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1	Introduction
In the last RAN4 meeting, the WF was approved regarding to the demodulation requirement based on multi-TRP/Panel transmission for NR eMIMO [1]. The agreements related to Multi-TRP (eMBB basis) requirements were reached in the WF as listed below:
	· Assumption for UE receiver implementation
· The test case design should be ensure receiver implementation agnostic with assumption of single FFT operation
· Timing offset configuration 
· Study suitable upper bounds on propagation delay difference. The following values can be used from LTE Rel-11 CoMP (-0.5us and 2us) as a starting point
· FR1  FDD (15KHz SCS)
· Positive upper bound 
· Option 1:  [2] us
· Other options are not precluded
· FFS on Negative upper bound
· FR1  TDD (30KHz SCS)
· Positive upper bound 
· Option 1:  [1] us 
· Option 2: [2] us
· Other options are not precluded
· FFS on Negative upper bound
· FFS on FR2 TDD (120 KHz)
· Positive upper bound
· Option 1: [0.25] us 
· Other options are not precluded
· FFS on Negative upper bound
· Frequency offset configuration 
· FR1
· FDD (15KHz SCS) :  
· Option 1: 200 Hz
· Option 2: 300Hz
· Other options are not precluded
· TDD (30KHz SCS):  
· Option 1 :300 Hz
· Option 2: 600 Hz
· Other options are not precluded
· FFS on FR2
· TDD (120KHz SCS): (0~600 Hz)
· Other options are not precluded


In this contribution, the initial simulation results are provided to verify proper time offset and frequency offset values.
2	Simulation results
We provide initial simulation results of Multi-TRP tests with two TRPs under Non-overlapping and Full-overlapping scenario respectively.  Besides, we also take the Timing offset and Frequency offset into consideration to observe the related performance influence.
· FDD
[image: ]
Observation 1:  The performance gap between Non-Overlap and Full-Overlap is 3dB based on same information bit payload configuration.
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Fig2-1: SNR--Throughput of Full-overlapping with Frequency offset=200Hz 
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Fig2-2: SNR--Throughput of Full-overlapping with Timing offset=2us
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Fig2-3: SNR--Throughput of Full-overlapping with Timing offset=-0.5us

Table2-1: SNR point at 70% of peak throughput FDD
	nTx ports
	2Tx*2TRP  Full-overlapping

	Scenario
	Frequency offset=200Hz
	Timing offset=2us
	Timing offset=-0.5us

	SNR point for PDSCH without TRS
	10.0dB
	8.33dB
	7.65dB

	SNR point for PDSCH with TRS
	7.48dB
	7.45dB
	7.65dB



As indicated in the figures, the performance has some degradation with impact of timing offset and frequency offset. With TRS configured, the performance can be close with ideal case on scenario of plus Timing offset and Frequency offset.
[bookmark: _GoBack]Observation 2:  With 200Hz frequency offset, there is 2.5 dB performance gap to distinguish different UE behavior with MCS13 (16QAM).
Observation 3: With 2us time offset, the performance gap is <1 dB under MCS 13 (16QAM)
Observation 4: With -0.5 us frequency offset, no much performance difference for MCS13 (16QAM).
In order to ensure proper UE behavior, higher MCS i.e. 64QAM need to be considered for further evaluation. 
· TDD

Fig2-4: SNR--Throughput of Full-overlapping with Timing offset=-0.25us

Fig2-5: SNR--Throughput of Full-overlapping with Timing offset=1us

Fig2-6: SNR--Throughput of Full-overlapping with Frequency offset=300Hz

Table2-1: SNR point at 70% of peak throughput TDD
	nTx ports
	2Tx*2TRP  Full-overlapping

	Scenario
	Frequency offset=300Hz
	TA offset=2us
	TA offset=-0.5us

	SNR point for PDSCH without TRS
	
	
	

	SNR point for PDSCH with TRS
	
	
	




3	Conclusion
In this contribution, the initial simulation results are provided with Multi-TRP of eMBB under non-overlapping and full-overlapping with Timing offset and Frequency offset 
Observation 1:  The performance gap between Non-Overlap and Full-Overlap is 3dB based on same information bit payload configuration.
Observation2:  With 200Hz frequency offset, there is 2.5 dB performance gap to distinguish different UE behavior with MCS13 (16QAM).
Observation 3: With 2us time offset, the performance gap is <1 dB under MCS 13 (16QAM)
Observation 4: With -0.5 us frequency offset, no much performance difference for MCS13 (16QAM).
In order to ensure proper UE behavior, higher MCS i.e. 64QAM need to be considered for further evaluation
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Appendix
Simulation assumption for FDD:
	Parameter
	Unit
	TRP1
	TRP2

	Bandwidth
	MHz
	10

	Subcarrier spacing
	kHz
	15

	Duplex Mode
	
	FDD

	Propagation channel
	
	TDLC300-100

	Antenna configuration
	
	LOW  2x2
	LOW  2x2

	Cell ID
	
	0
	2

	DMRS configuration
	CDM group index
	
	0
	1

	
	Additional number
	
	1

	CSI-RS configuration
	ZP CSI-RS
	
	Not configured

	
	NZP CSIRS for measurement
	
	Not configured

	
	CSI IM
	
	Not configured

	TRS configuration
	Resource number
	
	4

	
	Time domain location
	
	l0=6;l1=10

	
	Frequency domain location
	
	k0=0; k1=4; k2=8
	k0=2; k1=6; k2=10

	
	Time Config
interval and offset
	slot
	20/10

	Timing Offset
	us
	0
	2/-0.5

	Frequency Offset
	Hz
	0
	200

	CSI Feedback
	
	Not configured

	Maximum number of HARQ transmission
	
	4

	Measurement channel
	
	MCS 13 FDD (see FRC)

