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Introduction
This email discussion summary collects the contributions for the following agenda items:
· 6.3	Extending current NR operation to 71GHz	 				[NR_ext_to_71GHz]
· 6.3.6	 Demodulation and CSI requirements 						[NR_ext_to_71GHz-Perf]
· 6.3.6.1	General (incl. Channel models) 			[NR_ext_to_71GHz-Perf]
· 6.3.6.2	UE Demodulation and CSI requirements 	[NR_ext_to_71GHz-Perf]
· 6.3.6.2.1	PDSCH requirements 			[NR_ext_to_71GHz-Perf]
· 6.3.6.2.2	PDCCH/PBCH requirements	[NR_ext_to_71GHz-Perf]
· 6.3.6.2.3	CSI reporting requirements		[NR_ext_to_71GHz-Perf]

The target for the discussion is the following:
1st round:
· Conclude on the open issues;
· Collect and review the submitted impairment simulation results;
2nd round:
· Agree on tentative SNR requirements;
· Endorse the draft CRs for BigCR approval;
Topic #1: General and PDSCH Demodulation Requirements
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218179
	Apple
	General aspects
Proposal #1: Use the following table to determine testable SNR based on agreed PDSCH allocation:
	
	CBW (MHz)
	Num RBs
	Test method

	
	
	
	IFF

	Single band UE

	100
	66
	[9.8]

	
	
	32
	[13.2]

	
	400
	66
	[2.6]

	
	
	32
	[6.6]

	
	
	20
	[8.9]



PDSCH demod requirements 
Observation #1: The testable SNR is lower than the SNR after considering impairment margin for - 120KHz SCS MCS 17 with 66 PRBs and 480KHz SCS MCS 13 with 32 PRBs.
Proposal #2: Define requirements with 120KHz with MCS17 for 32 PRB PDSCH allocation considering testable SNR
Proposal #3: Define requirements with 480khz SCS with MCS 13 with 20 PRB allocation considering testable SNR
Proposal #3: For PDSCH requirements with reduced PRB allocation, PDCCH CORESET BW is also reduced.

Observation #2: With partial CORESET BW allocated to PDCCH in line with PDSCH, the same AL and/or CORESET duration as FR2-1 cannot be used for PDCCH for test cases with partial PDSCH allocation.
Proposal #4: For PDSCH allocation of 32 PRB, PDCCH CORESET BW is 30 PRB duration is 1 symbol with AL=4.
Observation #3: PDCCH performance with no decoding errors cannot be guaranteed with AL=2 with MCS 13 test case.
Proposal #5: For PDSCH allocation of 20 PRB, PDCCH CORESET BW is 18 PRB and duration is 2 symbol with AL=4.

PDSCH demod requirements for CA 

Observation #4: There is no benefit of introducing CA requirements with 120KHz/400MHz with same PRB allocation as that for 100MHz.
Observation #5: There will be additional simulation effort needed if FR2-2 carrier has different configuration for CA and single carrier test cases. 
Proposal #6: Use the same BW configuration for FR2-2 carrier for CA requirements as single carrier requirements. 
Proposal #7: Introduce CA requirements for FR2-2 carrier where corresponding single carrier requirements are defined. 
Proposal #8: Use the following bandwidth and test setup for FR1+FR2-2 CA  requirements
· 100MHz/120KHz
· PDSCH requirements: FR1(40MHz,single CC)+FR2-2(100MHz,single CC). The RB allocation for FR2-2 CC is aligned with single CC requirements configuration.
· PDCCH requirements: FR1(40MHz,single CC)+FR2-2(100MHz,single CC).
· CQI requirements: FR1(40MHz,single CC)+FR2-2(100MHz,single CC). The RB allocation for FR2-2 CC is 66RBs

· 400MHz/480KHz
· PDSCH requirements: FR1(40MHz,single CC)+FR2-2(400MHz,single CC). The RB allocation for FR2-2 CC is aligned with single CC requirements configuration.
· PDCCH requirements: FR1(40MHz,single CC)+FR2-2(400MHz,single CC).
Proposal #9: Test cases and applicability rule for FR1+FR2-2 CA requirements: 
· Reuse all cases of single CC for CA and define applicability rules as follows:
· If UE supports standalone operation, UE shall only be tested with single CC.
· If UE don’t support standalone operation, UE shall only be tested with CA
Proposal #10: Do not define new requirements for CA. Reuse single carrier requirements for CA. 


	R4-2218307
	Ericsson
	
Proposal 1: RAN4 defines the PDSCH demodulation requirements using the extended maximum testable SNR:  
	
	CBW (MHz)
	Num RBs
	Test method

	
	
	
	IFF

	Single band UE

	100
	66
	[9.8]

	
	
	[32]
	[13.2]

	
	400
	66
	[2.6]

	
	
	[32]
	[6.6]

	
	
	[20]
	[8.9]



Proposal 2: Define max MCS for PDSCH demodulation requirements for UE at 70% of the peak throughput as 
· 120 kHz/100 MHz: MCS 17 with full RB allocation (66 RBs)
· 480 kHz/400 MHz: MCS 13 with partial RB allocation (32RBs)

Proposal 3: Consider a margin of 3 dB for RF impairments when defining the PDSCH demodulation requirements for UE. 
 
