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Background
As per [1], RAN 4 left many open issues for FR2-2 PDSCH demodulation requirements. In this paper, we provide our views on these open issues.
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Scheduling pattern for CA scenario
Based on the given FR1+FR2-2 CA configurations, all FR1 PCells are specified for TDD mode, we propose to configure one carrier for FR1 band with 7D1S2U 30kHz SCS which are typical configurations. Meanwhile, HARQ feedback is transmitted on FR1 carrier.
Proposal 2: Configure following parameters for FR1 Pcell:
· TDD
· 30kHz SCS with 7D1S2U
· All HARQ feedback should be transmitted on UL slot of FR1 carrier 

TDL Channel Model and RMS Delay Spread 
Options for this issue are listed as below:
	· RAN4 will specify demodulation requirements covering TDL-A10 (baseline) and TDL-D10 (for specific test cases)
· FFS whether TDL-A20 needed or not 



Based on our understanding, FR2-2 bands always applicable for static environment, so 10ns RMS is enough for requirements definition. Moreover, RAN 4 always use simplified TDL channel instead of the model defined in TS 38.901 which means extra simplification work will be needed if TDL-A20 is agreed. Therefore, we suggest to not consider TDL-A20.
Observation 2: Extra simplification work will be needed if TDL-A20 is agreed.
Proposal 3: Not consider TDL-A20.

Max Doppler 
Options for this issue are listed as below:
	· TDL-D with 200Hz Max doppler
· TDL-A channel:
· Option 1: 200Hz
· Option 2: 650Hz
· Option 3: both 200Hz, and 650Hz


Based on our simulation results, 250Hz and 650Hz has same performance. We don’t think it is necessary to define separate cases for different Doppler spread. We suggest to only consider 200Hz SCS
Proposal 4: Only consider 200Hz doppler spread.

1600 MHz CBW for 480 kHz SCS
One issue is whether to consider 1600MHz CBW for 480 kHz SCS:
	· Option 1: Yes
· Option 2: No



We suggest to not consider 1600MHz CBW because of following reasons:
· The maximum testable SNR for 480kHz/1600MHz is quite low  (<-20dB) which means this configuration is meaningless 

· According to latest version of TS 38.101-1[2], 1600MHz is optional for UE supporting 480kHz SCS
  
Proposal 5: Not consider 960kHz and 1600MHz CBW for 480kHz SCS.

MCS for 64QAM
Phase noise has great impact on performance for MCS related to 64QAM. Even phase noise is modelled in the simulation for demodulation requirements. However, phase noise is unpredictable in the real test environment. That is why we choose one optimal FRC (MCS)  to minimize the phase noise impact. In Rel-15, we choose the max MCS which satisfies that performance degradation due to phase noise is less than 1dB. We suggest to reuse this procedure in FR2-2 requirements definition.
Proposal 6: For PDSCH requirements definition with 64QAM, RAN 4 to select max MCS to satisfy that performance degradation due to phase noise is less than 1dB. I.e. MCS 17
Based on our simulation results in appendix, only MCS17 is feasible.  Meanwhile, the max testable SNR defined by RF part should also be considered. The maximum DL testable SNR for different allocation is captured in Table 2-1:
Table 2-1: Maximum DL testable SNR for different allocations
	SCS, kHz
	Allocation size, PRB
	Maximum DL testable SNR

	120
	264
	[-0.6]

	
	132
	[4.1]

	
	66 
	[7.7]

	
	33
	[11]

	
	30
	[11.5]

	
	16
	[14.3]

	480
	264
	< -20 (NOTE 1)

	
	132
	[-14.5]

	
	66
	[-0.6]

	
	33
	[4.1]

	
	16
	[7.9]

	
	7
	[11.5]

	960
	165
	< -20 (NOTE 1)

	
	132
	< -20 (NOTE 1)

	
	66
	[-14.5]

	
	33
	[-0.6]

	
	16
	[4.2]



