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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
	Yes
	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 test case design for multi-TRP/Panel transmission based on agreed WF in [1], [2] and simulation assumption in [3].
2. Discussion
2.1 Test scope
Issue 1:  Necessity of introducing Performance requirements for single DCI based URLLC transmission schemes 
According to agreed eMIMO UE feature list in RAN1, there are several transmsision schemes for single DCI based on Multi-TRP/Pannel transmission  including “SDM scheme”, “FDMscheme A”, ”FDM scheme B”,”TDM scheme A” and ”Inter-slot TDM scheme”, and these transmsision schemes are separate UE sub-features under eMIMO WI.   And we already agreed to introduce PDSCH requirements for single-DCI based on SDM transmission scheme (eMBB operation). 
In last RAN4 meeting, the major debat point for the necessity of introduing test cases of URLLC transmission schmes is whether UE behavior already covered by the agreed Multi-TRP transmisson test cases and/or test cases introduced under URLLC WI.
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. 
Compared to URLLC test cases, these transmission schemes also required to support multi-TCI states with different QCL information associated with same TBS which transmitted from different TRPs. 
Based on above analysis, the UE function/behaviour can be partially verified in the already agreed URLLC test cases or multi-TRP transmission test cases for eMBB transmission from UE processing aspect; meanwhile there are still delta compared what already agreed test cases. As a whole independent feature itself, the UE behaviour hasn’t been covered by existing test cases. 
With above considerations, we proposed:
Proposal 1-URRC test cases: Introducing PDSCH demodulation requirements for transmission schemes related to URLLC operation
· For detailed scheme, further down-selected with 1 or 2 scheme(s) from {FDM scheme A, FDM scheme B, TDM scheme A, inter-slot TDM scheme} ; 
· We preferred to  at least introduce test case covering TDM scheme
Issue 2:  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.  
Due to RAN4 Rel-16 core requirements limitation, Rel-16 requirements will be introduced under the assumption that UE only capable of1Rx beam at one time.  
The debate point in RAN4 whether there are realistic deployment scenarios to schedule UE which only capable of single Rx beam for multi-Panel/TRP transmission schemes in FR2. 
We see at least two potential scenarios for multi-panel/TRP transmission with same TX/Rx beam direction:
· FR2 scheduling scenario A: as show in figure 1 left, two panels implemented in the same site with same transmitted beam to UE 
· FR2 scheduling scenario B: as show in figure 1 right, two TRPs located in different sites with the same transmitted beam direction to UE 
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Figure 1: FR2 Multi-Panel/TRP transmission scheduling with single Tx/Rx beam direation (same QCL Type D)
Besides above possible multi-TRP/Panel transmission with single Tx/Rx beam direction in FR2, another possible transmission would be multi-TRP/Panel transmission with different transmission beams in TDM manner. In Rel-16 eMIMO WI, we support single-DCI based on TDM schemes (TDM scheme A, inter-slot TDM scheme) as shown in figure 2 below: 
[image: ]
Figure 2: FR2 Multi-Panel/TRP transmission scheduling withmulti-TX beams in TDM manner 
Proposal 2-FR2 Test cases: Introduce PDSCH demodulation requirements with Multi-Panel/TRP transmission schemes with below two cases in FR2:
· Single Tx/Rx beam with same QCL Type –D  for multi-TRP transmission (eMBB)
· Multi-TRP transmission with multi-TX beams in TDM manner (URLLC)
2.2 Test Parameters
2.2.1 Simulation results summary 
Following agreed simulation assumption in [3], we evaluated below 3 cases with different assumption of UE behaviour for comparison 
· Case 1: Ideal case without time/frequency offset 
· Case 2: w/o time/frequency compensation
· Case 3: with tracking and compensation 
Based on the evaluation results provided in annex, we have below general observations 
Observation 1: Without power scaling, 3 dB power offset observed among full-overlapping and non-overlapping cases as show in figure A.1-1.
Observation 2: Performance with time offset is more sensitive with/without time offset compensation under “TDLA-30” compared to “TDLC-300” fading channel as received path more concentrated show in figure A.1-2. 
Observation 3: Performance with frequency offset is more sensitive with/without frequency offset compensation under low Doppler spread case “TDLA-30 10Hz” compared to “TDLC-300-100Hz” as show in figure A.1-3.
Furthermore, In order to derive proper timeoffset and frequency offset values, tables below summarize SNR point at 70% reference TP.
Table 1: FR1 FDD mode 15kHz – Multi_DCI with non-overlapping 
	
