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1. Introduction 
In RAN4#104-bis-e demodulation requirements for 52.6 - 71 GHz was discussed and way forward [1] was agreed. In this contribution we present our views on the open issues on general aspects and PDSCH demodulation requirements and simulation results.  
2. Discussion
General Aspects
In RAN4#104-bis-e several agreements were made related to demod requirements for FR2-2 captured in [1] and chairman’s notes.
	Whether to introduce requirements with 400MHz CBW for 120kHz SCS for single CC
No;
Whether to introduce requirements with 800MHz CBW for 480kHz SCS
No;
Whether to introduce requirements with 960kHz SCS
RAN4 focus on 120kHz and 480kHz SCS for introducing UE demodulation requirements in FR2-2. It’s not precluded to discuss and introduce requirements for 960kHz SCS in future releases. 
Whether to introduce SDR Test for FR2-2 in Rel. 17
Agreement: Not define SDR test for FR2-2 in Rel-17. It’s not precluded to further discuss in future releases.
Whether to define PDSCH requirements with 30% of peak throughput
Add one test case for 120kHz case only with 30% peak throughput
Whether to introduce requirements with 650Hz Doppler Frequency: 
Yes;
Design Margin for PN models in TR 38.808 Set 1.
According to the PN for UE, Example 1 in 38.808, use: BS Margin = 0dB; UE margin 5dB; 




The remaining open issue was the testable SNR table to be used for defining requirements. 
Extended maximum Testable SNR for reduced allocation
· Option 1:
	
	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]

	
	
	[16]
	[10]



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

	
	
	
	IFF

	Single band UE

	100/120
	66
	[9.8]

	
	
	32
	[13.2]

	
	[400/120]
	[TBD]
	[TBD]

	
	400/480
	66
	[2.6]

	
	
	32
	[6.6]

	
	
	20
	[8.9]

	
	
	16
	[10]



Based on the agreements on the partial PDSCH allocation, we propose to use the following table to determine 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 #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
For PDSCH requirements, several agreements were reached in RAN4#104-bis-e as captured in [1] and chairmen’s notes.
	\MCS Choice for 120kHz/100MHz for 70% requirements
MCS 4, 13, 17 are agreed; Further discuss for MCS 20;
Whether to introduce PDSCH requirements with MCS20 in FR2-2 for 120kHz/100MHz
No;
Whether to introduce PDSCH requirements with MCS17 in FR2-2 for 480kHz/400Mhz
No;
MCS Choice for 480kHz/400MHz for 70% requirements
MCS 4, 13 are agreed; 
RB allocation for 120kHz/100MHz for MCS 4, 13 for 70% requirements
· For 120kHz/100MHz, agree on 66RBs (full) allocation for MCS at least up to 13; 
RB allocation for 480kHz/400MHz for MCS 4 for 70% requirements
66 RBs;
RB allocation for 480kHz/400MHz for MCS 17 for 70% requirements
Don’t include MCS 17 for 480kHz;
Propagation Channels for PDSCH Requirements for 120kHz/100Mhz:
TDLA30-650 for MCS 4 and MCS 13 (30%);
TDLA30-200 for MCS 13 (70%);
TDLD30-200 for MCS 17 and above;
Propagation Channels for PDSCH Requirements for 480kHz/400Mhz:
For PDSCH Requirements for 480kHz/400Mhz: following channel model adopted 
· TDLA10-200 for MCS 4;
· TDLD10-200 for MCS 13 and above;
MCS and RB allocation choice for 120kHz/100MHz for 30% Requirements
Recommended WF: MCS 13, 66RBs;
PDSCH Requirements Table
	SCS (KHz)/ CBW (MHz)
	MCS
	Propagation Channel
	Antenna Conf.
	Throughput
	Num PRB

