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1. Introduction
Based on the discussion in previous RAN4 E-meetings, overall impact on performance requirements for Rel-16 eMIMO features as summarized below:
	Sub-items
	BS Demod 
	UE Performance

	
	
	UE Demod
	CSI

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

	Item 2: Multi-TRP/Panel transmission
	Single DCI based transmission (eMBB)
	No
	FFS
	No

	
	Multi-DCI based transmission (eMBB)
	No
	Yes
	No

	
	Single DCI based transmission schemes for URLLC
	No
	FFS
	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
	NO
	NO
	No


In this contribution, we further provided detailed test case design for multi-TRP/Panel transmission based on agreed WF in [2]. 
2. Discussion
2.1 Test scope
Issue 1:  Necessity of introducing Performance requirements on single DCI based URLLC transmission schemes 
According to the on-going discussion for eMIMO UE feature list in RAN1, single DCI based on Multi-TRP/Pannel transmission schemes including both eMBB and URLLC specific schemes are separate UE sub-features.  The transmission schemes  including “Single-DCI based FDMSchemeA”, “Single-DCI based FDMSchemeB”, ”Single-DCI based TDMSchemeA” and ”Single-DCI based inter-slot TDM”  are specific for URLLC operation. 
URLLC based on transmission schemes and eMBB based on transmission schemes target to different deployment and usage scenarios. Furthermore from UE processing aspect, there are special scheduling and processing for URLLC operation related schemes compared eMBB operation i.e. mini-slot scheduling, CW combining within slots and across slots. 
In order to differentiate the test case introduced for single –DCI based transmission schemes with eMBB operation, we can further select transmission schemes among these schemes which specific for URLLC operation.
With above considerations, we proposed:
Proposal 1: Introducing PDSCH demodulation requirements for transmission schemes related to URLLC operation
· Detailed selection on transmission schemes can be further discussed to differentiate with the test case introduced for single –DCI based on transmission with eMBB operation. 
For URLLC enhancement, considering a parallel discussion on introducing Rel-15/Rel-16 URLLC performance requirement is still on-going under Rel-16 URLLC enhancement WI. And relevant test case design will depend on the progress on normal URLLC test cases and eMBB based NCJT Multi-TRP/Panel transmission test cases.  For saving RAN4 effort, we suggest to deprioritize detailed test case design for URLLC enhancement with NCJT Multi-TRP/Panel transmission after we have stable test case design for above two features.
Proposal 2: Deprioritize detailed test case design for  URLLC test cases pending on the progress on test case design for eMBB based NCJT Multi-TRP/Panel transmission test cases and normal URLLC test cases under Rel-16 URLLC WI.
· For URLLC relevant test cases, RAN4 only focused on test scope discussion in Q2 2020.
Issue 2: Necessity of introducing Performance requirements on single DCI based eMBB transmission schemes
It’s still FFS whether single-DCI based on test cases required or not. From UE receiver processing aspect, single-DCI and multi-DCI are two different transmission schemes including the difference among PDCCH scheduling, TCI state configuration and DMRS port mapping etc. From network deployment aspect, single DCI and multi-DCI schemes are related different deployment scenarios i.e. single DCI based on scheme majorly target for co-location and/or ideal-backhaul deployment  and multi-DCI based on scheme target for separate location and/or non-ideal backhaul deployments with multi-TRPs transmission. 
According to RAN1 feature group discussion, single DCI-based on transmission schemes and multi-DCI based on transmission schemes are belong to separate feature group (16-2a and 16-2b).
Proposal 3: Introducing PDSCH demodulation requirements for single DCI based transmission scheme with eMBB operation (Single-DCI based SDM scheme)
· Test applicable rules can be further discussed among single DCI-based on transmission test cases (eMBB) and multi-DCI based on transmission test cases (eMBB).
Issue 3:  Necessity of introducing Performance requirements on FR2 for multi-pannel/TRP tranmission schemes
In last RAN4 meeting, still FFS whether we will introduce FR2 test cases for multi-panel/TRP transmission schemes. 
	· Test scenario 
· FR1:  Define PDSCH requirement with cover scenarios with simultaneous reception from multi-TRP/Panel for eMBB
· FR2:  
· No PDSCH requirements with serval impendent Rx beam and simultaneous reception from multi-TRP/Panel for eMBB in FR2
· FFS on define PDSCH with covering scenarios with only 1 Rx beam with and simultaneous reception from multi-TRP/Panel for eMBB


