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Introduction
During the last RAN4#102-e meeting, good progress was made on the topic of PDSCH requirement definition for FR2-2 [1]. 
[bookmark: _Hlk88742629]In this contribution we will express our views on the open issues and open new discussions, if necessary.

Discussion
General issues

Number of PRBs
On the last RAN4 meeting agreement was reached on the combinations of CBW and number of PRBs as follow [1]:

	Issue 3-2-2: General simulation assumptions
Consider the following simulation assumptions at starting point for PDSCH performance requirements:
· Normal CP
· 1 and 2 Tx antennas and 2 Rx antennas
· Up to 64QAM modulation order
· Temporary PRB number:
· (66)(264)(66)(132)(264)(32)(66)(132)(165) for SCS (kHz CWB (MHz)) = (120 100)(120 400)(480 400) (480 800)(480 1600)(960 400)(960 800)(960 1600)(960 2000)




However, this number of PRBs is not in line with what was agreed during the UE RF discussion according to the following agreement [4].
	Agreement: agree the spectral utilization in the table below.
Main session chairman has put an additional agreement in the meeting report that the statement captured in 16 Spectrum Utilization is the working assumption and to be confirmed in the future meeting.
	SCS (kHz)
	100 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB

	120
	66
	264
	N/A
	N/A
	N/A

	480
	N/A
	66
	132
	264
	N/A

	960
	N/A
	33
	66
	132
	[156]






The values that are not matching RF agreements are the ones for 960 kHz with 400 MHz and 2000 MHz CHBW. Therefore, it is proposed to align the simulation assumptions to the RF agreements, so that we use the maximum number of PRBs that is possible foreach channel bandwidth.
Latest RAN4 agreements on number of PRBs are not aligned between UE demod and RF.
UE demod agreements for 960kHz SCS and 400 MHz BW use 32 PRBs while in RF it was agreed to use 33 PRBs.
Update the number of PRBs for each SCS and CBW combination as:
	SCS (kHz)
	100 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB

	120
	66
	264
	N/A
	N/A
	N/A

	480
	N/A
	66
	132
	264
	N/A

	960
	N/A
	33
	66
	132
	[156]



SCS for DL requirements definition
In RAN4#102e it was decided to consider DL requirements 120kHz and 480 kHz SCS, however 960kHz SCS is still FFS [1]:
	Issue 3-1-1: SCS for DL requirements definition
Consider the following SCS for DL requirements definition:
· 120, 480 kHz
· FFS 960 kHz



Not including 960kHz SCS will remove any tests for UEs which claim support for 960kHz SCS. In addition, 960 kHz SCS is the only SCS which covers the maximum bandwidth for FR2-2 of 2000MHz. In addition including 960kHz SCS will also ensure full coverage in FR2-2.

Not defining requirements for 960kHz will mean, that UEs supporting this SCS will not be tested. 
The defined maximum CBW of 2000MHz is only supported with 960kHz SCS
960 kHz SCS to be considered for DL requirement definition

CBW for DL requirements definition
In RAN4#102e it was agreed to use the low CBW for the respective SCS settings, however the using the high CBW for 480 and 960kHz SCS is still FFS [1]:
	[bookmark: _Hlk101264800]Issue 3-1-2: CBW for DL requirements definition
120 kHz:
· 100, 400 MHz
480 MHz:
· 400 MHz
· FFS on 1600 MHz
960 kHz:
· 400 MHz
· FFS on 2000 MHz



We understand, that high CBW might not be testable at current point in time, however this should not have impact on RAN4 defining requirements for the high CBW. The decision to include tests for this will later be taken in RAN5 and is out of scope of RAN4.

For best test of high performance UEs which are reporting support for the high CBW, tests with the highest CBW for each SCS are needed to verify the claimed support.
RAN4 to introduce requirement definition for max CBW also in 480 and 960 kHz SCS.