Observation 1: PDSCH demodulation parameters at 70% of the peak throughput has been agreed as
	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) 
TDLD (10 ns and 30 ns delay spread)

	Antenna configuration
	2x2 ULA Low

	Velocity
	3 km/h, 10 km/h

	PA Model
	None

	gNB PN Model
	None

	UE PN Model
	 Up to UE implementation

	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)

	MCS/TBS
	From MCS Table 1 (TS38.214): Up to MCS 20 (64QAM).

	NOH
	6

	Number of HARQ Processes
	8 for 120kHz and 16 for 480kHz SCS



Observation 2: Based on our simulation results in [3], the max MCS that satisfy the following criteria: Performance degradation due to PN is less than 1 dB with CPE compensation and considering an additional margin of 3 dB for RF impairments are 
· 120 KHz/100 MHz: MCS 17 with full RB allocation under TDLD30-200
· 480 KHz/400 MHz: MCS 13 with partial RB allocation of 32 under TDLD10-200

Proposal 4: Referring to Observation 2 and the Table in Observation 1, consider PDSCH test cases at 70% of the peak throughput for 120 kHz and 480 kHz SCS as follow
FR2-2 TDD, SCS 120 KHz/100 MHz, Metric: 70% Peak Throughput
	Test case
	CBW / SCS
(PRB)
	MCS and rank
	TDD UL/DL pattern
	Propagation condition
	Antenna configuration
	PN
Compensation
	SNR (dB) @ 70% of peak Throughput
	Reference from TS38.101-4 7.2.2.2.1-6

	1-1

	100MHz /                             120kHz
(66)
	QPSK, 0.30
Rank 1
	FR2.120-1
	TDLA30-650
                                                                                                                   
	2x2 ULA Low
	CPE
	[-2.9 + 3.0]
	R.PDSCH.5-1.1 TDD

	1-2

	100MHz / 120kHz
(66)
	16QAM, 0.48
Rank 1
	FR2.120-1
	TDLA30-200

	2x2 ULA Low
	CPE
	[4.8 + 3.0]
	R.PDSCH.5-2.1 TDD

	1-3

	100MHz / 120kHz
(66)
	64QAM, 0.43
Rank 1
	FR2.120-1
	TDLD30-200
	2x2 ULA Low
	CPE
	[4.7 + 3.0]
	R.PDSCH.5-3.2 TDD


FR2-2 TDD, SCS 480 KHz/400 MHz, Metric: 70% Peak Throughput
	Test case
	CBW / SCS
(PRB)
	MCS and rank
	TDD UL/DL pattern
	Propagation condition
	Antenna configuration
	PN
Compen-
sation
	SNR (dB) @ 70% of peak Throughput
	Reference from TS38.101-4 7.2.2.2.1-6

	2-1

	400MHz / 480kHz
(66)
	QPSK, 0.30
Rank 1
	FR2.480-1
	TDLA10-200
                                                                                                                   
	2x2 ULA Low
	CPE
	[-2.9 + 3.0]
	R.PDSCH.7-1.1 TDD

	2-2
	400MHz / 480kHz
(32)
	16QAM
0.48
Rank 1
	FR2.480-1
	TDLD10-200
	2x2 ULA Low
	CPE
	[1.0 + 3.0]
	R.PDSCH.7-2.1 TDD



Observation 3: Define PDSCH demodulation requirements for UE at 30% of the peak throughput using the following test setup.
	Assumptions
	Value

	Carrier Frequency [GHz]
	70 GHz

	Subcarrier Spacing [KHz]
	120 KHz

	Waveform
	CP-OFDM

	CP Type
	Normal CP

	Channel Model
	TDLA (30 ns delay spread) 

	Antenna configuration
	2x2 ULA Low

	Velocity
	3 km/h, 10 km/h

	PA Model
	None

	gNB PN Model
	None

	UE PN Model
	 Up to UE implementation

	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)

	MCS/TBS
	From MCS Table 1 (TS38.214): MCS 13

	NOH
	6

	Number of HARQ Processes
	16



Proposal 5: Referring to the Table in Observation 3, consider PDSCH test cases at 30% of the peak throughput using the following test setup.
FR2-2 TDD, SCS 120 KHz/100 MHz, Metric: 30% Peak Throughput
	Test number
	CBW / SCS
(PRB)
	MCS and rank
	TDD UL/DL pattern
	Propagation condition
	Antenna configuration
	PN
Compen-
sation
	SNR (dB) @ 30% of peak Throughput
	Reference from TS38.101-4 7.2.2.2.1-6

	3-1

	100MHz / 120kHz
(66)
	16QAM, 0.48
Rank 1
	FR2.120-1
	TDLA30-650                                                                                                                   
	2x2 ULA Low
	CPE
	[-1.3 + 3.0]
	R.PDSCH.5-2.1 TDD



Observation 4: Consider CBW1 = 100 MHz and nx100 MHz for 120 kHz SCS, and CBW2 = 400 MHz and nx400 MHz for 480 kHz SCS.

