2-3: Whether to reuse CQI requirements test setup and metrics from FR2-1 for 120kHz/100MHz:
· Agreement: For FR2-2 CQI requirements for 120kHz/100MHz, reuse test setup and test metrics from FR2-1;
· Further discuss whether FR2-1 SNR test points can be reused
· Option 1: Yes;
· Option 2: Test points: SNR = 6/7 for 16QAM, -2/-1dB for QPSK;


Topic #4: Specification Structure and comment collections on Draft CRs 
Sub-topic 4-1: Specification Structure
Issue 4-1-1: Overall Specification Structure 
Agreement: Companies agreed on not introducing new subsections and changing applicability section (“Applicability of requirements for operating bands”) to only required testing of table with FR2-2 in FR2-2 bands.
Draft Specification structure:
	Requirements
	Sub-clause

	PDSCH requirements for FR2-2 single operation: 
	7.2.2.2.1

	PDSCH requirements for FR1+FR2-2 CA:
	9.2A.1

	PDCCH requirements for FR2-2 single operation: 
	7.3.2.2.2

	PDCCH requirements for FR1+FR2-2 CA
	9.3A.1

	PBCH requirements
	7.4.2.2

	[SDR requirements for FR2-2 single operation:]
	[7.5.1]

	[SDR requirements for FR1+FR2-2 CA]
	[9.4A.1]

	CQI requirements for FR2-2 single operation 
	8.2.2.2.1

	CQI requirements for FR1+FR2-2 CA
	10.2A



Issue 4-1-1a: Whether to update existing tables by specifying FR2-1 to differentiate from FR2-2
· Option 1: Yes, update all existing tables (with and without indications to FR2) with the specific indication to FR2, FR2-1 or FR2-2;
· Option 2: No, rely on clear applicability rules;
· Option 3: Update only existing tables that explicitly refer FR2; Rely on applicability rules for tables that don’t mention FR2;

Specification Structure for PDSCH
· Option 1:
	Section number
	Section name
	Note

	7.2
	PDSCH demodulation requirements
	Update Table 7.2-1

	7.2.1
	  1RX requirements
	

	7.2.2
	  2RX requirements
	

	7.2.2.2
	    TDD
	

	7.2.2.2.[4]
	      Minimum requirements for UEs in FR2-2
	New section

	7.2A
	PDSCH demodulation requirements for CA
	

	7.2A.1
	  1RX requirements
	

	7.2A.2
	  2RX requirements
	Updates on FR2-2

	…….
	……
	

	A.3.2
	Reference measurement channels for PDSCH performance requirements
	

	A.3.2.2
	  TDD
	Updates on FR2-2




Issue 4-1-2: Specification Structure for PDCCH:
· Agreement: Follow Table below;
· Table 1	Specification structure for UE Demodulation performance requirements in FR2-2 (Radiated requirements).
	Section number
	Section name
	Note

	7.3
	PDCCH demodulation requirements
	Updates in Table 7.3-1

	7.3.1
	  1RX requirements
	Void

	7.3.2
	  2RX requirements
	

	7.3.2.2
	    TDD
	

	7.3.2.2.1
	 1 Tx Antenna performances
	Updates on FR2-2

	7.3.2.2.2
	 2 Tx Antenna performances
	Updates on FR2-2

	7.4
	PBCH demodulation requirements
	

	7.4.1
	  1RX requirements
	

	7.4.2
	  2RX requirements
	

	7.4.2.2
	    TDD
	Updates on FR2-2 UEs



Issue 4-1-3: Specification Structure for SDR:
· Agreement: 
Table 1	Specification structure for UE Demodulation performance requirements in FR2-2 (Radiated requirements).
	Section number
	Section name
	Note

	7.5
	Sustained downlink data rate provided by lower layers
	

	7.5.1
	  FR2 single carrier requirements
	Updates on FR2-2 


 
Issue 4-1-4: Specification Structure for CQI:
· Agreement: Table 1	Specification structure for UE CSI reporting requirements in FR2-2 (Radiated requirements).
	Section number
	Section name
	Note

	8.2
	Reporting of Channel Quality Indicator (CQI)
	

	8.2.2
	  2RX requirements
	

	8.2.2.2
	    TDD
	

	8.2.2.2.1
	      CQI reporting definition under AWGN
	Updates on FR2-2




CR Work split (for information only) 
Table 3. Demod CR work split for TS 38.101-4
	Collecting and organizing simulation results 
	Ericsson

	draftCR and bigCR work split - TS 38.101-4
	Company

	TS 38.101-4 bigCR 
	Huawei

	TS 38.101-4 UE performance requirements (draftCRs)
	

	
	7 Demodulation performance requirements (Radiated requirements)
	

	
	
	General (incl. applicability rule)
	Qualcomm

	
	
	PDSCH requirements for FR2-2 single operation (Section 7.2.2.2.1)
	Ericsson

	
	
	PDSCH requirements for FR1+FR2-2 CA (Section 9.2A.1)
	Huawei

	
	
	PDCCH requirements
	Nokia

	
	
	(PBCH requirements)
	Qualcomm

	
	
	SDR requirements
	Ericsson

	
	8 CSI reporting requirements (Radiated requirements)
	

	
	
	  General (incl. applicability rule), CQI reporting requirements
	Apple

	
	Appendix
	

	
	
	PDSCH, PDCCH, (PBCH) RMCs
	Apple

	
	
	CSI RMCs and propagation conditions
	Apple