	120kHz/100MHz
	MCS4
	TDLA30-650
	2x2 Low
	70%
	66

	
	MCS13
	TDLA30-200
	2x2 Low
	70%
	66

	
	MCS13
	TDLA30-650
	2x2 Low
	30%
	66

	
	MCS17
	TDLD30-200
	2x2 Low
	70%
	[66, 32]

	480kHz/400MHz
	MCS4
	 TDLA10-200
	2x2 Low
	70%
	66

	
	MCS13
	 TDLD10-200
	2x2 Low
	70%
	[20,32]







Based on the agreed simulation assumptions, we provide alignment and impairment results for PDSCH demod requirements in Table 1 below. We also include the testable SNR as a guide to determine the feasible PDSCH allocation.
Table 1: Simulation results for PDSCH demod in FR2-2
	SCS (KHz)/ CBW (MHz)
	MCS
	Propagation Channel
	Antenna Conf.
	TP Metric
	Num PRB
	Max SNR
	Alignment Result
	Impairment Result

	120kHz/100MHz
	MCS4
	TDLA30-650
	2x2 Low
	70%
	66
	9.8
	-1.3
	0.7

	
	MCS13
	TDLA30-200
	2x2 Low
	70%
	66
	9.8
	6.3
	8.6

	
	MCS13
	TDLA30-650
	2x2 Low
	30%
	66
	9.8
	-0.1
	2.2

	
	MCS17
	TDLD30-200
	2x2 Low
	70%
	66
	9.8
	8.5
	11.3

	
	MCS17
	TDLD30-200
	2x2 Low
	70%
	32
	13.2
	8.4
	11.5

	480kHz/400MHz
	MCS4
	TDLA10-200
	2x2 Low
	70%
	66
	2.6
	-1.3
	0.7

	
	MCS13
	TDLD10-200
	2x2 Low
	70%
	32
	6.6
	5.5
	8.0

	
	MCS13
	TDLD10-200
	2x2 Low
	70%
	20
	8.9
	5.2
	8.0



The PDSCH allocation for MCS17 with 120 KHz SCS and MCS 13 with 480KHz SCS are FFS.
RB allocation for 120kHz/100MHz for MCS 17 for 70% requirements
· Option 1: 32RBs;
· Option 2: 66RBs;
RB allocation for 480kHz/400MHz for MCS 13 for 70% requirements
· Option 1: 32 RBs
· Option 2: 20 RBs;

Based on the simulation results above, we observe that the SNR after considering impairment margin is larger than the testable SNR for 120KHz SCS MCS 17 with 66 PRBs and 480KHz SCS MCS 13 with 32 PRBs.
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.
Based on the limitation of testable SNR, we propose to define requirements with 120KHz SCS MCS 17 with 32 RB allocation, and for 480KHz SCS MCS 13 with 20 PRB allocation. 

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

The PDCCH/ CORESET allocation for PDSCH tests is typically assumed to be the full BW (66 PRB) and 1 symbol for FR2. The PDCCH aggregation level for PDSCH demod requirements is typically AL=8 to ensure no PDCCH decoding errors for PDSCH test cases. To introduce requirements for different MCS and conform to testable SNR limitations, we agreed to introduce partial PDSCH allocation. We assume that PDCCH would also be limited to partial allocation to not exceed the maximum TX power. For example - If PDSCH is allocated for 32 PRBs, CORESET BW would be limited to 30 PRBs. If we assume the same AL and CORESET duration as before, the PDCCH would not fit in 30 PRBs.
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.
For test cases with partial PDSCH allocation, we have the following options –
Option 1: Reduce the AL from AL=8 to fit PDCCH in the reduced CORESET BW and 1 symbol duration
Option 2: Keep the same AL (AL=8) and increase the CORESET duration
Option 3: Combination of option 1 and option 2. 
We need to look into the PDCCH parameters for each case separately as tabulated in the table below. 
Table 2: Possible PDCCH parameters for reduced PDSCH allocation
	PDSCH Alloc
	CORESET BW
	CORESET Duration
	AL