Comparing simulation results and maximum DL testable SNR, we have following observation for testability:
· For 120 kHz SCS, the target SNR related to MCS17 is larger than maximum DL testable SNR.
· For 480 kHz SCS, the target SNR related to MCS 13 and MCS 17 are larger than maximum DL testable SNR

Observation 3, we have following observation for testability.
· For 120 kHz SCS, the target SNR related to MCS17 is larger than maximum DL testable SNR.
· For 480 kHz SCS, the target SNR related to MCS 13 and MCS 17 are larger than maximum DL testable SNR

Based on our understanding, the maximum DL testable SNR depends on RB allocation. Hence we can use partial bandwidth allocation for test setup to make defined cases testable. We provide following options to solve this problem:
· Option 1 (1st priority): Define requirements with full bandwidth allocation. I.e. (66RBs for both 120kHz/100MHz and 480kHz/400MHz). Define the test setup as following: The number of allocated RB should be the maximum number of RB related to maximum testable SNRBB declared by TE vendor and the tested RB should be put on centre of the tested carrier

· Option 2 (2nd priority): Define requirements with partial bandwidth allocation. Take following configurations as an example:

· 120kHz/100MHz: MCS 4 and 13: Configure 66 RBs 
· 120kHz/100MHz: MCS 17:  Configure 33 RBs
· 480kHz/400MHz: MCS4: Configure 66RBs 
· 480kHz/400MHz: MCS13 rank 1: Configure 16RBs 

· Option 3: (3rd priority): Define requirements and test setup with full bandwidth allocation, not consider testability like PBCH requirements definition.
Proposal 7: Consider following options to make test cases testable:
· Option 1 (1st priority): Define requirements with full bandwidth allocation. I.e. (66RBs for both 120kHz/100MHz and 480kHz/400MHz). Define the test setup as following: The number of allocated RB should be the maximum number of RB related to maximum testable SNRBB declared by TE vendor and the tested RB should be put on centre of the tested carrier

· Option 2 (2nd priority): Define requirements with partial bandwidth allocation. Take following configurations as an example:
· 120kHz/100MHz: MCS 4 and 13: Configure 66 RBs 
· 120kHz/100MHz: MCS 17:  Configure 33 RBs
· 480kHz/400MHz: MCS4: Configure 66RBs 
· 480kHz/400MHz: MCS13 rank 1: Configure 16RBs 

· Option 3: (3rd priority): Define requirements and test setup with full bandwidth allocation, not consider testability like PBCH requirements definition.

Whether to define requirements at 30% of peak throughput
30% of peak throughput is defined for verifying supporting number of maximum HARQ processes and HARQ combination. We don’t think it is necessary because 16 HARQ processes has been specified in 480 kHz SCS cases. 
Proposal 8: Not to define requirements at 30% of peak throughput 

Whether to define Rank1 requirements with FD-OCC disabled
	· Option 1: Yes 
· Nokia: It is not clear if the feature “FD-OCC-Disabled” is mandatory. If it is mandatory, define the requirements. If it is optional, only define the requirements if  >1dB performance difference compared to enabling FD-OCC.
· Option 2: No



This feature is used for avoid non-orthogonality of two signals in same CDM group. According to our simulation results in [3], we can observe that performance gain is significant only for 960 kHz, high SCS and large RMS delay spread. As we suggest to not define the requirements for 960 kHz SCS, hence we propose to not verify PDSCH requirements for FD-OCC disabled.
Proposal 9: Not define rank 1 requirements with FD-OCC disabled

Whether to define requirements with Rank2
	· Option 1: Yes
· Option 2: No
· Option 3: Decide based on simulation results.