From RAN1 feature design and feature list, all these transmission schemes can be applied and deployed for both FR1 and FR2 operation bands. It’s more realistic to enable multi-panel/TRP transmission schemes in FR2 with multiple beams directions for UE with multi-Rx panels which capable of simultaneously receiving multi-beam directions.  Dedicated UE features were introduced for simultaneous reception with multiple Beams (FG 16-2a-8, 16-2b-0) in RAN1.  
From RAN4 requirements aspect, till now there are no RF and RRM core requirements introduced for simultaneously multiple Rx beam directions.  Meanwhile it’s still possible to schedule UE which only capable of single Rx beam for multi-Panel/TRP transmission schemes in FR2 i.e. 
· FR2 scheduling scenario A: Schedule multi-panel/TRP transmission schemes in FR2 with single wide Rx beam assumption
· FR2 scheduling scenario B: DPS transmission schemes with beam switch /interruption  among PDSCH transmission from two Panel/TRPs in TDM manner (Rel-15 schemes with TCI state switch)
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Figure 1: FR2 Multi-Panel/TRP transmission scheduling for UE capble of single Rx Beam
Proposal 4: Introduce PDSCH demodulation requirements with Multi-Panel/TRP transmission schemes (eMBB) in FR2 with single wide Rx beam assumption.
2.2 Test Parameters (eMBB)
Issue 1- QCL and TCI state configurations
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.
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Figure 2: TCI state configuration example for NCJT multi-TRP/Panel transmission
Proposal 5-TCI state: TCI state configuration for FR2:
	TCI index
	Information
	FR2

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

	
	
	QCL Type
	Type C

	
	Type 2 QCL information
	SSB index
	SSB #0

	
	
	QCL Type
	Type D

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

	
	
	QCL Type
	Type A

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

	
	
	QCL Type
	Type D

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

	
	
	QCL Type
	Type A

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

	
	
	QCL Type
	Type D



Issue 2- Time/frequency offset Set-up
	· Assumption for UE receiver implementation
· The test case design should be ensure receiver implementation agnostic with assumption of single FFT operation
· Timing offset configuration 
· Define with timing offset between two TRPs, the timing offset setting should be ensured that all paths from TRPs are within CP 
· FFS on Set timing offset by scaled with SCS


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. 
For time offset, taking  LTE CoMP transmission scheme experience; postive and negative time offset according to FFT window has unsymetric performance impact in receiver side. 
For frequency offset, 0.1 ppm was specified as minimum RF frequency requirement for BS absolute frequency error which applied for the conditions as worst case. In reality, better performance can be achievable especially for multi-TRP/Panel deployment scenarios when these TRPs/Panels share same reference LO under typical deployment scenario. 
If we assume typical TRP can achieve +/-0.05 ppm frequency error performance, then relative frequency offset among two TPs can be 0.1 ppm. Considering frequency ranges difference for FDD and TDD operation bands in FR1, 200Hz and 300Hz can be applied for FR1 FDD and FR1 TDD.  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.
In order to derive proper timeoffset and frequency offset values, initial evlauation results were provided  in   our companion paper in [3].
Proposal 6: Timing offset between 2 TPs/Panels: 
Proposal 7: Frequency offset between 2 TPs/Panels: 
· FR1 FDD (15kHz SCS): [200Hz]
· FR1 TDD (30kHz SCS): [300Hz]
· FR2 TDD (120kHz SCS): FFS 
Issue 3: PDSCH scheduling (Overlapping, non-overlapping and partial overlapping transmission)
	· Whether to define PDSCH requirements for other scheduling schemes
· Option 1: at least partial overlapping
· Option 1a: Both partial overlapping and full-overlapping 
· Option 2: only non-overlapping 
· Option 3: Non-overlapping and full-overlapping if no requirements for single-DCI based multi-TRP will be introduced, Otherwise only non-overlapping 
· Option 4: Non-overlapping and partial overlapping if overlapping requirements for single-DCI based on multi-TRP will be introduced, Otherwise both partial and full-overlapping 