Proposal 6: Define PDSCH requirements for FR1+FR2-2 CA, with FR1 TDD 30 kHz SCS, for the following cases
· 100MHz/120KHz
· PDSCH requirements: FR1(40MHz, single CC) + FR2-2(100MHz, single CC). The RB allocation for FR2-2 CC is aligned with single CC requirements configuration.
· PDCCH requirements: FR1(40MHz, single CC) + FR2-2(100MHz, single CC).
· CQI requirements: FR1(40MHz, single CC) + FR2-2(100MHz, single CC). The RB allocation for FR2-2 CC is 66RBs
· 400MHz/480KHz
· PDSCH requirements: FR1(40MHz, single CC) + FR2-2(400MHz, single CC). The RB allocation for FR2-2 CC is aligned with single CC requirements configuration.
· PDCCH requirements: FR1(40MHz, single CC) + FR2-2(400MHz, single CC).
· CQI requirements: FR1(40MHz, single CC) + FR2-2(400MHz, single CC). The RB allocation for FR2-2 CC is 66RBs

Proposal 7: Use same PDSCH requirements of single CC for CA, where
· In case of SA, only single CC test cases will be considered.
· In case of NSA, UE will be tested considering CA configurations.


	R4-2219056
	Nokia, Nokia Shangai Bell
	
General and PDSCH Demodulation Requirements
Maximum testable SNR
1. Requirements for 120kHz/100MHz will not include MCS20 and 400MHz CBW.
1. Define the Extended maximum Testable SNR for reduced allocation as:
	
	CBW (MHz)/SCS(kHz)
	Num RBs
	Test method

	
	
	
	IFF

	Single band UE
	100/120
	66
	[9.8]

	
	
	32
	[13.2]

	
	400/480
	66
	[2.6]

	
	
	32
	[6.6]

	
	
	20
	[8.9]



PDSCH Requirements

RB allocation for 120kHz/100MHz for MCS 17 for 70% requirements
Observation 2: Using full allocation for MCS17 will have a SNR below the feasible SNR of [9.8]dB
Proposal 1: Use full RB allocation (66 RBs) for 120kHz/100Mhz SCS/CBW with MCS17 for 70% requirements.
RB allocation for 480kHz/400MHz for MCS 13 for 70% requirements
Observation 3: Based on our simulation results, both options seem fine for us with a preference for 32 RBs to cover most bandwidth.
Proposal 2: Define requirements for 480kHz/400MHz with MCS 13 using 32RBs.

PDSCH Requirements for CA

Bandwidth choice and test setup for FR1+FR2-2 CA requirements
Observation 4: We see, that defining requirements for 100MHz/120kHz and 400MHz/480kHz for FR1+FR2-2 CA will be aligned with the already agreed requirements to be defined for FR2-2 single CC.
Proposal 3: RAN4 to define requirements for FR1+FR2-2 CA with 100MHz/120kHz CBW/SCS and 400MHz/480kHz CBW/SCS. The configuration for FR1 is to be further discussed.

Applicability rule for FR1+FR2-2 CA requirements
Observation 5: Single CC requirements will be close to CA requirements, hence can be copied to CA (FR1+FR2-2) securing the same coverage for CA as for single CC. In addition, this will also reduce the simulation workload.
Proposal 4: To secure same test coverage for single CC and CA UEs and reduce simulation workload, all test cases from single CC shall be copied to CA.
Observation 6: Single CC and CA are two different features; hence no applicability rules should be defined between single CC and CA requirements.
Proposal 5: Do not define applicability rules between single CC and CA.
Configurations for FR1 CC for FR1+FR2-2 CA requirements
Observation 7: As CA is related to high throughput, it will in our view be valid to select a configuration for FR1 which has the highest CBW to ensure enough resources for control.
Proposal 6: RAN4 use FR1 configuration as 50MHz/15kHz CBW/SCS as baseline and discuss further the detailed configuration.
Test cases for FR1+FR2-2 CA requirements
Proposal 7: Reuse all test cases of single CC to define CA testcases.
How to define FR1+FR2-2 CA requirements
Observation 8: Performance loss should be negatable and compared to 2 single CC test, as such feasible. To save time directly use CC requirements.
Proposal 8: As we see no expected performance loss and to save time, apply the requirements of single CC to CA.

PDSCH Simulation Assumptions

Whether to schedule PDSCH in slots that contain TRS symbols during PDSCH testing
Observation 9: Current agreement is targeting simulation alignment only.
Observation 10: Feedback from TE vendors, if any, might change companies view on current agreement.
Whether the TE transmit TRS in the full CBW during PDSCH testing
Observation 11: As it was agreed in RAN4#104-bis-e to not multiplex PDSCH with TRS symbols, we see it acceptable to tentatively agree to transmit TRS in unallocated PRB for simulation alignment.
Proposal 9: If PDSCH is not scheduled in slots that contain TRS symbols, transmit RTS in unallocated PRBs.


	R4-2219502
	Huawei
	Proposal 1: Use table specified in option 2 as maximum DL testable SNR derivation. I.e. Use following table:
	
	CBW (MHz)/SCS(kHz)
	Num RBs
	Test method

	
	
	
	IFF

	Single band UE

	100/120
	66
	9.8

	
	
	32
	13.2

	
	400/480
	66
	2.6

	
	
	32
	6.6

	
	
	20
	8.9

	
	
