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1 Introduction

In the previous RAN4 meeting agreements on general approach for NR SDR methodology and on some test parameters were reached [1]. In this paper we provide our view on remaining aspect of NR SDR requirements.
2 Discussion
2.1 Simulation assumptions

Number of HARQ processes
In the previous RAN4 meeting the following agreement were reached [1]:

	· Option 1：If normal PDSCH demodulation requirement with 16 (TDD)/8 (FDD) HARQ processes targeting for higher Rank/MCS are introduced, the number of HARQ process for SDR test is 8 (TDD) / 4 (FDD)； Otherwise, 16 (TDD) / 8 (FDD) processes
· Option 2: 8 for TDD and 4 for FDD 


The purpose of SDR requirements is “to verify that the Layer 1 and Layer 2 correctly process in a sustained manner the received packets corresponding to the maximum data rate indicated by UE capabilities”. Also, the following propagation conditions are assumed: Static propagation condition, No external noise sources are applied. Taking into account such design, probability that UE sends NACK during the test time is negligible. Therefore, for HARQ process calculation we need to take into account only UE processing delay. Using of 4 HARQ process for FDD and 8 for TDD is enough for SDR requirements. 

Proposal #1:
Use the following maximum number of HARQ process for SDR requirements for NR carriers: 4 for FDD and 8 for TDD
PDCCH configuration
PDCCH configuration should be defined in a way to exclude impact of PDCCH decoding on PDSCH performance. Therefore, the most robust PDCCH settings should be considered: aggregation level 16.
Proposal #2:
Use AL 16 for PDCCH configuration in SDR requirements:
Combinations with same largest data rate
Methodology to handle scenarios with multiple sets of CA bandwidth combinations and UE capabilities with the same largest data rate are still TBD. We suggest to take set which has the smallest aggregated channel bandwidth. Such approach allows to run SDR test for combination which has the highest number of MIMO layer, modulation format and scaling factor. For FR2 such methodology also allows TE vendors to reach higher SNR value during the test.
Proposal #3:
Use the set which has the smallest aggregated channel bandwidth for SDR testing in case multiple sets of CA bandwidth combinations and UE capabilities have the same largest data rate.
2.2 NR SDR requirements for FR1 SA
2.2.1 MCS look up table
In the previous RAN4 meeting the following agreement were reached [1]:
	· Define SDR test cases for the following two MCS levels
· MCSjupperbound: The higher MCS according to UE capability calculated by Sec. 2.1 of R4-1812165
· MCSjpractical: The highest practical MCS considering feasible SNR levels
· Conduct SDR test by 
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In Table 1 we provide our view on MCS look up table taking into account all agreements on SDR simulation assumptions.

· MCSjupperbound – Upper bound MCS

· Calculated based on methodology from Section 2.1 of [2].
· MCSjpractical – The highest practical MCS
· Equal to the highest MCS with feasible SNR operating point for certain modulation format and with value not higher than MCSjupperbound. 
· To derive MCSjpractical for scenarios with 64QAM and 256QAM modulation we use simulation results from Section 2.2.2. For scenarios with QPSK and 16QAM modulation we assume that MCSjpractical is equal to MCSjupperbound 
· 
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 is the final MCS used for SDR testing
Table 1. Look up table to derive MCS for FR1

	UE capability
index
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	1
	1
	8
	1
	26
	26
	26

