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Background
In RAN4#1807 Adhoc meeting, Way forward [1] was approved with the following agreements for 8Rx SDR test: 
· 64QAM
· Rank: 8
· Tx EVM: 6%
· Choose MCS from range [23-27]
· 256QAM
· Tx EVM: 3%
· Option 1: Rank 8 + MCS 20
· Other options are not precluded
· Rank 2/4 SDR tests
· FFS applicability rule
In this contribution, we share the views about the open issues for SDR tests.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
For the SDR tests, as per the test purpose defined in TS 36.101 section 8.7:
The purpose of the test is to verify that the Layer 1 and Layer 2 correctly process in a sustained manner the received packets corresponding to the maximum number of DL-SCH transport block bits received within a TTI for the UE category indicated. The sustained downlink data rate shall be verified in terms of the success rate of delivered PDCP SDU(s) by Layer 2. The test case below specifies the RF conditions and the required success rate of delivered TB by Layer 1 to meet the sustained data rate requirement. The size of the TB per TTI corresponds to the largest possible DL-SCH transport block for each UE category using the maximum number of layers for spatial multiplexing. Transmission modes 1 and 3 are used with radio conditions resembling a scenario where sustained maximum data rates are available.
From the above yellow highlighted part, we can know the largest possible DL-SCH TB using the maximum number of layers for spatial multiplexing, for the 8Rx SDR test, to correctly verify the UE’s process for the SDR, the maximum number of layers of 8 should be used.
For the specific MCS to be selected, it depends on the achievable SNR value for the 85% TB success rate.
Simulation assumptions
Table 1: Test case for SDR test
	Transmission mode
	Bandwidth
	Modulation order
	propagation channel
	antenna configuration and correlation

	TM9
	10MHz
	64QAM
	8x8 static channel
	8x8 low

	
	
	256QAM
	
	



The 8x8 static channel is given by
	
which is a full rank matrix.

Table 2.1-1: Common parameters for TM9 with 8 Layer Spatial Multiplexing (User-Specific Reference Symbols)
	Parameter
	Unit
	Test 1

	Downlink power allocation
	
	dB
	0

	
	
	dB
	0 (Note 1)

	
	
	dB
	-3

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports 15,…,22

	Beamforming model
	
	Annex B.4.3(Note 4, 5)

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS 
	Subframes
	5 / 2

	CSI reference signal configuration
	
	3

	Zero-power CSI-RS configuration
ICSI-RS /
ZeroPowerCSI-RS bitmap 
	Subframes / bitmap
	3 /
0001000000000000

	at antenna port
	dBm/15kHz
	-98

	Symbols for unused PRBs
	
	OCNG (Note 3)

	Cyclic prefix
	
	Normal

	Cell ID
	
	0

	Inter-TTI Distance
	
	1

	Number of HARQ processes per component carrier
	Processes
	8

	Maximum number of HARQ transmission
	
	4

	Redundancy version coding sequence
	
	{0,0,1,2} for 64QAM and 256QAM

	Number of allocated resource blocks (Note 2)
	PRB
	50

	Number of OFDM symbols for PDCCH per component carrie
	OFDM symbols
	1

	Propagation condition
	
	Static propagation condition
No external noise sources are applied

	Simultaneous transmission
	
	No

	PDSCH transmission mode
	
	9

	Precoding granularity
	
	50

	PMI delay
	
	8

	Reporting interval
	
	1

	Reporting mode
	
	PUSCH 3-1

	alternativeCodeBookEnabledFor4TX-r12
	
	False

	CodeBookSubsetRestriction bitmap
	
	0xFFFF000000000000

	Note 1:	.
Note 2:	50 resource blocks are allocated in sub-frames 1,2,3,4,6,7,8,9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0.
Note 3:	These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated.
Note 4:	The precoder in clause B.4.3 follows UE recommended PMI.
Note 5:	If the UE reports in an available uplink reporting instance at subrame SF#n based on PMI estimation at a downlink SF not later than SF#(n-4), this reported PMI cannot be applied at the eNB downlink before SF#(n+4).