	16
	10


Observation 1: Target SNR is larger than maximum testable SNR in following cases:
· 120kHz/100MHz, MCS17, TDLD-300
· 480 kHz/400MHz, MCS13. TDLD10-200
Proposal 2: Define FR2-2 PDSCH requirements for cases listed in Table 2-2.
Observation 2: For case with 120 kHz/100MHz, MCS17, TDLD30-200 that TRS is transmitted with full bandwidth and PDSCH is transmitted with 32RBs, it can be approximately equivalent to 41 RBs used for TRS and PDSCH transmission, the maximum testable SNR of which is 12.1dB, which leaves enough margin between impairment SNR and maximum testable SNR.
Observation 3: For case with 480kHz/400MHz, MCS17, TDLD30-200 that TRS is transmitted with full bandwidth and PDSCH is transmitted with 20RBs, it can be approximately equivalent to 32 RBs used for TRS and PDSCH transmission, the maximum testable SNR of which is 6.8 dB, which leads to the problem that impairment SNR is very closed to maximum testable SNR.
Proposal 3: For case with 120 kHz/100MHz, MCS17, TDLD30-200 (32RBs allocation), TRS is full bandwidth transmitted in PDSCH scheduled slot. For case with 480kHz/400MHz, MCS13, TDLD10-200(20RBs allocation), FFS for following candidate options:
· Option 1: Reduce the PDSCH RB allocation to 16RBs 
· Option 2: Not transmit PDSCH in TRS slot
· Option 3: Schedule same RB size for TRS and PDSCH.
Observation 4: The minimum bandwidth of FR2-2 CC is 400MHz for CA configuration “FR1(Single CC)+FR2-2(Single CC)” . Option 2 for 120kHz SCS conflict the RF agreements.
Observation 5: CA_n48A-n263A is the simplest CA configuration among all FR1+FR2-2 CA configurations. Meanwhile, 40MHz+400MHz is the most typical CA configuration regarding to all bandwidth combination of CA_n48A-n263A which will be supported by every UE.
Proposal 5: RAN 4 to choice following bandwidth configuration to define FR1+FR2-2 CA requirements:
· FR1 single CC with 40MHz+FR2-2 single CCs with 400MHz
Proposal 6: Considering following scheduling and feedback pattern for FR1+FR2-1 CA requirements:
· For FR1+FR2-2 with 120kHz SCS, PDSCH is scheduled in slot 0,1,2,3,5,6,7,8 in every 40 slots of FR2-2 considering 8 HARQ processes is assumed. HARQ-ACK is transmitted in slot 8 every 10 slots of FR1.
· For FR1+FR2-2 with 480kHz SCS, PDSCH is scheduled in slot 0~14 and slot 20 in every 160 slots of FR2-2 considering 16 HARQ processes is assumed. HARQ-ACK is transmitted in slot 8 every 10 slots of FR1.
Observation 6: There is negligible difference of performance between CA and single CC.
Proposal 7: Apply the requirements of single CC to CA.
Proposed 8: Use parameters listed in Table 2-4 for Pcell CC for CA test.


	R4-2219838
	Qualcomm
	Proposal 1: Use the Maximum DL testable SNR in Table 1 in this contribution as reference for the definition of the requirements;
Observation 1: Maximum testable SNRs are computed independently from SCS;
Observation 2: PDSCH Requirement tables will list combinations of CBW, SCS and RB allocation size;
Proposal 2: Do not include SCS details in the maximum DL testable SNR at this stage of the WI, because values are applicable to all SCS values that can be configured with the respective CBW. The applicability of reduced RB sizes to different SCSs should be included in the PDSCH requirements table. 
Proposal 3: For 120kHz/100MHz with MCS 17, use 32RB allocation;
Proposal 3: For 480kHz/400MHz with MCS 13, use 20RB allocation;
Proposal 3: For PDSCH Requirements with reduced RB allocation, define a test setup with TRS not multiplexed with PDSCH and TRS transmission on the full CBW (including unallocated RBs);
Observation 3: Regarding FR1 + FR2-2 CA requirements, RAN4 will not specify 400MHz requirements for 120kHz SCS in this release. 
Observation 4: Regarding FR1 + FR2-2 CA requirements, there are no RF CA combinations specified for FR1 + FR2-2 CA with 100MHz CCBW for FR2-2. 
Proposal 3: RAN4 to not introduce dedicated FR1+FR2-2 CA demodulation requirements in Release 17, further discuss test setup to ensure testability of UEs that do not support standalone FR2-2 operations;


	R4-2218308
	Ericsson
	In this paper, we provided some initial simulation results that should help in the definition of the PDSCH requirements. In the following, some useful observations that can be further discussed.
Observation 1: Referring to Table 1.1, and considering SCS/CBW = 120 KHz/100 MHz with full PRB allocation for MCS (4, 13 and 17) and CPE for PN compensation, we note that
MCS 4, MCS 13 and MCS 17 are testable using full RB allocation under the agreed propagation environments and considering a margin of 3 dB for RF impairments.

Observation 2: Referring to Table 2.1, and considering SCS/CBW = 480 KHz/400 MHz with full and partial PRB allocation for MCS 4 and 13, respectively, with CPE for PN compensation, we note that
•	MCS 4 is testable using full RB allocation under TDLA10-200 and considering a margin of 3 dB for RF impairments.
•	MCS 13 is testable using partial RB allocation of 32 under TDLD10-200 and considering a margin of 3 dB for RF impairments.

Observation 3: As a general conclusion, the max MCS that satisfy the following criteria: Performance degradation due to PN is less than 1 dB with CPE compensation are 
•	120 KHz/100 MHz: MCS 17 with full RB allocation under TDLD30-200
•	480 KHz/400 MHz: MCS 13 with partial RB allocation of 32 under TDLD10-200

Observation 4: Referring to Table 3.1, when considering performance metric at 30% of the peak throughput, for 120 KHz/100 MHz and 480 KHz/400 MHz using MCS 13, it has been noted that
•	120 kHz/100 MHz: MCS 13 is testable under TDLA30-650 at 30% of peak throughput using full RB allocation and considering a margin of 3 dB for RF impairments.