	2
	1
	8
	0.8
	21
	
	21

	3
	1
	8
	0.75
	20
	
	20

	4
	1
	8
	0.4
	11
	
	11

	5
	1
	6
	1
	27
	27
	27

	6
	1
	6
	0.8
	23
	
	23

	7
	1
	6
	0.75
	22
	
	22

	8
	1
	6
	0.4
	14
	
	14

	9
	1
	4
	1
	16
	16
	16

	10
	1
	4
	0.8
	16
	
	16

	11
	1
	4
	0.75
	16
	
	16

	12
	1
	4
	0.4
	10
	
	10

	13
	1
	2
	1
	9
	9
	9

	14
	1
	2
	0.8
	9
	
	9

	15
	1
	2
	0.75
	9
	
	9

	16
	1
	2
	0.4
	4
	
	4

	17
	2
	8
	1
	26
	26
	26

	18
	2
	8
	0.8
	21
	
	21

	19
	2
	8
	0.75
	20
	
	20

	20
	2
	8
	0.4
	11
	
	11

	21
	2
	6
	1
	27
	27
	27

	22
	2
	6
	0.8
	23
	
	23

	23
	2
	6
	0.75
	22
	
	22

	24
	2
	6
	0.4
	14
	
	14

	25
	2
	4
	1
	16
	16
	16

	26
	2
	4
	0.8
	16
	
	16

	27
	2
	4
	0.75
	16
	
	16

	28
	2
	4
	0.4
	10
	
	10

	29
	2
	2
	1
	9
	9
	9

	30
	2
	2
	0.8
	9
	
	9

	31
	2
	2
	0.75
	9
	
	9

	32
	2
	2
	0.4
	4
	
	4

	33
	4
	8
	1
	27
	26
	26

	34
	4
	8
	0.8
	22
	
	22

	35
	4
	8
	0.75
	21
	
	21

	36
	4
	8
	0.4
	12
	
	12

	37
	4
	6
	1
	28
	28
	28

	38
	4
	6
	0.8
	24
	
	24

	39
	4
	6
	0.75
	23
	
	23

	40
	4
	6
	0.4
	14
	
	14

	41
	4
	4
	1
	16
	16
	16

	42
	4
	4
	0.8
	16
	
	16

	43
	4
	4
	0.75
	16
	
	16

	44
	4
	4
	0.4
	11
	
	11

	45
	4
	2
	1
	9
	9
	9

	46
	4
	2
	0.8
	9
	
	9

	47
	4
	2
	0.75
	9
	
	9

	48
	4
	2
	0.4
	5
	
	5


2.2.2 Simulation results
In Figure 1 we illustrate link level results for scenarios with 64QAM and 256QAM. In Table 1 we provide summary of FR1 simulation results. For analysis we pick MCS equal to 
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 from Table 1 for scaling factor 1.
	FDD, 64QAM
[image: image10.emf]15 16 17 18 19 20 21 22 23 24

SNR, dB

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

N

o

r

m

o

l

i

z

e

d

 

t

h

r

o

u

g

h

p

u

t

FDD, CBW 20 MHz, SCS 15 kHz

64QAM (MCS27), Rank 1

64QAM (MCS27), Rank 2

64QAM (MCS27), Rank 4

64QAM (MCS28), Rank 4


	FDD, 256QAM
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	TDD, 64QAM
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	Figure 1. SDR simulation results for FR1


Table 2. Summary of SDR simulation results for FR1 (SNR @ 85% of Max T-put)
	Duplex mode
	64QAM
	256QAM

	
	MCS27, Rank 1
	MCS27, Rank 2
	MCS27, Rank 4
	MCS28, Rank 4
	MCS26, Rank 1
	MCS26, Rank 2
	MCS26, Rank 4
	MCS27, Rank 4

	FDD
	16.7
	20.5
	20.3
	22.5
	21.9
	25.6
	26.4
	28.4

	TDD
	16.4
	20.2
	20.8
	22.7
	21.9
	25.6
	26.4
	28.8


Observations #1:
· For 64QAM modulation, SNR operating point is feasible for scenarios with different Rank configurations and different MCS values (up to 22.5 dB).

· For 256QAM modulation, SNR operating point is feasible for scenarios with Rank 1, Rank 2 and Rank 4 with MCS 26. For Rank 4 and MCS27, SNR operating point is rather high (28.4 dB)
Proposal #4:
Adopt Table 1 to define MCS look up table for FR1 SDR requirements.

2.3 NR SDR requirements for FR2 SA
2.3.1 MCS look up table
In the previous RAN4 meeting the following notes were captured in WF [1]:

	· Adopt the following procedure for FR2 SDR test cases: (baseline)
1. Use general procedure to select CA bandwidth for testing 
2. Derive 
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 for each CC based on UE capability by the previous slide (j  is  CC index)
3. Identify testable SNR value for particular test configuration based on test equipment characteristics 
4. Use “SNR to MCS+Rank” table to find 
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 for each CC (Detail of “SNR to MCS+Rank” table is FFS)
5. Conduct SDR test with 
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· Other options not excluded


In Table 3 we provide our view on MCS look up table for 
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 for FR2 (based on methodology from Section 2.1 of [2]) taking into account all agreements on SDR simulation assumptions.

In Table 5 in Section 2.3.2 we provide the example of “SNR to MCS+Rank” look up table to derive 
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Table 3. Look up table to derive upper bound MCS for FR2

	UE capability
index
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	UE capability
index
	