According to RAN1 UE feature list, Simultaneous reception of Multiple PDSCHs overlapping in frequency is a dedicated UE sub-feature for multi-DCI based on transmission schemes.  For partial overlapp, it’s hard to design the test case with balanced SNR/power levels in different RBs. Considering the test complexicity issue, we prefer not to introduce test case with partial overlapping. 
Proposal 8: For PDSCH scheduling 
· Single DCI based transmission : full overlapping
· Multi-DCI based on transmission:  introduce test cases for both Non overlapping and full overlapping 
· FFS for the detailed test applicable rules 
Issue 4: TRS colide configuartion 
	· FFS on consider the scenario with TRS/CSI-RS collide between two TPs


From network configuration aspect, it’s not excluded the case CSI-RS/TRS colliding with two panels. On the other side, there is no UE receiver process difference among with/without colliding although the performance probably will be different.  If network suffer non-negative performance loss, reasonable network scheduling should try to immigrate the performance loss by avoiding the confliction since the configurations for multi-Panel/TRP can be tight coordinated and control by network. 
Proposal 9: Don’t consider to configure colliding TRS/CSI-RS for eMIMO multi-Panel/TRP PDSCH demodulation requirements. 
2.3 Overall test cases (eMBB)
As summarized in below tables, RAN4 aims to define test cases covering the features introduced in physical layer meanwhile test effort and RAN4 workload also need to be take into accout.
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) 



Proposal 10: Introduce below test cases for Mutil-TRP/Pannel transmission schemes (eMBB basis)
· Test case 1a: 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:  [200Hz for FR1 FDD and 300Hz for FR1 TDD]
· Test case 1b: Single PDCCH based on Mutil-TRP/Pannel transmission with postive time offset
· Full overlapping scheduling PDSCH
· Layer combination: 1 +1 
· Two TCI states
· Time offset among TPs: 
· Frequency offset among 2TPs:  0Hz
· Test case 1c: Single PDCCH based on Mutil-TRP/Pannel transmission with negative time offset
· Full overlapping scheduling PDSCH
· Layer combination: 1 +1 
· Two TCI states
· Time offset among TPs: 
· Frequency offset among 2TPs:  0Hz
· Test case 2a: Mutil- PDCCH based on Mutil-TRP/Pannel transmission with frequency offset
· Non- overlapping scheduling PDSCH
· CW combination: 2+2
· Time offset among TPs: 
· Frequency offset among 2TPs:  [200Hz for FR1 FDD and 300Hz for FR1 TDD]
· ACK/NACK: Separate/Joint feedback
· Test case 2b: 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/Separate feedback
· Test case 2c: Mutil- PDCCH based on Mutil-TRP/Pannel transmission with negative timeoffset
· Full- overlapping scheduling PDSCH
· CW combination: 1+1
· Time offset among TPs:  
· Frequency offset among 2TPs:  0Hz
· ACK/NACK: Separate/Joint feedback
Proposal 11: Test applicable rules for UEs with different capability
	UE Type 
	Test 1a 
single DCI
Frequency offset
Overlapping 
	Test 1b 
single DCI
Positive time offset
Overlapping
	Test 1c
Single DCI
Negative time offset
Overlapping
	Test 2a
Multi DCI
Frequency offset
Non-Overlapping
	Test 2b
Multi DCI
Positive time offset
Non-Overlapping
	Test 2c
Multi DCI
Negative  time offset
Overlapping

	Only support single DCI 
	Yes
	Yes
	Yes
	
	
	

	Only support multi-DCI without overlapping 
	
	
	
	Yes
	Yes
	

	Only support multi-DCI and also support overlapping
	
	
	