	R4-2219057
	Nokia
	In this document we have provided our simulation results for PDSCH based on the agreed simulation assumptions and test cases

	R4-2219503
	Huawei, HiSilicon
	In this paper, we provide our simulation results for FR2-2 PDSCH.

	R4-2219839
	Qualcomm
	Alignment and Impairment SNR results for FR2-2 PDSCH demodulation requirements are included in this contribution.



Open issues summary
Sub-topic 1-1: General
Issue 1-1-1: Extended maximum Testable SNR for reduced allocation
· Proposals
· Option 1: (Apple, Ericsson)
	
	CBW (MHz)
	Num RBs
	Test method

	
	
	
	IFF

	Single band UE

	100
	66
	[9.8]

	
	
	[32]
	[13.2]

	
	400
	66
	[2.6]

	
	
	[32]
	[6.6]

	
	
	[20]
	[8.9]


· Option 2: (Nokia)
	
	CBW (MHz)/SCS(kHz)
	Num RBs
	Test method

	
	
	
	IFF

	Single band UE
	100/120
	66
	[9.8]

	
	
	32
	[13.2]

	
	400/480
	66
	[2.6]

	
	
	32
	[6.6]

	
	
	20
	[8.9]


· Option 3 (Huawei):
	
	CBW (MHz)/SCS(kHz)
	Num RBs
	Test method

	
	
	
	IFF

	Single band UE

	100/120
	66
	9.8

	
	
	32
	13.2

	
	400/480
	66
	2.6

	
	
	32
	6.6

	
	
	20
	8.9

	
	
	16
	10


· Option 4: Use table below and do not include SCS details (Qualcomm)
Table 1: Extended Maximum DL testable SNR preliminary extension for band n263
	
	CBW (MHz)
	Num RBs
	Test method

	
	
	
	IFF

	Single band UE

	100
	66
	9.8

	
	
	32 
	[13.2]

	
	400
	66
	2.6

	
	
	20
	[8.9]



· Recommended WF
· TBA

Sub-topic 1-2: PDSCH Requirements
Issue 1-2-1: RB allocation for 120kHz/100MHz for MCS 17 for 70% requirements
· Proposals
· Option 1: 32RBs (Apple, Huawei, Qualcomm);
· Option 2: 66RBs (Ericsson, Nokia);
· Recommended WF
· TBA

Issue 1-2-2: RB allocation for 480kHz/400MHz for MCS 13 for 70% requirements
· Proposals
· Option 1: 20RBs (Apple, Huawei, Qualcomm);
· Option 2: 32RBs (Ericsson, Nokia);
· Recommended WF
· TBA

Issue 1-2-3: Whether to reduce PDCCH CORESET BW for PDSCH Requirements with reduced PRB Allocation
· Proposals
· Option 1: Reduce PDCCH CORESET BW if larger than PDSCH RB allocation (Apple)
· Option 2: Do not reduce PDCCH CORESET BW;
· Recommended WF
· TBA

Issue 1-2-4: PDCCH Configuration for PDSCH Requirements with PDSCH Allocation=32RBs;
· Proposals
· Option 1: CORESET BW=30PRB, Duration = 1Sym, AL=4 (Apple);
· Option 2: TBA;
· Recommended WF
· TBA

Issue 1-2-5: PDCCH Configuration for PDSCH Requirements with PDSCH Allocation=20RBs;
· Proposals
· Option 1: CORESET BW=18PRB, Duration = 2Sym, AL=4 (Apple);
· Option 2: TBA;
· Recommended WF
· TBA

Issue 1-2-6: Margin for RF Impairments for the PDSCH Demodulation Requirements
· Proposals
· Option 1: 3dB (Ericsson)
· Option 2: Up to UE Implementation;
· Recommended WF
· TBA

Issue 1-2-7: Whether the TE transmit TRS in the full CBW during PDSCH testing with Reduced RB allocation
· Proposals
· Option 1: Do not multiplex PDSCH with TRS and transmit full CBW TRS (including unallocated PRBs) (Nokia, Qualcomm);
· Option 2: Multiplex Full Band TRS + 32RB PDSCH for 120kHz, while for 480kHz: (Huawei);
· Sub-Option 2a: Schedule Full BW TRS if PDSCH is not multiplexed with TRS;
· Sub-Option 2b: Schedule Full BW TRS + 16RBs PDSCH;
· Sub-Option 2c: Schedule TRS + PDSCH with same RB size;
· Recommended WF
· TBA


Sub-topic 1-3: PDSCH Requirements with CA
Issue 1-3-1: Scope of CA Requirements for FR1+FR2-2
· Proposals
· Option 1: Reuse single carrier requirements (Apple, Ericsson, Huawei, Nokia); 
· Option 1b: Do not introduce CA requirements for cases not covered by Single carrier requirements (Apple);
· Option 2: Reuse single carrier requirements and apply all single CC test cases to CA; (Nokia);
· Option 3: Do not introduce CA requirements for FR1 + FR2-2. Further discuss test setup for UEs that do not support standalone FR2-2 operations (Qualcomm)