Based on our simulation results, the target SNR for case with Rank2+TDLD MCS13 is closed to case with Rank1+TDLD MCS17. Hence we think it is feasible to define the requirements with rank2.
Proposal 10: Define the requirements with rank 2+TDLD+MCS13

HARQ feedback 
For 480kHz SCS, there is at least 4 bit HARQ information transmitted on one PUCCH, in order to guarantee the performance of PUCCH and reduce the HARQ codebook size, we propose to enable HARQ bundling. I.e. HARQ bundling 4 for 480 kHz SCS. Meanwhile, we propose to use type-1 HARQ-ACK codebook to reduce the complexity.
Proposal 12: Use type 1 HARQ-ACK codebook and HARQ bundling 4 for 480 kHz SCS 

Proposed cases
According to the analysis above, we capture the proposed cases in Table 2-2:
Table 2-2: Proposed cases
	CBW(MHz) / SCS (kHz)
	MCS/Rank
	Channel Model
	Antenna Configuration and Correlation Matrix
	% of peak thpt

	100/120
	MCS4/Rank1
	TDLA10-200
	2x2 ULA Low
	70

	100/120
	MCS13/Rank1
	TDLA10-200
	2x2 ULA Low
	70

	100/120
	MCS13/Rank2
	TDLD10-200
	2x2 ULA Low
	70

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

	400/480
	MCS4/Rank1
	TDLA10-200
	2x2 ULA Low
	70

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

	400/480
	MCS13/Rank2
	TDLD10-200
	2x2 ULA Low
	70

	400/480
	MCS17/Rank1
	TDLD10-200
	2x2 ULA Low
	70



Proposal 13: Use cases in Table 2-2 for requirements definition.
Conclusion
In this paper, we provide our views on FR2-2 PDSCH requirements definition. The proposals and observations are:
Observation 1: RF part only defined CA scenarios with CA_n41-n263, CA_n77-n263 and CA_n79-n263 but not defined DC scenarios for FR1+FR2-2 
Proposal 1: RAN4 to consider following scenarios for FR2-2 requirements definition:
· Single carrier
· FR1+FR2-2 CA scenarios
Proposal 2: Configure following parameters for FR1 Pcell:
· TDD
· 30kHz SCS with 7D1S2U
· All HARQ feedback should be transmitted on UL slot of FR1 carrier 
Observation 2: Extra simplification work will be needed if TDL-A20 is agreed.
Proposal 3: Not consider TDL-A20.
Proposal 4: Only consider 200Hz doppler spread.
Proposal 5: Not consider 960kHz and 1600MHz CBW for 480kHz SCS.
Proposal 6: For PDSCH requirements definition with 64QAM, RAN 4 to select max MCS to satisfy that performance degradation due to phase noise is less than 1dB. I.e. MCS 17
Observation 3, we have following observation for testability.
· For 120 kHz SCS, the target SNR related to MCS17 is larger than maximum DL testable SNR.
· For 480 kHz SCS, the target SNR related to MCS 13 and MCS 17 are larger than maximum DL testable SNR
Proposal 7: Consider following options to make test cases testable:
· Option 1 (1st priority): Define requirements with full bandwidth allocation. I.e. (66RBs for both 120kHz/100MHz and 480kHz/400MHz). Define the test setup as following: The number of allocated RB should be the maximum number of RB related to maximum testable SNRBB declared by TE vendor and the tested RB should be put on centre of the tested carrier
· Option 2 (2nd priority): Define requirements with partial bandwidth allocation. Take following configurations as an example:
· 120kHz/100MHz: MCS 4 and 13: Configure 66 RBs 
· 120kHz/100MHz: MCS 17:  Configure 33 RBs
· 480kHz/400MHz: MCS4: Configure 66RBs 
· 480kHz/400MHz: MCS13 rank 1: Configure 16RBs 
· Option 3: (3rd priority): Define requirements and test setup with full bandwidth allocation, not consider testability like PBCH requirements definition.
Proposal 8: Not to define requirements at 30% of peak throughput 
Proposal 9: Not define rank 1 requirements with FD-OCC disabled
Proposal 10: Define the requirements with rank 2+TDLD+MCS13
Observation 4: ICI compensation only bring 0.2dB performance gain under following condition:
· Phase noise model set2 only modelled in RX side
· MCS 22 
Proposal 11: Only consider CPE compensation.
Proposal 12: Use type 1 HARQ-ACK codebook and HARQ bundling 4 for 480 kHz SCS 
Proposal 13: Use cases in Table 2-2 for requirements definition.
Appendix 
Table 4-1: Common Simulation assumptions for FR2-2 PDSCH requirements
	Parameter
	Unit
	Value