Table 2.1-2: FRC for 8 layers under 64QAM for SDR
	Parameter
	Unit
	Value

	Reference channel
	
	R.x1 FDD
MCS20
	R.x2 FDD
MCS21
	R.x3 FDD
MCS22
	R.x4 FDD
MCS23
	R.x5 FDD
MCS24
	R.x6 FDD
MCS25
	R.x7 FDD
MCS26
	R.x8 FDD
MCS27

	Channel bandwidth
	MHz
	50
	50
	50
	10
	10
	10
	10
	10

	Allocated resource blocks (Note 3)
	
	10
	10
	10
	50
	50
	50
	50
	50

	Allocated subframes per Radio Frame
	
	64QAM
	64QAM
	64QAM
	10
	10
	10
	10
	10

	Modulation
	
	50
	50
	50
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM

	Coding Rate
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,4,6,9
	
	0.549
	0.591
	0.633
	0.710
	0.768
	0.802
	0.868
	0.896

	  For Sub-Frames 2,7
	
	0.588
	0.633
	0.679
	0.761
	0.823
	0.860
	0.86
	0.86

	  For Sub-Frames 3,8
	
	0.568
	0.611
	0.655
	0.735
	0.794
	0.830
	0.90
	0.90

	  For Sub-Frame 0
	
	0.669
	0.721
	0.772
	0.772
	0.866
	0.866
	0.866
	0.866

	  For Sub-Frame 5
	
	0.677
	0.722
	0.778
	0.833
	0.833
	0.833
	0.833
	0.833

	Information Bit Payload
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,4,6,9
	Bits
	78704
	84760
	90816
	101840
	110136
	115040
	124464
	128496

	  For Sub-Frames 2,7
	Bits
	78704
	84760
	90816
	101840
	110136
	115040
	115040
	115040

	  For Sub-Frames 3,8
	Bits
	78704
	84760
	90816
	101840
	110136
	115040
	124464
	124464

	  For Sub-Frame 0
	Bits
	78704
	84760
	90816
	90816
	101840
	101840
	101840
	101840

	  For Sub-Frame 5
	Bits
	73712
	78704
	84760
	90816
	90816
	90816
	90816
	90816

	Number of Code Blocks 
(Notes 4)
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,4,6,9
	Bits
	13
	14
	15
	17
	18
	19
	21
	21

	  For Sub-Frames 2,7
	Bits
	13
	14
	15
	17
	18
	19
	19
	19

	  For Sub-Frames 3,8
	Bits
	13
	14
	15
	17
	18
	19
	21
	21

	  For Sub-Frame 0
	Bits
	13
	14
	15
	15
	17
	17
	17
	17

	  For Sub-Frame 5
	Bits
	13
	13
	14
	15
	15
	15
	15
	15

	Binary Channel Bits
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,4,6,9
	Bits
	144000
	144000
	144000
	144000
	144000
	144000
	144000
	144000

	  For Sub-Frames 2,7
	Bits
	134400
	134400
	134400
	134400
	134400
	134400
	134400
	134400

	  For Sub-Frames 3,8
	Bits
	139200
	139200
	139200
	139200
	139200
	139200
	139200
	139200

	  For Sub-Frame 0
	Bits
	118080
	118080
	118080
	118080
	118080
	118080
	118080
	118080

	  For Sub-Frame 5
	Bits
	109440
	109440
	109400
	109440
	109440
	109400
	109440
	109400

	Number of layer
	
	8
	8
	8
	8
	8
	8
	8
	8

	Max. Throughput averaged over 1 frame (Note 5)
	Mbps
	78.2048
	84.1544
	90.2104
	99.6352
	107.3744
	111.2976
	116.9520
	118.5648

	UE Category
	
	UE category 8
	UE category 8
	UE category 8
	UE category 8
	UE category 8
	UE category 8
	UE category 8
	UE category 8

	UE DL Category
	
	DL category 14,18,19,20
	DL category 14,18,19,20
	DL category 14,18,19,20
	DL category 14,18,19,20
	DL category 14,18,19,20
	DL category 14,18,19,20
	DL category 14,18,19,20
	DL category 14,18,19,20

	Note 1:	1 symbols allocated to PDCCH.
Note 2:	Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].
Note 3:	Resource blocks 	nPRB = 3..49 are allocated for the user data in sub-frame 5; 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0; resource blocks nPRB = 0..49 are allocated in sub-frames 1,2,3,4,6,7,8,9. 
Note 4:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
Note 5: 	Given per component carrier per codeword.



Table 2.1-3: FRC for 8 layers with 8x8 antenna configuration under 256QAM for SDR
	Parameter
	Unit
	Value

	Reference channel
	
	R.y1 FDD
MCS20
	R.y2 FDD
MCS21
	R.y3 FDD
MCS20
	R.y4 FDD
MCS21
	R.y5 FDD
MCS22

	Channel bandwidth
	MHz
	10
	10
	10
	10
	10

	Allocated resource blocks (Note 3)
	
	50
	50
	50
	50
	50

	Allocated subframes per Radio Frame
	
	10
	10
	10
	10
	10

	Modulation
	
	256QAM
	256QAM
	256QAM
	256QAM
	256QAM

	Coding Rate
	
	
	
	
	
	

