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1. Introduction
Initial discussion on Rel-16 NR e-MIMO performance requirements was trigged in last RAN4 meeting, and the overall performance impact was summarized in below table following the agreements in [1]:
	Sub-items
	BS Demod 
	UE Performance

	
	
	UE Demod
	CSI

	Item 1: CSI enhancement for MU-MIMO
	No
	Yes
	Yes

	Item 2: Multi-TRP/Panel transmission
	No
	Yes
	No

	Item3:Beam management enhancement
	Item3a: L1-SINR measurement
	No
	No
	No

	
	Item3b: BFR for Scell
	No
	No
	No

	
	Item3c: DL/UL beam indication with reduced latency and overhead
	No
	No
	No

	Item4: Full TX power UL transmission
	No
	No
	No

	Item5: Low PAPR RS
	FFS
	FFS
	No


In this contribution, we further provided detailed test case design for multi-TRP/Panel transmission (eMBB basis) based on agreed WF in [2]. 
2. Discussion
2.1 Single-DCI and multi-DCI based on NCJT multi-TRP/Pannel transmission 
For single-DCI and multi-DCI based on NCJT multi-TRP/Pannel tranmission (eMBB basis), the  physical layer features which potentialy have impact on UE receiver processing and performance were summarized in table below:
Table 1: Summary of eMBB NCJT multi-TRP/Pannel transmission features
	Single-DCI based 
	PDSCH scheduling 
	Full  overlapping, non-overlapping and partial overlapping supported 

	
	TCI indication framework
	Two separate TCI state can be actived in a single DCI.

	
	DMRS/layer combination 
	layer combinations from two TRPs :1+1, 1+2, 2+1, 2+2 

	Multi-DCI based 
	PDSCH scheduling schemes
	overlapping, non-overlapping and partial overlapping transmission

	
	PDCCH scheduling schemes 
	with/without CORESET pool index configured 
out of order operation 

	
	ACK/NACK feedback schemes: 
	Joint or separate

	
	UE rate-matching 
	UE rate matching around DMRS ports from scheduled PDSCHs
UE rate matching around LTE CRSs with multiple pattern (optional) 



2.2 Test case design
QCL and TCI state configurations
Similar as Rel-11 TM10 transmission schemes (CoMP), the transmission signals from different TRP/Panels may have different channel characteristics including {Doppler shift, Doppler spread, average delay, delay spread, Rx spatial parameters} from UE receiver side. In order to facilitate NCJT transmissions from multi –TRP/Pannel, different TCI states with assioated QCL-info and TRS siganls can be applied for differnt TRP/Pannels. For single-DCI based NCJT transmissition, multiple TCI states can be actived in a signle DCI. And for multi-DCI NCJT transmision, different TCI states can be indicated and actived simutaneouly by separate DCIs. 
[image: ] [image: ]
Figure 1: TCI state configuration example for NCJT multi-TRP/Panel transmission
In order to verify UE capabaility and proper receiver processing  to simultaneously support multiple actived TCI states and QCL-signals from different TRP/panels, test design for Rel-11 TM10 demodulation test cases can be used as starting point with two TPs configured associated with different TCI states and QCL-info signals 
Proposal 1: Introduce test cases with 2 TRPs/Panels configured associated with different TCI sates and QCL-info signals.
Regarding time/frequency synchronization, RAN1 design for multi-TRP/Pannel transmission following the assumption that “the UE may assume that the UE may receive DL transmission from multiple TRP within a CP with single/multiple FFT windows”.
From RAN4 requirements perspective, we need to design proper test cases in a receiver implemantion agnostic  manner meanwhile the requirements defined should be based on the assumption with single FFT operation. 
Proposal 2: From time/frequency synchronization among multi-TRP/Pannel transmission aspect, RAN4 test design need to ensure receiver implemantion agnostic meanwhile the requirements defined should be based on the assumption with single FFT operation.
Regarding Rx spatial parameter, from RAN1 design perspetive, Transmissions from different TRP/Pannels can be associated with different Rx beam directions, and different QCL-D information can be indicated by single/multi-DCIs.
From RAN4 RF and RRM core requirements perspective, RAN4 define the requirements base on the assumption that UE not capble of  supporting simultaneously mutiple Rx beam directions in UE receiver side till Rel-16.
Proposal 3: From Rx beam direction  among multi-TRP/Pannel transmission (FR2 only) aspect, RAN4 only introduce test cases based on the assumption of UE only supporting single Rx beam direction.
Proposal 4: Detaild TCI state configuration as following:
	TCI index
	Information
	FR1
	FR2

	TCI state #0
	Type 1 QCL information 
	SSB index
	SSB #0
	SSB #0

	
	
	QCL Type
	Type C
	Type C

	
	Type 2 QCL information
	SSB index
	N/A
	SSB #0

	
	
	QCL Type
	N/A
	Type D

	TCI state #1
	Type 1 QCL information 
	CSI-RS resource
	CSI-RS resource 1 from ‘CSI-RS for tracking’ configuration
	CSI-RS resource 1 from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	Type A
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	N/A
	CSI-RS resource 1 from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	N/A
	Type D

	TCI state #2
	Type 1 QCL information 
	CSI-RS resource
	CSI-RS resource 2 from ‘CSI-RS for tracking’ configuration
	CSI-RS resource 2 from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	Type A
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	N/A
	CSI-RS resource 1 from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	N/A
	Type D



Regarding detailed time/frequency offset among two TPs/Panels, we need to decide proper values with comprehensive consideration of realistic deployment scenrios,  transmitter impairment perfromance in BS side , acceptable performance loss  with proper UE processing in receiver side and enough performance gap to differeriate UE behavior. 
We can take experience from Rel-11 TM10 QCL Behavior B test cases as starting point based on the assumption of single FFT operation (R4-130309,R4-130308). 
For timing offset, {2us, -0.5us} were used in TM10 test cases considering different performance impact with negative and positive timing offset refer to FFT window. 