	Duplex mode
	
	TDD

	TDD pattern
	
	· For 120kHz SCS: DDDSU S=10D:2G:2U
· For 480kHz SCS: 14D2S4U, S1=12D:2G:0U, S2=0D:6G:8U

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	1

	
	Length (L)
	
	13

	
	PDSCH aggregation factor
	
	2

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2 

	
	Resource allocation type
	
	Type 0

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

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


	Phase noise model
	
	Set 2 in TR 38.808

	Receiver type 
	
	For case except 120kHz/400MHz:
· CPE compensation
For case with 120kHz/400MHz:
· CPE compensation
· ICI compensation with 1 tap filter 
· ICI compensation with 2 tap filter 
· ICI compensation with 3 tap filter 



The simulation results are captured in Figure 4-1:
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Figure 2-1: Throughput-BLER curve for PDSCH performance
The summary of simulation results are captured in Table 4-2:
Table 4-2: Summary of simulation results
	CBW(MHz) / SCS (kHz)
	MCS/Rank
	Channel Model
	Antenna Configuration 
and Correlation Matrix
	Receiver type 
	Target SNR

	100/120
	MCS4/Rank1
	TDLA10-200
	2x2 ULA Low
	No PN
	-2.5

	
	
	
	
	PN with CPE compensation
	-2.4

	100/120
	MCS4/Rank1
	TDLA10-650
	2x2 ULA Low
	No PN
	-2.3

	
	
	
	
	PN with CPE compensation
	-2.2

	100/120
	MCS13/Rank1
	TDLA10-200
	2x2 ULA Low
	No PN
	5.5

	
	
	
	
	PN with CPE compensation
	5.9

	100/120
	MCS13/Rank2
	TDLD10-200
	2x2 ULA Low
	No PN
	8.4

	
	
	
	
	PN with CPE compensation
	8.8

	100/120
	MCS17/Rank1
	TDLD10-200
	2x2 ULA Low
	No PN
	7.9

	
	
	
	
	PN with CPE compensation
	8.4

	400/480
	MCS4/Rank1
	TDLA10-200
	2x2 ULA Low
	No PN
	-2.3

	
	
	
	
	PN with CPE compensation
	-2.2

	400/480
	MCS4/Rank1
	TDLA10-650
	2x2 ULA Low
	No PN
	-2.1

	
	
	
	
	PN with CPE compensation
	-2.0

	400/480
	MCS13/Rank1
	TDLA10-200
	2x2 ULA Low
	No PN
	6.2

	
	
	
	
	PN with CPE compensation
	6.0

	400/480
	MCS13/Rank2
	TDLD10-200
	2x2 ULA Low
	No PN
	9.5

	
	
	
	
	PN with CPE compensation
	9.2

	400/480
	MCS17/Rank1
	TDLD10-200
	2x2 ULA Low
	No PN
	8.5

	
	
	
	
	PN with CPE compensation
	7.8

	400/120 (Note 2)
	MCS20/Rank1
	TDLA10-200
	2x2 ULA Low
	No PN
	11.5

	
	
	
	
	PN with CPE compensation
	13.1

	
	
	
	
	PN with ICI-1 compensation
	13.2

	
	
	
	
	PN with ICI-2 compensation
	13.2

	
	
	
	
	PN with ICI-3 compensation
	13.2

	400/120 (Note 2)

	MCS22/Rank1

	TDLA10-200

	2x2 ULA Low

	No PN
	13.6

	
	
	
	
	PN with CPE compensation
	16.1

	
	
	
	
	PN with ICI-1 compensation
	16.1

	
	
	
	
	PN with ICI-2 compensation
	16.1

	
	
	
	
	PN with ICI-3 compensation
	15.9
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