· Recommended WF
· TBA

Issue 1-3-2: BW Configuration for FR2-2 Carrier for CA Requirements
· Proposals
· Option 1: Reuse Single Carrier BW configuration (Apple);
· Option 2: TBA

· Recommended WF
· TBA

Issue 1-3-3: Configuration for FR1 Carrier for CA Requirements
· Proposals
· Option 1: 50MHz/15kHz as baseline, discuss details (Nokia);
· Option 2: Table below (Huawei);
· Table 2-4: Proposed test parameters for Pcell CC
	Parameter
	Unit
	Value

	Duplex mode
	
	TDD

	Bandwidth
	MHz
	40

	Subcarrier spacing
	kHz
	30

	TDD pattern
	
	7D1S2U S=6D:4S:4U

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2 

	
	Resource allocation type
	
	Type 0

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Dmrs-AdditionalPosition
	
	pos1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	Number of HARQ Processes
	
	8 

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	See FR1.30-1 as defined in Annex A.1.2




· Recommended WF
· TBA

Issue 1-3-4: Applicability rule for FR1+FR2-2 CA requirements
· Proposals
· Option 1 (Previous WF, Apple, Ericsson) 	
· Copy all cases of single CC to CA and define applicability rules as follows:
· If UE support standalone operation, UE can only be tested cases with single CC.
· If UE don’t support standalone operation, UE can only be tested cases with CA
· Option 2: Do not define an applicability rule (Nokia);

· Recommended WF
· TBA

Issue 1-3-5: Scheduling and feedback pattern for FR1+FR2-2 CA Requirements
· Proposals
· Option 1 (Huawei): Considering following scheduling and feedback pattern for FR1+FR2-1 CA requirements:
· For FR1+FR2-2 with 120kHz SCS, PDSCH is scheduled in slot 0,1,2,3,5,6,7,8 in every 40 slots of FR2-2 considering 8 HARQ processes is assumed. HARQ-ACK is transmitted in slot 8 every 10 slots of FR1.
· For FR1+FR2-2 with 480kHz SCS, PDSCH is scheduled in slot 0~14 and slot 20 in every 160 slots of FR2-2 considering 16 HARQ processes is assumed. HARQ-ACK is transmitted in slot 8 every 10 slots of FR1.

· Recommended WF
· TBA


Issue 1-3-6: Bandwidth choice and test setup for FR1+FR2-2 CA requirements for PDSCH
· Proposals
· Option 1: FR1(40MHz, single CC) + FR2-2(400MHz, single CC). The RB allocation for FR2-2 CC is aligned with single CC requirements configuration (Huawei);
· Option 2: FR1(40MHz, single CC) + FR2-2 (single CC, 100MHz for 120kHz SCS and 400MHz for 480kHz SCS). The RB allocation for FR2-2 CC is aligned with single CC requirements configuration; (Apple, Ericsson);
· Recommended WF
· TBA



Issue 1-3-7: Bandwidth choice and test setup for FR1+FR2-2 CA requirements for PDCCH
· Proposals
· Option 1: FR1(40MHz, single CC) + FR2-2 (400MHz, single CC) (Huawei);
· Option 2: FR1(40MHz, single CC) + FR2-2 (single CC, 100MHz for 120kHz SCS and 400MHz for 480kHz SCS); (Apple, Ericsson)
· Recommended WF
· TBA


Issue 1-3-8: Bandwidth choice and test setup for FR1+FR2-2 CA requirements for CQI
· Proposals
· Option 1: FR1(40MHz, single CC) + FR2-2(400MHz, single CC). The RB allocation for FR2-2 CC is 66RBs (Huawei);
· Option 2: FR1(40MHz, single CC) + FR2-2 (single CC, 100MHz for 120kHz SCS and 400MHz for 480kHz SCS). The RB allocation for FR2-2 CC is 66RBs (Ericsson);
· Option 3: FR1(40MHz, single CC) + FR2-2 (single CC, 100MHz for 120kHz SCS). The RB allocation for FR2-2 CC is 66RBs; No CA CQI reporting for 480KHz SCS. (Apple);

· Recommended WF
· TBA



Topic #2: PDCCH and PBCH Demodulation Requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218181
	Apple
		Proposal #1 Introduce PBCH demod requirements with 120KHz SCS with TDLA30-200 propagation channel. 

	R4-2218309
	Ericsson
	Proposal 1: Define PDCCH demodulation requirements for UE in FR2-2 with the following test setup.
	Test num
	CBW
(MHz)
/ SCS (kHz)
	Interleaver
size
	REG bundle size
	CORE
SET 
RB
	CORE
SET duration
	Aggrega-tion level
	Propagation condition
	Antenna config
	DCI
format
	Info
Bit
	SNRBB (dB) @ 1% 
Pm-dsg

	1
	100/
120
	3

	2
	60
	1
	2
	TDLA30-200
	1x2 ULA Low
	1_0
	40
	[3.5 + 3.0]

	2
	100/
120
	2
	6
	60
	1
	4
	TDLA30-650
	1x2 ULA Low
	1_1
	56
	[1.14 + 3.0]

	3
	100/
120
	3
	2
	60
	1
	8
	TDLA30-200
	2x2 ULA Low
	1_1
	56
	[-2.3 + 3.0]

	4
	100/
120
	3
	2
	60
	2
	16
	TDLA30-650
	2x2 ULA Low 
	1_0
	40
	 [-6.2 + 3.0]            