PDSCH performance requirements

PDSCH performance requirements for multi-PDSCH scheduling
In RAN4#102e it was discussed if requirements should be defined using multi-PDSCH scheduling [1]:
	Issue 3-3-2: PDSCH performance requirements for multi-PDSCH scheduling
Option 1: Define PDSCH performance requirements with the following assumptions:
· 120 kHz SCS: Single TB scheduling
· 480 kHz SCS:  4-TB scheduling
· 960 kHz SCS: 8-TB scheduling
Option 2: Do not define PDSCH performance requirements with multi-TB scheduling
Option 3: Define multi-slot scheduling PDSCH performance requirements with the following assumptions:
· 480 kHz SCS:  4-TB scheduling
· 960 kHz SCS: 8-TB scheduling




At the time of the discussion, RAN1 had not yet decided, if multi-PDSCH scheduling should be mandatory when supporting 480 kHz and 960kHz SCS. RAN1 has later decided, that multi-PDSCH is mandatory when UE reports capability support for 480 or 960 kHz [3]:

	24. NR_ext_to_71GHz
	24-4
	480KHz SCS support for DL
	1. 480KHz SCS for DL data and control channels, SSB, and reference signal reception in FR2-2 for non-initial access
2. Multiple-slot PDCCH monitoring for 480KHz with (Xs,Ys) = (4,1)
3. Multi- PDSCH scheduling by single DCI for the operation with 480 kHz SCS and corresponding HARQ enhancements
4. Within the Ys = 1 slot (with Xs=4), monitoring of type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS with a maximum of two monitoring spans per slot with a span duration of Y symbols and a minimum gap of X symbols between the start of two spans, where  (X,Y) = (4, 3) and (7, 3) are supported
5. Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot group of Xs slots per scheduled CC for FDD
6. Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot group of Xs slots per scheduled CC for TDD
[7. For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be any OFDM symbol(s) of each slot of the slot group, with the monitoring occasions for any of Type 1- CSS without dedicated RRC configuration, or Types 0, 0A, or 2 CSS configurations within a single span of three consecutive OFDM symbols within each slot of the slot group.]



	24. NR_ext_to_71GHz
	24-5
	960KHz SCS support for DL
	1. 960KHz SCS for DL data and control channels, SSB, and reference signal reception in FR2-2 for non-initial access
2. Multiple-slot PDCCH monitoring for 960KHz with (Xs,Ys)=(8,1)
3. MultiPDSCH scheduling by single DCI for the operation with 960 kHz SCS and corresponding HARQ enhancements
4. Within the Ys = 1 slot  (with Xs=8), monitoring of type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS with a span duration of Y symbols and a minimum gap of X symbols between the start of two spans, where (X,Y)= (7, 3) is supported
5. Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot group of Xs slots per scheduled CC for FDD
6. Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot group of Xs slots per scheduled CC for TDD
[7. For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be any OFDM symbol(s) of each slot of the slot group, with the monitoring occasions for any of Type 1- CSS without dedicated RRC configuration, or Types 0, 0A, or 2 CSS configurations within a single span of three consecutive OFDM symbols within each slot of the slot group.]



Since the multi-PDSCH support is now confirmed mandatory when UE reports capability for 480 or 960kHz, requirements should be defined, to ensure the UE is tested for multi-PDSCH support. 
When a UE reports capability for 480kHz or 960kHz it is mandatory for said UE to also support multi-PDSCH.
There are no mandatory requirements for multi-PDSCH for 120 kHz SCS.
Define requirements for multi-PDSCH for UEs which report capability for 480 and 960 kHz SCS. For 120 kHz SCS requirements shall be made without multi-PDSCH scheduling.
TDD Pattern
In RAN4#102e the following TDD-patterns were agreed to be considered as baseline:

	Issue 1-2-5: TDD pattern
Consider the following TDD pattern as a baseline for simulation results alignment:
· 120 kHz: 3D1S1U, S=10D:2G:2U
· 480 kHz: 14D2S4U, S1=12D:2G:0U, S2=0D:6G:8U
· [bookmark: _Hlk100686610]960 kHz: 29D3S8U, S1=10D:4G:0U, S2=0D:12G:2U, S3=0D:0G:14U
Other options are not precluded




The described pattern for 960kHz SCE requires 30 HARQ processes to be able to fill out all the downlink REs defined. As 32 HARQ processes are only defined as optional, special considerations has to be taken when simulating the 960kHz SCS case. For 480 kHz SCS, the mandatory 16 HARQ processes should suffice as long as it can be assumed that all used 15 HARQ processes are released (or used for re-transmission) for the next TDD period.
16 HARQ processes should suffice for 480 kHz SCS if all HARQ processes are released (or used for re-transmission) for the next TDD period.
16 HARQ processes are not sufficient to cover all 30 TBs in the agreed 960kHz SCS configuration.
For 960kHz SCS include one test with 16 HARQ, where it is taken into account, that not all the TBs can be utilized.
For 960kHz SCS include one test with the optional 32 HARQ.