	Yes
	Yes
	Yes

	Support both single DCI and multi-DCI
	
	
	Yes
	Yes
	Yes
	



3. Conclusion
In this contribution, Test case design for DL multi-panel/TRP transmission provided.
Test Scope
Proposal 1: Introducing PDSCH demodulation requirements for transmission schemes related to URLLC operation
· Detailed selection on transmission schemes can be further discussed to differentiate with the test case introduced for single –DCI based on transmission with eMBB operation. 
Proposal 2: Deprioritize detailed test case design for  URLLC test cases pending on the progress on test case design for eMBB based NCJT Multi-TRP/Panel transmission test cases and normal URLLC test cases under Rel-16 URLLC WI.
· For URLLC relevant test cases, RAN4 only focused on test scope discussion in Q2 2020.
Proposal 3: Introducing PDSCH demodulation requirements for single DCI based transmission scheme with eMBB operation (Single-DCI based SDM scheme)
· Test applicable rules can be further discussed among single DCI-based on transmission test cases (eMBB) and multi-DCI based on transmission test cases (eMBB).

Proposal 4: Introduce PDSCH demodulation requirements with Multi-Panel/TRP transmission schemes (eMBB) in FR2 with single wide Rx beam assumption.
Test set-up (eMBB)
Proposal 5-TCI state: TCI state configuration for FR2:
	TCI index
	Information
	FR2

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

	
	
	QCL Type
	Type C

	
	Type 2 QCL information
	SSB index
	SSB #0

	
	
	QCL Type
	Type D

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

	
	
	QCL Type
	Type A

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

	
	
	QCL Type
	Type D

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

	
	
	QCL Type
	Type A

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

	
	
	QCL Type
	Type D



Proposal 6: Timing offset between 2 TPs/Panels: 
Proposal 7: Frequency offset between 2 TPs/Panels: 
· FR1 FDD (15kHz SCS): [200Hz]
· FR1 TDD (30kHz SCS): [300Hz]
· FR2 TDD (120kHz SCS): FFS 
Proposal 8: For PDSCH scheduling 
· Single DCI based transmission : full overlapping
· Multi-DCI based on transmission:  introduce test cases for both Non overlapping and full overlapping 
· FFS for the detailed test applicable rules 
Proposal 9: Don’t consider to configure colliding TRS/CSI-RS for eMIMO multi-Panel/TRP PDSCH demodulation requirements. 
[bookmark: _GoBack]Overall Test cases (eMBB):
Proposal 10: Introduce below test cases for Mutil-TRP/Pannel transmission schemes (eMBB basis) as in section above. 
· Test 1a Single DCI with frequnecy offset and overlapping scheduling 
· Test 1b Single DCI with postive time offset and overlapping scheduling
· Test 1c Single DCI with negative time offset and overlapping scheduling
· Test 2a Multi- DCI with frequnecy offset and Non-overlapping scheduling 
· Test 2b Multi DCI with postive time offset and Non-overlapping scheduling
· Test 2c Multi DCI with negative time offset and overlapping scheduling
Proposal 11: Test applicable rules for UEs with different capability
	UE Type 
	Test 1a 
single DCI
Frequency offset
Overlapping 
	Test 1b 
single DCI
Positive time offset
Overlapping
	Test 1c
Single DCI
Negative time offset
Overlapping
	Test 2a
Multi DCI
Frequency offset
Non-Overlapping
	Test 2b
Multi DCI
Positive time offset
Non-Overlapping
	Test 2c
Multi DCI
Negative  time offset
Overlapping

	Only support single DCI 
	Yes
	Yes
	Yes
	
	
	

	Only support multi-DCI without overlapping 
	
	
	
	Yes
	Yes
	

	Only support multi-DCI and also support overlapping
	
	
	
	Yes
	Yes
	Yes

	Support both single DCI and multi-DCI
	
	
	Yes
	Yes
	Yes
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Annex-RAN1 feature list for eMIMO 
Table 1: UE feature list for eMIMO FG-16-2a
	16-2a
	Multi-DCI based multi-TRP
	1. The maximum number of CORESETs configured per “PDCCH-Config”
1. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per “PDCCH-Config”
1. The value of R=[1,2] for BD/CCE
1. [Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency] [for FR1]
FFS whether default value of R is needed

	16-2a-0
	Overlapping PDSCHs in time and non-overlapping in frequency
	1. Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency [merge with 16-2a? Merge with 16-2a-8?] [FR2 only?]