	Ideal 
	200Hz Frequency offset
	2us time offset
	-0.5 us time offset

	Ideal 
	15.6 dB
	15.6 dB
	15.6 dB
	15.6 dB

	w/o compensation
	N.A
	20.1 dB
	INF
	18.3 dB

	With compensation
	N.A
	15.9 dB
	15.7 dB
	16.4 dB



Table 2: FR1 FDD mode 15kHz – Single_DCI with full-overlapping 
	
	Ideal 
	200Hz Frequency offset
	1us time offset
	-1 us time offset
	2us time offset
	-0.5us time offset

	Ideal 
	15.5 dB
	15.5 dB
	15.5 dB
	15.5 dB
	15.5 dB
	15.5 dB

	w/o compensation
	N.A
	22.0 dB
	22.4 dB
	22.7 dB
	INF dB
	18.5 dB

	With compensation
	N.A
	16.0 dB
	15.6 dB
	17.7 dB
	15.6 dB
	16.2 dB



[bookmark: _GoBack]Table 3: FR1 TDD mode 30kHz – Multi_DCI with non-overlapping 
	
	Ideal 
	300Hz Frequency offset
	1us time offset
	-0.25 us time offset

	Ideal 
	15.1 dB
	15.1 dB
	15.1 dB
	15.1 dB

	w/o compensation
	N.A
	19.4 dB
	INF
	17.1 dB

	With compensation
	N.A
	15.4 dB
	15.2 dB
	16.0 dB


 
Table 4: FR2 TDD mode 120kHz – Multi_DCI with non-overlapping 
	
	Ideal 
	600Hz Frequency offset
	0.25us time offset
	-0.0625us time offset

	Ideal 
	16.7 dB
	16.7 dB
	16.7 dB
	16.7 dB

	w/o compensation
	N.A
	18.4 dB
	19.1 dB
	17.7 dB

	With compensation
	N.A
	16.8 dB
	16.7 dB
	17.5 dB



With above tables, general observations:
Observation 4: For frequency offset, with 200Hz for FR1 FDD, 300Hz for FR1 TDD:
· There is enough performance gap to discriminate different UE behavior with and w/o time/frequency compensation.
· The performance loss compared to ideal case (without TO/FO) less than 0.5 dB with proper compensation. 
Observation 5: For positive time offset, 2us for FR1 FDD, 1us for FR1 TDD 
· Enough performance gap observed to discriminate UE behavior
· <0.5 dB performance loss observed compared to ideal case with proper compensation
Observation 6: For negative time offset,-0.5us for FR1 FDD, -0.25us for FR1 TDD 
· Performance gap among different UE behavior around 1~2 dB;
· <1 dB performance loss observed compared ideal case with proper compensation
Observation 7: For FR2 
· Performance gap around  1.6 dB with 600Hz frequency offset
· Performance gap around  2.4 dB with 0.25us time offset
· Performance gap around  0.2 dB with -0.0625us time offset
2.2.2 Time/Frequency offset among two TPs
Regarding time/frequency offset among two TPs, below agreements reached in last RAN4 meeting:
	· Reference for timing offset/frequency offset
· Option 1: 
· Using TP which carry on SSB transmission with default TCI state #0 as the reference TP (TP1) 
· Timing offset = time offset among TP2 and TP1
· Frequency offset  = frequency offset among TP2 and TP1
· Other options not precluded
· Baseline receiver assumption for FFT window timing
· Option 1: Assuming UE always fix FFT timing based on TCI state #0 (TP1) as baseline assumption to define RAN4 performance requirements
· Option 2: FFT timing based on TRP with the highest RSRP on sync signals + fixed timing shift
· Option 3: FFT timing based on nearest TRP
· Other options not precluded
· Timing offset among multi-panel/TRP
· Timing offset values
· Option 1: , = [-0.5, 2]μs
· Option 2: ,  = 2μs 
· Option 3: FFS on Introducing timing offset which scaled with SCS ∆t=2^(−μ) ∆t1, Candidate values for simulation purpose: {-1, -0.5, 1, 3}
· Values for requirements definition should be derived based on performance analysis and analysis on typical TO distributions. Final values should ensure that reasonable UE implementations can meet the requirements
· Frequency offset among multi-panel/TRP
· 200Hz for FR1 FDD 15kHz, 300Hz for FR1 TDD 30kHz