	



Simulation assumption for TDD (different value from FDD):
	Parameter
	Unit
	TRP1
	TRP2

	Bandwidth
	MHz
	40

	Subcarrier spacing
	kHz
	30

	Time Config interval and offset
	slot
	40/20

	Maximum number of HARQ transmission
	
	4

	Measurement channel
	
	MCS 13 TDD (see FRC)




PDSCH Reference Channel for FDD
	Parameter
	Unit
	Value

	Reference channel
	
	R.PDSCH.1-2.1 FDD

	Channel bandwidth
	MHz
	10

	Subcarrier spacing
	kHz
	15

	Number of allocated resource blocks
	PRBs
	52

	Number of consecutive PDSCH symbols
	
	12

	Allocated slots per 2 frames
	Slots
	19

	MCS table
	
	64QAM

	MCS index
	
	13

	Modulation
	
	16QAM

	Target Coding Rate
	
	0.48

	Number of MIMO layers
	
	1

	Number of DMRS rEs
	
	24

	Overhead for TBS determination
	
	0

	Information Bit Payload per Slot 
	
	

	  For Slot i = 0
	Bits
	N/A

	  For Slots i = 1,…, 19
	Bits
	12040

	Transport block CRC per Slot
	
	

	  For Slot i = 0
	Bits
	N/A

	  For Slots i = 1,…, 19
	Bits
	24

	Number of Code Blocks per Slot
	
	

	  For Slot i = 0
	CBs
	N/A

	  For Slots i = 1,…, 19
	CBs
	2

	Binary Channel Bits Per Slot
	
	

	  For Slot i = 0
	Bits
	N/A

	  For Slots i = 10, 11
	Bits
	23712

	  For Slots i =1,…, 9, 12, …, 19
	Bits
	24960

	Max. Throughput averaged over 2 frames
	Mbps
	11.438




PDSCH Reference Channel for TDD
	Parameter
	Unit
	Value

	Reference channel
	
	R.PDSCH.2-2.1 TDD

	Channel bandwidth
	MHz
	40

	Subcarrier spacing
	kHz
	30

	Allocated resource blocks
	PRBs
	106

	Number of consecutive PDSCH symbols
	
	

	  For Slot i, if mod(i, 10) = 7 for i from {0,…,39}
	
	4

	  For Slot i, if mod(i, 10) = {0,1,2,3,4,5,6})for i from {1,…,39}
	
	12

	Allocated slots per 2 frames
	
	31

	MCS table
	
	64QAM

	MCS index
	
	13

	Modulation
	
	16QAM

	Target Coding Rate
	
	0.48

	Number of MIMO layers
	
	1

	Number of DMRS rEs
	
	

	  For Slot i, if mod(i, 10) = 7 for i from {0,…,39}
	
	12

	  For Slot i, if mod(i, 10) = {0,1,2,3,4,5,6} for i from {1,…,39}
	
	24

	Overhead for TBS determination
	
	0

	Information Bit Payload per Slot 
	
	

	  For Slots 0 and Slot i, if mod(i, 10) = {8,9} for i from {0,…,39}
	Bits
	N/A

	  For Slot i, if mod(i, 10) = 7 for i from {0,…,39}
	Bits
	7296

	  For Slot i, if mod(i, 10) = {0,1,2,3,4,5,6} for i from {1,…,39}
	Bits
	24576

	Transport block CRC per Slot
	
	

	  For Slots 0 and Slot i, if mod(i, 10) = {8,9} for i from {0,…,39}
	Bits
	N/A

	  For Slot i, if mod(i, 10) = 7 for i from {0,…,39}
	Bits
	24

	  For Slot i, if mod(i, 10) = {0,1,2,3,4,5,6}for i from {1,…,39}
	Bits
	24

	Number of Code Blocks per Slot
	
	

	  For Slots 0 and Slot i, if mod(i, 10) = {8,9} for i from {0,…,39}
	CBs
	N/A

	  For Slot i, if mod(i, 10) = 7 for i from {0,…,39}
	CBs
	2

	  For Slot i, if mod(i, 10) = {0,1,2,3,4,5,6} for i from {1,…,39}
	CBs
	4

	Binary Channel Bits Per Slot
	
	

	  For Slots 0 and Slot i, if mod(i, 10) = {8,9} for i from {0,…,39}
	Bits
	N/A

	  For Slots i = 20, 21
	Bits
	47064

	  For Slot i, if mod(i, 10) = 7 for i from {0,…,39}
	Bits
	15264

	  For Slot i, if mod(i, 10) = {0,1,2,3,4,5,6} for i from {1,…,19,22,…,39}
	Bits
	50880

	Max. Throughput averaged over 2 frames
	Mbps
	34.637
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