	16-2a-1
	Simultaneous reception of Multiple PDSCHs overlapping in frequency
	1. Support fully overlapping PDSCHs at frequency and partially/fully overlapping at time
2. Support partially overlapping PDSCHs in frequency and partially/fully overlapping in time
3. The maximum number of MIMO layers of each scheduled PDSCH [if  PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain]
4. The maximal number of PDSCH scrambling sequences per serving cell
FFS whether default values of component 3/4 to be included in 16-2a

	16-2a-2
	Out-of-order operation for DL
	1. Support out-of-order operation for PDCCH to PDSCH
2. Support out-of-order operation for PDSCH to HARQ-ACK

	16-2a-3
	Out-of-order operation for UL
	1. Support out-of-order operation for PDCCH to PUSCH

	16-2a-4
	HARQ-ACK for multi-DCI based multi-TRP - separate
	1. Support of separate HARQ-ACK
1. [Support of two TDMed long PUCCHs in a slot]

	16-2a-4a
	HARQ-ACK for multi-DCI based multi-TRP - joint
	1. Support of joint HARQ-ACK 

	16-2a-5
	Separate CRS rate matching
	Whether the UE shall rate match around configured CRS patterns which is associated with CORESETPoolIndex  (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same value of CORESETPoolIndex


	16-2a-6
	Default QCL enhancement for multi-DCI based multi-TRP
	Support of default QCL assumption per CORESETPoolIndex

	16-2a-7
	Maximum number of activated TCI states
	1. Support of maximum per CORESETPoolIndex
1. Support of total maximum
FFS whether default values to be included in 16-2a

	16-2a-8
	Simultaneous reception with different Type-D
	whether UE supports receiving time-overlapping [PDSCHs]/PDCCHs with different Type-D
FFS whether default values to be included in 16-2a

	16-2a-9
	[Simultaneous reception across CCs with Multi-DCI]
	[The maximum number of CCs supporting multi-DCI based multi-TRP simultaneously]

	16-2a-10
	Value of BD factor
	R=[(1,2] for BD/CCE



Table 2: UE feature list for eMIMO FG-16-2b
	16-2b-0
	Two default beams for single-DCI based multi-TRP
	Support of default QCL assumption with two TCI states

	16-2b-1
	Single-DCI based SDM scheme
	1. FFS: Support of  DCI indication of of 2 TCI states by a codepoint and DMRS ports within two CDM groups
2. Support of two PTRS ports
3. FFS Support of DMRS entry {0, 2, 3}

	16-2b-2
	Single-DCI based FDMSchemeA
	Support of FDMSchemeA

	16-2b-3
	Single-DCI based FDMSchemeB
	1. Support of FDMSchemeB
2. For FDMSchemeB, whether the UE can support CW soft combining

	16-2b-4
	Single-DCI based TDMSchemeA
	1. Support of TDMSchemeA
2. Supported maximum TBS size for TDMSchemeA

	16-2b-5
	Single-DCI based inter-slot TDM
	1. Support of MAC CE to activate two TCI states for a TCI codepoint
2. Support of RepNumR16 in PDSCH-TimeDomainResourceAllocation and the maximum value of RepNumR16
3. Supported maximum TBS size according to RepNumR16 in PDSCH-TimeDomainResourceAllocation
4. FFS: TCI state mapping to PDSCH transmission occasions (Cyclical mapping  or Sequential mapping)
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FR2 Scheduling scheme scenario A (single wide Rx beam)
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FR2 Scheduling scheme scenario B (Rx Beam switch with DPS transmission )
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