In order to avoid misleading and confusion, we need to define reference for timing offset/frequency offset set-up during test. For simplicity, we can use TP1 as reference for time/frequency offset setting up. Regarding SSB transmission, we didn’t have agreement whether only transmitted from TP1 or from both two TPs. To avoid ambiguity, TRS #1 associated with TP1 can be used.  
Proposal 3: Using TP1 as Reference to define timing and frequency offset：
· Timing offset = time offset among TP2 and TP1
· Frequency offset  = frequency offset among TP2 and TP1
Regarding reference receiver assumption, we need to define performance requirements in a receiver agnostic manner and the detailed FFT window adjustment strategy up to UE implementation i.e. option1, 2 and 3 list in above, all of them are reasonable and possible implementation. In RAN4 94bis-e meeting below agreement reached:
	· Assumption for UE receiver implementation
· The test case design should be ensure receiver implementation agnostic with assumption of single FFT operation


Meanwhile we also need to ensure UE implemented reasonable FFT window tracking and compensation operation  to  guranteen propoer performance in real network deployment. 
Proposal 4: Define performance requirements in receiver agonistic manner
· No need to align the receiver assumption, FFT window adjustment strategy up to UE implementation as well as proper performance ensured by requirements 
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. Resonable UE implemeantion will employ some strategy to reduce the probablity  of negative time offset refer to FFT window i.e. adjusting FFT window based on the earlist received signal path, nearest TRP with strogest received power plus fixed timing offset.  On the other hand,there is always a probablity that  received signals arrive before or  lag behind FFT window in reality considering UE mobility and FFT window adjustment cycle i.e. UE move to the center area among two TPs. 
With above considerations, we proposed to introduce both postive and negative offset among two TPs to ensure proper UE implemantion and performance.
Proposal 5: Introduce both negative and positive time offset among two TPs to ensure proper UE performance consdering UE mobility.
Then reagrding detailed values, candiadate values {-0.5, 2} us derived from LTE TM10 test cases with extensive discussion and performance analysis in Rel-11 can be used as starting point.  Based on our evaluation resuts and sumamry, we proposed:
Proposal 6: Introduce time offset as following for FR1
· The time offset value scaled with SCS 
· FR1 FDD 15kHz: {2,-0.5} us
· FR1 TDD 30kHz: {1,-0.25} us 
Proposal 7: For FR2, further evaluate below candidate values:
· Frequency offset: {1400Hz,2800Hz}  which is 0.05~ 0.1 ppm of 28GHz
· Positive time offset: {0.25us, 0.375us, 0.5us}   which is 1/8 ~ 1/4 of 2su
· Negative time offset: {-0.0625us, -0.09375us, -0.125 us} which is 1/8 ~ 1/4 of -0.25us
2.2.3 Other test parameters
There are remaning open issues for test set-up in last RAN4 meeting simulation assumption.
	PDSCH configuration for each TRP: Antenna configuration: 
· Option1: Only 2T2R, 2T4R 
· Option2: Both 2T2R, 2T4R and 4T2R, 4T4R