	32
	30
	1
	4

	32
	30
	2
	8

	20
	18
	1
	2

	20
	18
	2
	4



From the above table with 32 RB allocation for PDSCH, we can go with either reduced AL or increased CORESET duration with no impact to PDCCH performance in PDSCH test cases. To have the same PDSCH allocation of 13 symbols as other PDSCH test cases, we propose to use reduced AL for test cases with PDSCH allocation of 32 RBs.
Proposal #4: For PDSCH allocation of 32 PRB, PDCCH CORESET BW is 30 PRB duration is 1 symbol with AL=4.
For test cases with reduced PDSCH allocation of 20 PRBs, if we would like to have CORESET duration of 1 symbol, the PDCCH AL should be reduced to 2 with CORESET BW of 18 PRBs. For PDSCH test cases, we need to ensure that there are no PDCCH decoding errors. The test case with 20 PRB allocation for PDSCH would be for MCS13 test case. Without further evaluation, it is difficult to ensure that there would be no PDCCH errors with AL=2 for MCS13 test case. 
Observation #3: PDCCH performance with no decoding errors cannot be guaranteed with AL=2 with MCS 13 test case.
To be on the safer side, we propose to use AL=4 with CORESET duration 2 symbols and CORESET BW 18 PRBs for test case with reduced PDSCH allocation of 20 PRBs. 
Proposal #5: For PDSCH allocation of 20 PRB, PDCCH CORESET BW is 18 PRB and duration is 2 symbol with AL=4.

PDSCH Requirements for CA
In previous meetings, we agreed to introduce requirements for FR1+ FR2-2 CA in Rel-17. For PDSCH requirements in CA we have the following open issues to be addressed:
· Bandwidth choice and test setup for FR1+FR2-2 CA requirements 
· Applicability rule for FR1+FR2-2 CA requirements
· Configurations for FR1 CC for FR1+FR2-2 CA requirements
· Test cases for FR1+FR2-2 CA requirements
· How to define FR1+FR2-2 CA requirements

Bandwidth choice and test setup for FR1+FR2-2 CA requirements 
· Option 1:
· 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
· Option 2:
· 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

For single carrier requirements, we have agreed to define requirements with 120KHz SCS/ 100MHz CBW and 480KHz SCS/ 400MHz CBW. Also, considering the testable SNR limitations, we have reduced PDSCH allocation for some of the test cases. With option 1 the proposal is to use 400MHz CBW for 120KHz SCS, but the agreed RB allocation for single carrier. Which suggests that we configure 400MHz CBW, but use ¼ or less allocated PRBs. We don’t really see the necessity to introduce requirements with 400MHz in the first place. 
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. 
Given that we have an agreement on the single carrier test cases, and to reduce additional simulation effort and also considering that it’s the last meeting to complete the performance part for this WI, we propose to use the same configuration as the single CC requirements for FR2-2 carrier for CA requirements. Also, the CA requirements will only be introduced for test cases where corresponding single carrier requirements are introduced. 
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).

Applicability rule for FR1+FR2-2 CA requirements 
· Option 1:
· 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
To save any additional simulation and alignment effort, we think option 1 above is a reasonable way to define requirements with CA and reduce test effort.
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

How to define FR1+FR2-2 CA requirements
· Only define the requirements for FR2-2 CC 
· Option 1: Apply all the requirements of single CC to CA requirements
· Option 2: Define separate requirements for CA
· Companies can provide simulation results or analysis next meeting to support your views
Given that we need to finalize requirements for CA in this meeting, we don’t think it is practical to define new requirements for CA, as it would require 2 or 3 more meetings to align the simulation parameters, results, and finalize requirements. Hence, we propose to use the single carrier requirements for CA with the above proposed applicability rule. 
Proposal #10: Do not define new requirements for CA. Reuse single carrier requirements for CA. 


3. Conclusion
In this paper we present our views on the open issues for UE demodulation requirements definition for 52.6-71GHz. Our observations and proposals are captured below:
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. 
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