	5
	400/
480
	2
	6
	60
	1
	4
	TDLD10-200
	1x2 ULA Low
	1_1
	56
	[-1.5 + 3.0]

	6
	400/
480
	2
	6
	60
	1
	8
	TDLA10-200
	1x2 ULA Low
	1_1
	56
	[-1.49 + 3.0]

	7
	400/
480
	3
	2
	60
	2
	16
	TDLA10-200
	2x2 ULA Low
	1_0
	40
	[-6.35 + 3.0]



Proposal 2: As per our simulation results, TDLA10-200 is not applicable for 400 MHz/480 kHz with AL4. We can replace it by TDLD10-200, as shown in the Table below
SCS 480 kHz/CBW 400 MHz
	Test case
	Interleaver
Size
	REG bundle size
	CORE
SET 
RB
	CORE
SET duration
	Aggre-gation level
	Antenna config
	DCI format
	Infor Bit
	Propagation condition
	SNR (dB)
@ 1% BLER

	Test
1-5
	2
	6
	60
	1
	4
	1x2 ULA Low
	1_1
	56
	TDLA10-200
	1.27

	
	
	
	
	
	
	
	
	
	TDLD10-200
	-1.5



Proposal 3: Define PBCH demodulation requirements with the following test setup 
	Test number
	SCS/CBW
	Antenna configuration
	Propagation condition
	PBCH SNR (dB) 
@ 1% Pm-bch
	SS/PBCH block index                       

	1-1
	120kHz/100MHz
	
1x2 Low
	TDLA30-650
	[-6.95 + 3.0]
	Unknown

	1-2
	480kHz/400MHz
	
	TDLA10-200
	[-6.36 + 3.0]
	Unknown




	R4-2219058
	Nokia
	PBCH Requirements Table
Observation 1: Based on our simulation results, we see it feasible to select propagation condition of TDLA30-650 to align with other requirement agreements on propagation conditions for FR2-2 with 120kHz/100MHz SCS/CBW.
Proposal 1: Use TDLA30-650 for 120kHz/100MHz SCS/CBW requirements.

	R4-2218310
	Ericsson
	In this paper, we carried out simulations for PDCCH and PBCH in FR2-2. Here we propose some observations that need further discussions:
Observation 1: For SCS 120 KHZ/CBW 100 MHz and referring to the max DL testable SNR at [9.8] dB, and considering an additional margin of 3 dB for RF impairments, we note that the proposed SNR levels are adequate to the defined parameters.
Observation 2: For SCS 480 kHZ/CBW 400 MHz and referring to the max DL testable SNR at [2.6] dB, and considering an additional margin of 3 dB for RF impairments, we note that the proposed SNR levels are adequate to the defined parameters, except for AL4 under TDLA10-200.
Observation 3: Pm-bch is derived in terms of BLER for every MIB (4 SSB Transmissions).
Observation 4: The reference SNRs for 120 KHz and 480 KHz SCS, where the SS/PBCH index is unknown, have been provided. These values confirm their conformance with the max DL testable SNR levels set at [9.8] dB and [2.6] dB, respectively.

	R4-2219059
	Nokia
	In this document we have provided our simulation results for PDCCH and PBCH based on the agreed simulation assumptions and test cases

	R4-2219504
	Huawei, HiSilicon
	In this paper, we updated the simulation results for PDCCH.

	R4-2219840
	Qualcomm
	Alignment and Impairment SNR results for FR2-2 PDCCH and PBCH demodulation requirements are included in this contribution.




The moderator can suggest a limited number of papers which could be presented.
Open issues summary
Sub-topic 2-1: PDCCH Demod Requirements
Issue 2-1-1: Channel Model for FR2-2 PDCCH Requirements Test #5 (480kHz SCS, AL4);
· Proposals
· Option 1: TDLA10-200 (Previous WF);
· Option 2: TDLD10-200 (Ericsson);
· Recommended WF
· TBA

Sub-topic 2-2: PBCH Demod Requirements
Issue 2-2-1: Channel Model for FR2-2 PBCH Requirements Test 1-1 (120kHz SCS);
· Proposals
· Option 1: TDLA30-200 (Apple);
· Option 2: TDLA30-650 (Ericsson, Nokia);
· Recommended WF
· TBA

Topic #2: CSI Performance Requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218182
	Apple
	Proposal #1: Introduce CQI reporting requirements with rank 1 for FR2-2, in line with PDSCH demod requirements. 
Observation #1: It would not be impractical to introduce CQI reporting requirements at SNR ≥ 10dB given testable 
SNR limitation. 
Observation #2: CQI corresponding to 64QAM is reported at SNR ≥ 10dB for rank 1 and at SNR ≥ 13 dB for rank 2. 
Proposal #2: Do not introduce requirements for SNR corresponding to CQI reported for 64QAM due to testable SNR limitation. 
Proposal #3: Introduce CQI reporting requirements in FR2-2 at SNR points 0/1 dB for QPSK and 6/7 dB for 16QAM with rank 1.

	R4-2218311
	Ericsson
	Observation 1: Following RAN1 and RAN4 PDSCH agreements where only Rank 1 has been considered, our view is to define CQI reporting with Rank 1 where 64QAM can be considered.

