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1. Introduction
As agreed in RAN#85, Rel-16 NR eMIMO WI has below work objectives for RAN4 core part and performance part:
· Specify core requirements associated with the items specified by RAN1 [RAN4-Core]  
· Specify RRM requirements
· Identify impact on RF requirements for the reduced PAPR pi/2-BPSK DMRS and, if needed, specify RF requirements 
· Identify impact on RF requirements for the uplink full power transmission and, if needed, specify RF requirements 
· Specify necessary performance requirements for the specified enhancements. [RAN4-Performance]
In [1], we provide brief analysis for performance impact of Rel-16 e-MIMO WI:
	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, Test case design for DL multi-panel/TRP transmission provided.
2. Discussion
2.1 Single-PDCCH based multi-TRP/Panel transmission
DMRS configuration:
	· At least support following layer combinations from two TRPs indicated by antenna port field:
1. 1+1, 1+2, 2+1, 2+2 for single CW and SU, at least for DCI format 1-1


TCI configuration:
	TCI indication framework shall be enhanced in Rel-16 at least for eMBB: 
· Each TCI code point in a DCI can correspond to 1 or 2 TCI states 
· When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1
· The UE is not expected to have more than one TCI index with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs 
For single-DCI based Multi-TRP/panel transmission with at least one configured TCI states for the serving cell of scheduled PDSCH containing 'QCL-TypeD',
· If the offset between the reception of the PDCCH and the corresponding PDSCH is less than timeDurationForQCL and after the reception of activation command of TCI states for UE specific PDSCH, the UE may assume that DMRS ports of PDSCH follows QCL parameters indicated by default TCI state(s) as following:
· Use the TCI-states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states which are activated for PDSCH.
· If all the TCI codepoints are mapped to a single TCI state, then Rel-15 behavior is followed
· The support of this feature is part of UE capability.




Observation 1: For Single-PDCCH based multi-TRP/Panel transmission, different combinations of layers from 2 TRPs supported with restriction per CW per TRP.
Observation 2: Two separate TCI state can be actived in a single DCI.
Proposal 1: New PDSCH demodulation test cases required for Single-PDCCH based multi-TRP/Panel transmission to cover below features:
· DMRS ports combinations among two TRPs
· Two TCI states activation in single DIC code point
· PDSCH scheduling with overlap/non-overlapping 
2.2 Multiple-PDCCH based multi-TRP/Panel transmission
PDSCH scheduling:
	· Number of CWs : For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to 2.
· The UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· DMRS configuration restriction: The UE is not expected to assume different DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs. 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
· BWP and SCS restriction: The UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.



Observation 3: From scheduling perspective, fully/partially/non-overlapped PDSCHs at time and frequency domain are allowed for Multiple-PDCCH based multi-TRP/Panel transmission.
PDCCH scheduling:
	· For multiple-PDCCH based multi-TRP/panel downlink transmission for eMBB, 
1. For the purposes of PDCCH detection, UE does not assume any dependency amongst the multiple PDCCH
1. Both Separate and joint ACK/NACK feedback for received PDSCHs is supported


Observation 4: New PDCCH scheduling schemes, ACK/NACK feedback schemes has been introduced for Multiple-PDCCH based multi-TRP/Panel transmission.
Rate-matching:
	For multi-DCI based multi-TRP/panel transmission, the UE shall rate match around: 
· Configured CRS patterns which optionally associated with a higher layer signaling index per CORESET (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.
· This is a UE optional feature with separate UE capability signalling
· If UE does not support this feature, the default UE behaviour is the following:
· For multi-DCI based multi-TRP/panel transmission, the UE shall rate match PDSCH around configured CRS patterns from multiple TRPs
FFS: Whether/How to handle DMRS shifting if CRS patterns are configured.



Observation 5: New Rate-mating behaviour has been defined for multi-TRP/panel transmission.
Proposal 2 :New PDSCH demodulation test cases required for Multiple-PDCCH based multi-TRP/Panel transmission to cover below features
· PDSCH scheduling schemes: overlapping, non-overlapping and partial overlapping transmission
· PDCCH scheduling schemes: with/without CORESET pool index configured 
· ACK/NACK feedback schemes: Joint or separate 
· UE rate-matching behaviour 
2.3 Test case design
[bookmark: _GoBack]In general, test design for Rel-11 TM10 demodulation test cases with QCL behavior B as 2 TPs configured can be taken as a starting point. In order to cover all the new introduced feautures with compact and limted test cases, below test cases proposed:
· Test case 1: Single PDCCH based on Mutil-TRP/Pannel transmission
· Full overlapping scheduling PDSCH
· Layer combination: 1 +1 
· Two TCI states
· Time offset among TPs: 0us
· Frequency offset among 2TPs:  [300Hz]
· Test case 2: Mutil- PDCCH based on Mutil-TRP/Pannel transmission
· Non- overlapping scheduling PDSCH
· CW combination: 2 +2 
· Time offset among TPs: 2us
· Frequency offset among 2TPs:  0Hz
· ACK/NACK: Joint feedback
· Test case 3: Mutil- PDCCH based on Mutil-TRP/Pannel transmission
· Partial overlapping scheduling PDSCH
· CW combination: 1+1
· Time offset among TPs: -0.5us
· Frequency offset among 2TPs:  0Hz
· ACK/NACK: Separate feedback
3. Conclusion
In this contribution, Test case design for DL multi-panel/TRP transmission provided.
Proposal 1: New PDSCH demodulation test cases required for Single-PDCCH based multi-TRP/Panel transmission to cover below features:
· DMRS ports combinations and PDSCH across two TRPs
· Two TCI states activation in single DIC code point
· PDSCH scheduling with overlap/non-overlapping 
Proposal 2 :New PDSCH demodulation test cases required for Multiple-PDCCH based multi-TRP/Panel transmission.
· PDSCH scheduling schems: overlapping, non-overlapping and partial overlapping transmission
· PDCCH scheduling schemes: single pool index or multiple pool index
· ACK/NACK feedback schemes: Joint or separate 
· UE rate-matching behaviour 
Then detailed test cases proposed as below:
· Test case 1: Single PDCCH based on Mutil-TRP/Pannel transmission
· Full overlapping scheduling PDSCH
· Layer combination: 1 +1 
· Two TCI states
· Time offset among TPs: 0us
· Frequency offset among 2TPs:  [300Hz]
· Test case 2: Mutil- PDCCH based on Mutil-TRP/Pannel transmission
· Non- overlapping scheduling PDSCH
· CW combination: 2 +2 
· Time offset among TPs: 2us
· Frequency offset among 2TPs:  0Hz
· ACK/NACK: Joint feedback
· Test case 3: Mutil- PDCCH based on Mutil-TRP/Pannel transmission
· Partial overlapping scheduling PDSCH
· CW combination: 1+1
· Time offset among TPs: -0.5us
· Frequency offset among 2TPs:  0Hz
· ACK/NACK: Separate feedback
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