Figure 2-1: Timing offset compensation option 2 from Samsung R4-130309
Proposal 5: Timing offset between 2 TPs/Panels: 
· FR1 FDD (15kHz SCS): 2 us, -0.5 us
· FR1 TDD (30kHz SCS): 1 us, -0.25 us
· FR2 TDD (120kHz SCS): 0.25 us, -0.0625 us 
For frequency offset, 0.1 ppm was specified as minimum RF frequency requirement for BS absolute frequency error. In reality, better performance can be achievable especially for multi-TRP/Panel deployment scenarios when these TRPs/Panels share same reference LO.  For FR2, it would be multi-Panels deployment which share same PLL and  the frequency offset would be quite small in BS transmitter side for FR2.
Proposal 6: Frequency offset between 2 TPs/Panels: 
· FR1 FDD (15kHz SCS): 300Hz
· FR1 TDD (30kHz SCS): 300Hz
· FR2 TDD (120kHz SCS): FFS (0~600Hz)
In order to ensure the test coverage on physical layer features meanwhile limit RAN4 worklaod and test effort, below test cases were proposed to cover the features summarize in table 1.
Proposal 7: Introduce below test cases for Mutil-TRP/Pannel transmission schemes (eMBB basis)
· Test case 1: Single PDCCH based on Mutil-TRP/Pannel transmission with frequency offset
· Full overlapping scheduling PDSCH
· Layer combination: 1 +1 
· Two TCI states
· Time offset among TPs: 0us
· Frequency offset among 2TPs:  300Hz for FR1, FFS for FR2
· Test case 2: Mutil- PDCCH based on Mutil-TRP/Pannel transmission with postive timeoffset
· Non- overlapping scheduling PDSCH
· CW combination: 2 +2 
· Time offset among TPs: 
· Frequency offset among 2TPs:  0Hz
· ACK/NACK: Joint feedback
· Test case 3: Mutil- PDCCH based on Mutil-TRP/Pannel transmission with negative timeoffset
· Partial overlapping scheduling PDSCH
· CW combination: 1+1
· Time offset among TPs:  
· Frequency offset among 2TPs:  0Hz
· ACK/NACK: Separate feedback
3. Conclusion
In this contribution, Test case design for DL multi-panel/TRP transmission provided (eMBB).
Proposal 1: Introduce test cases with 2 TRPs/Panels configured associated with different TCI sates and QCL-info signals.
Proposal 2: From time/frequency synchronization among multi-TRP/Pannel transmission aspect, RAN4 test design need to ensure receiver implemantion agnostic meanwhile the requirements defined should be based on the assumption with single FFT operation.
Proposal 3: From Rx beam direction  among multi-TRP/Pannel transmission (FR2 only) aspect, RAN4 only introduce test cases based on the assumption of UE only supporting single Rx beam direction. 
Proposal 4: Detaild TCI state configuration as following:
	TCI index
	Information
	FR1
	FR2

	TCI state #0
	Type 1 QCL information 
	SSB index
	SSB #0
	SSB #0

	
	
	QCL Type
	Type C
	Type C

	
	Type 2 QCL information
	SSB index
	N/A
	SSB #0

	
	
	QCL Type
	N/A
	Type D

	TCI state #1
	Type 1 QCL information 
	CSI-RS resource
	CSI-RS resource 1 from ‘CSI-RS for tracking’ configuration
	CSI-RS resource 1 from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	Type A
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	N/A
	CSI-RS resource 1 from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	N/A
	Type D

	TCI state #2
	Type 1 QCL information 
	CSI-RS resource
	CSI-RS resource 2 from ‘CSI-RS for tracking’ configuration
	CSI-RS resource 2 from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	Type A
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	N/A
	CSI-RS resource 1 from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	N/A
	Type D



Proposal 5: Timing offset between 2 TPs/Panels: 
· FR1 FDD (15kHz SCS): 2 us, -0.5 us
· FR1 TDD (30kHz SCS): 1 us, -0.25 us
· FR2 TDD (120kHz SCS): 0.25 us, -0.0625 us 
Proposal 6: Frequency offset between 2 TPs/Panels: 
· FR1 FDD (15kHz SCS): 300Hz
· FR1 TDD (30kHz SCS): 300Hz
· FR2 TDD (120kHz SCS): FFS (0~600Hz)
Proposal 7: Introduce below test cases for Mutil-TRP/Pannel transmission schemes (eMBB basis)
· Test case 1: Single PDCCH based on Mutil-TRP/Pannel transmission with frequency offset
· Full overlapping scheduling PDSCH
· Layer combination: 1 +1 
· Two TCI states
· Time offset among TPs: 0us
· Frequency offset among 2TPs:  300Hz for FR1, FFS for FR2
· Test case 2: Mutil- PDCCH based on Mutil-TRP/Pannel transmission with postive timeoffset
· Non- overlapping scheduling PDSCH
· CW combination: 2 +2 
· Time offset among TPs: 
· Frequency offset among 2TPs:  0Hz
· ACK/NACK: Joint feedback
· Test case 3: Mutil- PDCCH based on Mutil-TRP/Pannel transmission with negative timeoffset
· Partial overlapping scheduling PDSCH
· CW combination: 1+1
· Time offset among TPs:  
· Frequency offset among 2TPs:  0Hz
· ACK/NACK: Separate feedback
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