Proposal 1: Define the CQI reporting definition test for 2Rx UE with CQI table 1 (64QAM), see Appendix A.1, by reusing the existing test setup and metrics for SCS 120 KHz/100 MHz with Rank 1. 
•	Consider PN with CPE compensation only.
•	Tx EVM = 6%
•	Test points: 
o	SNR = 8/9 dB for 64 QAM
o	SNR = 2/3 dB for 16QAM.
o	SNR = -2/-1 dB for QPSK.

Observation 2: Some companies raised the interest to consider CQI reporting with Rank 2 following FR2-1. In the following Proposal we show that only 16QAM can be considered.  

Proposal 2: Define the CQI reporting definition test for 2Rx UE with CQI table 1 (64QAM), see Appendix A.1, by reusing the existing test setup and metrics for SCS 120 kHz/100 MHz with Rank 2. 
•	Consider PN with CPE compensation only.
•	Tx EVM = 6%.
•	Test points: 
o	SNR = 5/6 dB for 16QAM
o	SNR = -2/-1 dB for QPSK.

Proposal 3: We prefer considering CQI reporting under static conditions and considering Rank 1 only for the following reason
•	Align with RAN1 conclusions
•	Consider 64QAM.

	R4-2219061
	Nokia
	Rank to use for the definition of CQI Requirements
Observation 1: To our understanding, simulation results up till now has been provided with Rank 1.
Proposal 1: Define CQI requirements using Rank 1.
Whether to define CQI requirements including 64QAM
Observation 2: Maximum feasible SNR for CQI requirements is 8/9dB.
Observation 3: Using 8/9dB SNR will based on our simulations result in CQI Index of 7/8, which is in the 16QAM range, hence 64QAM is not feasible.
Proposal 2: Define CQI requirements up to 16QAM
SNR Test points for 64QAM
Observation 4: Maximum feasible SNR for CQI requirements is 8/9dB.
Observation 5: Using 8/9dB SNR will based on our simulations result in CQI Index of 7/8, which is in the 16QAM range, hence 64QAM is not feasible.
Proposal 3: Do not define requirements for 64QAM.
SNR Test points for 16QAM
Observation 6: Maximum feasible SNR for CQI requirements is 8/9dB.
Proposal 4: Define SNR test points for 16QAM as 8/9dB
SNR Test points for QPSK
Observation 7: Both -2/-1dB and 0/1dB will result in QPSK being selected, hence we have no preference for either.


	R4-2219505
	Huawei
	In the last meeting, we provide our views on remain issues on CQI reporting requirements for FR2-2. The proposals are:
Proposal 1: Define FR2-2 CQI requirements for rank 2.
Proposal 2: Set SNR value to -2/-1 dB for QPSK and 8/9 dB for 16QAM.

	R4-2219842
	Qualcomm
	Observation 1: For the purposes of CQI Requirements in FR2-2, consider Max SNR = 9.8dB;
Proposal 1: For the definition of CQI Requirements, R4 should use Rank 2;
Proposal 2: For the definition of CQI Requirements, R4 should not consider 64QAM;
Proposal 3: For 16QAM CQI Requirements, we support using 8/9 dB Test Points;
Proposal 4: For 16QAM CQI Requirements, we support using 0/1 dB Test Points;

	R4-2218312
	Ericsson
	Observation 1: The results show that the lowest SNR to report efficiently a CQI with Rank 1 related to 
•	64QAM is at SNR = 8/9 dB (CQI 10).
•	16QAM is at SNR = 2/3 dB (CQI 7).
•	QPSK is at SNR = -5/-4 dB (CQI 3).
Observation 2: The results show that the lowest SNR to report efficiently a CQI with Rank 2 related to 
•	16QAM is at SNR = 5/6 dB (CQI 7).
•	QPSK is at SNR = -5/-4 dB (CQI 3).

	R4-2219062
	Nokia
	In this document we have provided our simulation results for CQI.

	R4-2219506
	Huawei, HiSilicon
	In this paper we provide our simulation results for FR2-2 CQI requirements.




Open issues summary
Sub-topic 3-1: CQI Requirements
Issue 3-1-1: Rank to use for CQI Reporting requirements;
· Proposals
· Option 1: Rank 1 (Apple, Ericsson, Nokia);
· Option 2: Rank 2 (Huawei, Qualcomm);
· Recommended WF
· TBA

Issue 3-1-2: Whether to define CQI requirements including 64QAM
· Proposals
· Option 1: No (Apple, Nokia, Qualcomm, Huawei);
· Option 2: Yes (Ericsson);
· Recommended WF
· TBA

Issue 3-1-3: SNR Test point for 64QAM, if agreed
· Proposals
· Option 1: 8/9, Rank 1 (Ericsson);
· Recommended WF
· TBA

Issue 3-1-4: SNR Test point for 16QAM
· Proposals
· Option 1: 6/7dB, Rank 1 (Apple);
· Option 2: 2/3dB, Rank 1 (Ericsson, preferred);
· Option 3: 8/9dB, Rank 1 (Nokia);
· Option 4: 8/9dB, Rank 2 (Huawei, Qualcomm);
· Option 5: 5/6dB, Rank 2 if agreed; (Ericsson);
· Recommended WF
· TBA

Issue 3-1-5: SNR Test point for QPSK
· Proposals
· Option 1: 0/1dB, Rank 1 (Apple, Nokia);
· Option 2: -2/-1dB, for both Rank 1 and 2 (Ericsson, Nokia, Huawei);
· Option 3: 0/1dB, Rank 2 (Qualcomm);
· Recommended WF
· TBA