In our view both 2Tx and 4Tx per TRP can serve test purpose, no need to have duplicated test cases with both 2Tx and 4Tx per TRP. Furthermore, 2Tx per TRP have less test complexity considering required independent MIMO faders and which also aligned with existing Rel-15 PDSCH rank2 demodulation test cases.
Proposal 8: Using only 2Tx per TRP as antenna configuration to introduce test cases.
	Multi-DCI based PDSCH requirements: Resource allocation
· Option 1: Only non-overlapping cases 
· Option 2: Both non-overlapping and full-overlapping cases 


For resource allocation, considering we already introduce full-overlapping cases for single-DCI based on transmission scheme. Even from UE feature aspect, supporting single –DCI, and multi-DCI with and w/o overlapping are separate transmission schemes, most likely if UE support multi-DCI with overlapping transmission scheme, UE can also single-DCI transmission scheme. 
Considering workload and test effort, we propose:
Proposal 9: Only introduce non-overlapping cases for multi-DCI based on PDSCH requirements. 
[image: ] [image: ]
Figure 3: TCI state configuration example for NCJT multi-TRP/Panel transmission
2.3 Overall test cases 
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 account.
Table 1: Summary of eMBB NCJT multi-TRP/Panel 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) 



We proposed to introduce below test cases for single-DCI and multi-DCI test cases:
Test case 1: Single-DCI based on PDSCH requirements with fully overlapping resource (eMBB) 
· Test 1a: Single-DCI with frequency offset and negative time offset 
· Test 1b: Single-DCI with positive time offset 
Test case 2: Multi-DCI based on PDSCH requirements with non- overlapping resource (eMBB) 
· Test 2a: Multi-DCI with frequency offset and negative time offset 
· Test 2b: Multi-DCI with positive time offset 
Test case 3: Single-DCI based on PDSCH requirements (URLLC) 
· Test 3a: Single-DCI based  FDM scheme A with frequency offset and negative time offset
· Test 3b: Single-DCI based inter-slot TDM with positive time offset
Overall, we will have 6 test cases per duplex mode. 
3. Conclusion
In this contribution, Test case design for DL multi-panel/TRP transmission was provided.
Test scope:
Proposal 1-URRC test cases: Introducing PDSCH demodulation requirements for transmission schemes related to URLLC operation
· For detailed scheme, further down-selected with 1 or 2 scheme(s) from {FDM scheme A, FDM scheme B, TDM scheme A, inter-slot TDM scheme} ; 
· We preferred to  at least introduce test case covering TDM scheme
Proposal 2-FR2 Test cases: Introduce PDSCH demodulation requirements with Multi-Panel/TRP transmission schemes with below two cases in FR2:
· Single Tx/Rx beam with same QCL Type –D  for multi-TRP transmission (eMBB scheme)
· Multi-TRP transmission with multi-TX beams in TDM manner (URLLC TDM scheme)
Evaluation results: 
Furthermore, initial valuation results were provided in Annex with below general observations.
General observation: It’s feasible to use the agree test parameters to introduce performance requirements.
Observation 1: Without power scaling, 3 dB power offset observed among full-overlapping and non-overlapping cases as show in figure A.1-1.
Observation 2: Performance with time offset is more sensitive with/without time offset compensation under “TDLA-30” compared to “TDLC-300” fading channel as received path more concentrated as show in figure A.1-2. 
Observation 3: Performance with frequency offset is more sensitive with/without frequency offset compensation under low Doppler spread case “TDLA-30-10Hz” compared to “TDLC-300-100Hz” as show in figure A.1-3.
Observation 4: For frequency offset, with 200Hz for FR1 FDD, 300Hz for FR1 TDD:
· There is enough performance gap to discriminate different UE behavior with and w/o time/frequency compensation
· The performance loss compared to ideal case (without TO/FO) less than 0.5 dB with proper compensation