	  For Sub-Frames 1,4,6,9
	
	0.60
	0.65
	0.67
	0.70
	0.744

	  For Sub-Frames 2,7
	
	0.64
	0.70
	0.72
	0.75
	0.797

	  For Sub-Frames 3,8
	
	0.62
	0.67
	0.70
	0.72
	0.770

	  For Sub-Frame 0
	
	0.73
	0.79
	0.73
	0.79
	0.820

	  For Sub-Frame 5
	
	0.76
	0.79
	0.79
	0.86
	0.884

	Information Bit Payload
	
	
	
	
	
	

	  For Sub-Frames 1,4,6,9
	Bits
	115040
	124464
	128496
	133208
	142248

	  For Sub-Frames 2,7
	Bits
	115040
	124464
	128496
	133208
	142248

	  For Sub-Frames 3,8
	Bits
	115040
	124464
	128496
	133208
	142248

	  For Sub-Frame 0
	Bits
	115040
	124464
	115040
	124464
	128496

	  For Sub-Frame 5
	Bits
	110136
	115040
	115040
	124464
	128496

	Number of Code Blocks 
(Notes 4)
	
	
	
	
	
	

	  For Sub-Frames 1,4,6,9
	Bits
	19
	21
	21
	22
	24

	  For Sub-Frames 2,7
	Bits
	19
	21
	21
	22
	24

	  For Sub-Frames 3,8
	Bits
	19
	21
	21
	22
	24

	  For Sub-Frame 0
	Bits
	19
	19
	19
	21
	21

	  For Sub-Frame 5
	Bits
	18
	19
	19
	21
	21

	Binary Channel Bits
	
	
	
	
	
	

	  For Sub-Frames 1,4,6,9
	Bits
	192000
	192000
	192000
	192000
	192000

	  For Sub-Frames 2,7
	Bits
	179200
	179200
	179200
	179200
	179200

	  For Sub-Frames 3,8
	Bits
	185600
	185600
	185600
	185600
	185600

	  For Sub-Frame 0
	Bits
	157440
	157440
	157440
	157440
	157440

	  For Sub-Frame 5
	Bits
	145920
	145920
	145920
	145920
	145920

	Number of layer
	
	8
	8
	8
	8
	8

	Max. Throughput averaged over 1 frame (Note 5)
	Mbps
	61.5568
	64.8552
	68.3736
	
	

	UE Category
	
	UE category 8
	UE category 8
	UE category 8
	UE category 8
	UE category 8

	UE DL Category
	
	DL category 14,18,19,20
	DL category 14,18,19,20
	DL category 14,18,19,20
	DL category 14,18,19,20
	DL category 14,18,19,20

	Note 1:	1 symbols allocated to PDCCH.
Note 2:	Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].
Note 3:	Resource blocks 	nPRB = 3..49 are allocated for the user data in sub-frame 5; 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0; resource blocks nPRB = 0..49 are allocated in sub-frames 1,2,3,4,6,7,8,9. 
Note 4:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
Note 5: 	Given per component carrier per codeword.



For subframe 0 and 5, the TBS in lower ITBS is selected to ensure a closer coding rate as much as possible to other subframes.
Simulation results
[image: ]
Figure 1: Simulation results for SDR 64QAM+Rank 8 with 64QAM MCS table

[image: ]
Figure 2: Simulation results for SDR 256QAM+Rank 8 with 256QAM MCS table

From the above simulation results shown in Figure 1 and Figure 2, the corresponding SNR@85% TB success rate is as following:
	Modulation
	MCS
	SNR@85% TB success rate

	64QAM
	20
	21.16

	
	21
	22.27

	
	22
	23.34

	
	23
	25.21

	
	24
	26.51

	
	25
	27.70

	
	26
	29.52

	
	27
	30.66

	256QAM
	18
	27.35

	
	19
	28.45

	
	20
	29.35

	
	21
	29.66

	
	22
	31.13



Take the assumption of testable SNR is up to 24 dB for 64QAM and 30 dB for 256QAM, we think that MCS21 for 64QAM and MCS18 for 256QAM for 8Rx SDR test can be selected considering further impairment is needed on top of the above results.
Proposal 1: Choose MCS21 for 64QAM and MCS18 for 256QAM for 8Rx SDR test.
Proposals
In this contribution, we give our proposals about the simulation assumptions, FRC tables for the SDR simulations, and give the suitable SNR value for 85% TB success rate as per our simulation results:
Proposal 1: Choose MCS21 for 64QAM and MCS18 for 256QAM for 8Rx SDR test.
Reference
[1] R4-1807964 Way forward on 8Rx demodulation tests, Huawei, HiSilicon
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