PDSCH performance requirements with 32 DL HARQ processes
In RAN4#102e the need for performance requirements with 32 DL HARQ processes were discussed however no agreement were made with regards to define performance requirements for 32 DL HARQ processes[1]:
	Issue 3-3-3: PDSCH performance requirements with 32 DL HARQ processes
Option 1: Define one test case to verify PDSCH performance with 32 DL HARQ processes with the test metric 30% of maximum throughput.
Option 2: Do not define requirements for PDSCH with 32 DL HARQ processes




The introduction of 32 HARQ processes were done by RAN1 to support the higher SCS and CBW for FR2-2. When a UE is reporting support of 32 HARQ processes, there should also be performance requirements defined to show this functionality.

Introduction of 32 HARQ processes were done by RAN1 to improve performance for FR2-2.
RAN4 to define at least one test case to verify PDSCH performance with 32 DL HARQ processes.
Mapping type
In RAN4#102e it was agreed to define requirements with mapping type A, however no agreement was made with regards to mapping type B [1]:
	Issue 3-3-4: Mapping type
Define PDSCH requirements with mapping type A
FFS define PDSCH test case to verify mapping type B processing.



We do not see mapping type B as the most critical configuration; however we do believe it would make sense to define at least one test case to verify mapping type B

Defining test case for mapping type B would ensure verification for mapping type B.
Define at least one PDSCH test case to verify mapping type B processing

Requirements with 30% throughput
In RAN4#102e the need for requirements with 30% throughput were discussed without any agreements [1]:
	Issue 3-3-5: Requirements with 30% throughput
Option 1: Define PDSCH requirement with 30% throughput.
Option 2: Do not define PDSCH requirement with 30% throughput.



In existing requirements for FR2-1 the requirements with 30% throughput already exists, hence it would make sense to also define similar requirements for FR2-2.

30% throughput requirements already exist for FR2-1.
Define at least 1 test case for PDSCH requirement with 30% throughput for FR2-2
Potentially, since 32 HARQ processes is optional, one test with 16 HARQ processes and another with 32 HARQ processes is required.
The number of HARQ processes defined should be discussed.

MCS, modulation order for PDSCH requirements
In RAN4#102e the modulation order for PDSCH requirements were agreed for 2 of 3 MCS settings [1]:
	Issue 3-3-7: MCS, modulation order for PDSCH requirements
Define PDSCH requirements with MCS 4, MCS 13 and MCS [22]
· Other MCS values are not precluded




During RAN4#102e some companies were critical with regards to using MCS22 and it was decided to discuss further based on simulation results. To support checking if a lower MCS than MCS22 could be relevant to consider, we have also run simulations with MCS20.

Simulations results with MCS22 @ 480kHz SCS/400MHz BW are slightly above 20dB (20.44dB). Though it is expected to drop below 20dB, when simulated CPE+ICI receiver.
Simulation results with MCS20 is having lower a SNR @ 70% compared to MCS22, which indicates that using MCS20 could be a valid option.
Further discuss based on companies provided simulation results if MCS[22] can be agreed or a lower MCS (e.g. MCS20) should be selected.

Rank
In RAN4#102e it was agreed to define requirements for rank 1, however it was FFS if the feature FD-OCC-Disabled should be enabled [1]:
	Issue 3-3-8: Rank
Define PDSCH requirements with:
· Rank 1
· FFS FD-OCC is not applied to all the antenna ports for DMRS
· FFS Rank 2



The feature “FD-OCC-Disabled” were introduced in CR [5] however it is not clear to us, if the feature is mandatory. In case of the feature being mandatory, Rank 1 requirements with the feature “FD-OCC-Disabled” enabled should be defined. If not mandatory, performance numbers should be checked and requirements only added if there is >1dB performance difference.

It is not clear if the feature “FD-OCC-Disabled” is mandatory.
Define requirements for Rank 1 with “FD-OCC-Disabled” if “FD-OCC-Disabled” is mandatory.
Define requirements for Rank 1 with “FD-OCC-Disabled” if “FD-OCC-Disabled” is optional and there is a >1dB performance difference to not enabling “FD-OCC-Disabled”.