Observation 5: For positive time offset, 2us for FR1 FDD, 1us for FR1 TDD 
· Enough performance gap observed to discriminate UE behaviour
· <0.5dB performance loss compared to ideal case with proper compensation
Observation 6: For negative time offset,-0.5us for FR1 FDD, -0.25us for FR1 TDD 
· Performance gap among different UE behaviour around 1~2 dB
· <1 dB performance loss observed compared ideal case with proper compensation
Observation 7: For FR2 
· Performance gap around  1.6 dB with 600Hz frequency offset
· Performance gap around  2.4 dB with 0.25us time offset
· Performance gap around  0.2 dB with -0.0625us time offset
Test parameters
Based on simulation results, proposals were given for undecided parameters.
Proposal 3: Using TP1 as Reference to define timing and frequency offset：
· Timing offset = time offset among TP2 and TP1
· Frequency offset  = frequency offset among TP2 and TP1
Proposal 4: Define performance requirements in receiver agonistic manner
· No need to align the receiver assumption, FFT window adjustment strategy up to UE implementation as well as proper performance ensured by requirements 
Proposal 5: Introduce both negative and positive time offset among two TPs to ensure proper UE performance considering UE mobility.
Proposal 6: Introduce time offset as, = [-0.5, 2] μs
· The time offset value scaled with SCS 
· FR1 FDD 15kHz: {2,-0.5} us
· FR1 TDD 30kHz: {1,-0.25} us 
Proposal 7: For FR2, further evaluate below candidate values:
· Frequency offset: {1400Hz,2800Hz}  which is 0.05~ 0.1 ppm of 28GHz
· Positive time offset: {0.25us, 0.375us, 0.5us}   which is 1/8 ~ 1/4 of 2su
· Negative time offset: {-0.0625us, -0.09375us, -0.125 us} which is 1/8 ~ 1/4 of -0.25us
Proposal 8: Using only 2Tx per TRP as antenna configuration to introduce test cases.
Proposal 9: Only introduce non-overlapping cases for multi-DCI based on PDSCH requirements. 
Overall Test cases:
Based on the analysis in the contribution, a general picture for whole demodulation test cases under Rel-16 eMIMO WI was given with 6 test cases per duplex mode.
Test case 1: Single-DCI based on PDSCH requirements with fully overlapping resource (eMBB) 
· Test 1a: Single-DCI with frequency offset and negative time offset 
· Test 1b: Single-DCI with positive time offset 
Test case 2: Multi-DCI based on PDSCH requirements with non- overlapping resource (eMBB) 
· Test 2a: Multi-DCI with frequency offset and negative time offset 
· Test 2b: Multi-DCI with positive time offset 
Test case 3: Single-DCI based on PDSCH requirements (URLLC) 
· Test 3a: Single-DCI based FDM scheme A with frequency offset and negative time offset
· Test 3b: Single-DCI based inter-slot TDM with positive time offset
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Annex Simulation results 
Annex.1 FR1 FDD mode
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Figure A.1-1: FR1 FDD: fully overalpping vs non- overlapping , TDLC300-100,  2*2 
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Figure A.1-2: FR1 FDD: TDLC300-100 vs TDLA30-100 with 2us time offset
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Figure A.1-3: FR1 FDD: TDLA30-100  vs TDLA30-5 with 200Hz frequency offset
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Figure A.1-4: FR1 FDD: Multi_DCI with non-overalpping, TDLA30-10, 2*2 
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Figure A.1-5: FR1 FDD: Single_DCI with full-overalpping, TDLA30-10, 2*2 
[image: ]
Figure A.1-6: FR1 FDD: Single_DCI with full-overalpping, TDLA30-10, 2*2 with time offset {2us , -0.5 us}
Annex.2 FR1 TDD mode
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Figure A.2-1: FR1 TDD: Multi_DCI with non-overalpping, TDLA30-10, 2*2 
Annex.3 FR2 TDD mode
[image: ]
Figure A.3-1: FR2 TDD: Multi_DCI with non-overalpping, TDLA30-10, 2*2 
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FR2 Scheduling scheme scenario C (Multi TX beams in TDM manner)
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