Rx processing assumptions
In RAN4#102e it was requested for companies to provide simulations results using phase noise compensation [1]:
	[bookmark: _Hlk100671705]Issue 3-3-12: Rx processing assumptions
Define PDSCH performance requirements by using phase noise compensation
· Companies are encouraged to bring results for CPE and CPE+ICI compensation methods



Simulation results for selected configurations with CPE has been provided in R4-2209737.

Conclusion
In this contribution we have provided our views on various open issues with relation to PDSCH requirements for the extension to 71GHz.

We have made the following observations and proposals:
General issues
Number of PRBs
1. Latest RAN4 agreements on number of PRBs are not aligned between UE demod and RF.
UE demod agreements for 960kHz SCS and 400 MHz BW use 32 PRBs while in RF it was agreed to use 33 PRBs.
1. Update the number of PRBs for each SCS and CBW combination as:
	SCS (kHz)
	100 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB

	120
	66
	264
	N/A
	N/A
	N/A

	480
	N/A
	66
	132
	264
	N/A

	960
	N/A
	33
	66
	132
	[156]



SCS for DL requirements definition
Not defining requirements for 960kHz will mean, that UEs supporting this SCS will not be tested. 
The defined maximum CBW of 2000MHz is only supported with 960kHz SCS
960 kHz SCS to be considered for DL requirement definition

CBW for DL requirements definition
For best test of high performance UEs which are reporting support for the high CBW, tests with the highest CBW for each SCS are needed to verify the claimed support.
RAN4 to introduce requirement definition for max CBW also in 480 and 960 kHz SCS.

PDSCH performance requirements
PDSCH performance requirements for multi-PDSCH scheduling
When a UE reports capability for 480kHz or 960kHz it is mandatory for said UE to also support multi-PDSCH.
There are no mandatory requirements for multi-PDSCH for 120 kHz SCS.
Define requirements for multi-PDSCH for UEs which report capability for 480 and 960 kHz SCS. For 120 kHz SCS requirements shall be made without multi-PDSCH scheduling.

TDD Pattern
16 HARQ processes should suffice for 480 kHz SCS if all HARQ processes are released (or used for re-transmission) for the next TDD period.
16 HARQ processes are not sufficient to cover all 30 TBs in the agreed 960kHz SCS configuration.
For 960kHz SCS include one test with 16 HARQ, where it is taken into account, that not all the TBs can be utilized.
For 960kHz SCS include one test with the optional 32 HARQ.

PDSCH performance requirements with 32 DL HARQ processes
Introduction of 32 HARQ processes were done by RAN1 to improve performance for FR2-2.
RAN4 to define at least one test case to verify PDSCH performance with 32 DL HARQ processes.

Mapping type
Defining test case for mapping type B would ensure verification for mapping type B.
Define at least one PDSCH test case to verify mapping type B processing

Requirements with 30% throughput
30% throughput requirements already exist for FR2-1.
Define at least 1 test case for PDSCH requirement with 30% throughput for FR2-2
Potentially, since 32 HARQ processes is optional, one test with 16 HARQ processes and another with 32 HARQ processes is required.
The number of HARQ processes defined should be discussed.

MCS, modulation order for PDSCH requirements
Simulations results with MCS22 @ 480kHz SCS/400MHz BW are slightly above 20dB (20.44dB). Though it is expected to drop below 20dB, when simulated CPE+ICI receiver.
Simulation results with MCS20 is having lower a SNR @ 70% compared to MCS22, which indicates that using MCS20 could be a valid option.
Further discuss based on companies provided simulation results if MCS[22] can be agreed or a lower MCS (e.g. MCS20) should be selected.

Rank
It is not clear if the feature “FD-OCC-Disabled” is mandatory.
Define requirements for Rank 1 with “FD-OCC-Disabled” if “FD-OCC-Disabled” is mandatory.
Define requirements for Rank 1 with “FD-OCC-Disabled” if “FD-OCC-Disabled” is optional and there is a >1dB performance difference to not enabling “FD-OCC-Disabled”.

Rx processing assumptions
Simulation results for selected configurations with CPE has been provided in R4-2209737.
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