[image: image23.wmf]Layers

j

v


	
[image: image24.wmf]j

m

Q


	
[image: image25.wmf]j

f


	
[image: image26.wmf]j

upperbound

MCS



	1
	1
	6
	1
	27
	13
	2
	6
	1
	27

	2
	1
	6
	0.8
	23
	14
	2
	6
	0.8
	23

	3
	1
	6
	0.75
	22
	15
	2
	6
	0.75
	22

	4
	1
	6
	0.4
	14
	16
	2
	6
	0.4
	14

	5
	1
	4
	1
	16
	17
	2
	4
	1
	16

	6
	1
	4
	0.8
	16
	18
	2
	4
	0.8
	16

	7
	1
	4
	0.75
	16
	19
	2
	4
	0.75
	16

	8
	1
	4
	0.4
	10
	20
	2
	4
	0.4
	10

	9
	1
	2
	1
	9
	21
	2
	2
	1
	9

	10
	1
	2
	0.8
	9
	22
	2
	2
	0.8
	9

	11
	1
	2
	0.75
	9
	23
	2
	2
	0.75
	9

	12
	1
	2
	0.4
	4
	24
	2
	2
	0.4
	4


2.3.2 Simulation results

In this section we provide link level results for the following assumptions:
· CBW: 100 MHz

· SCS: 120 kHz
· TDD pattern: DDDSU
· Transmit EVM 6%
	QPSK, Rank 1
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	QPSK, Rank 2
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	16QAM, Rank 1
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	16QAM, Rank 2
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	64QAM, Rank 1
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	64QAM, Rank 2
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	Figure 2. Simulation results for FR2.


Table 4. Alignment simulation results for FR2 (SNR @ 85% of Max T-put)

	MCS
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	Rank 1
	-4.0
	-3.2
	-2.2
	-1.3
	-0.3
	0.5
	0.9
	1.5
	2.5
	3.5
	4.4
	5.4
	6.0

	Rank 2
	-1.0
	-0.1
	0.7
	1.8
	2.6
	3.5
	3.8
	4.5
	5.5
	6.4
	7.4
	8.4
	9.1

	MCS
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	
	

	Rank 1
	6.7
	7.2
	8.1
	9.1
	9.9
	11.1
	11.9
	13.0
	14.2
	15.1
	16.0
	
	

	Rank 2
	9.7
	10.3
	11.3
	12.2
	13.1
	14.3
	15.1
	16.4
	17.7
	18.6
	19.7
	
	


Table 5. Impairment simulation results for FR2

	MCS
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	Rank 1
	-2.5
	-1.7
	-0.7
	0.2
	1.2
	2.0
	2.9
	3.5
	4.5
	5.6
	6.4
	7.4
	8.0

	Rank 2
	0.5
	1.4
	2.2
	3.3
	4.2
	5.0
	5.8
	6.5
	7.5
	8.5
	9.4
	10.4
	11.1

	MCS
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	
	

	Rank 1
	9.2
	9.7
	10.7
	11.6
	12.5
	13.7
	14.4
	15.5
	16.8
	17.6
	18.5
	
	

	Rank 2
	12.2
	12.8
	13.8
	14.8
	15.6
	16.8
	17.6
	18.9
	20.2
	21.2
	22.3
	
	


Proposal #5:
For FR2 SA SDR requirements, adopt Table 3 to define MCS look up table for 
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 and take into account results from Table 5 to define “SNR to MCS+Rank” look up table.

2.4 NR SDR requirements for EN-DC
In the previous RAN4 meeting multiple agreements on EN-DC requirements were reached [3]: 

	· Issue 1: Handling of simultaneous Tx/Rx for EN-DC 

· Proposal: EN-DC test parameters

· Transmissions on the LTE and NR carriers are synchronous (i.e. aligned on subframe boundaries)

· TDD-TDD EN-DC LTE configuration

· Use LTE TDD DL-UL configuration 2

· LTE frame is shifted by 2 SF’s to the right with respect to the start of NR frame 

· Issue 2: Handing of FR1 EN-DC test cases of NR TDD DL-UL configurations not aligned with LTE 

· Proposal: FR1 EN-DC test cases with  NR TDD DL-UL configurations not aligned with LTE  can be tested on the corresponding EN-DC BCs where UE supports simultaneous Tx/Rx

· Issue 3-1 : EN-DC including FR2 carrier requirements  (both SDR and normal test cases)

· Proposal: 

· Normal demodulation requirements: 

· No requirements for FR1 NR/LTE carriers for Rel-15 EN-DC test cases including FR2 carrier.

· SDR requirements: 

· Define requirements for FR1 NR/LTE carriers of Rel-15 EN-DC SDR test cases which including FR2 carrier. 

· Only FR2 performance is tested in Rel-15. 


For MR-DC scenarios RAN2 have defined separate equation to calculate Date rate for EUTRA carriers [4]:

	For EUTRA in case of MR-DC, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.

Data rate (in Mbps) = [image: image35.wmf]3
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wherein

J is the number of aggregated EUTRA component carriers in MR-DC band combination
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is the total maximum number of DL-SCH transport block bits received within a 1ms TTI for j-th CC, as derived from TS36.213 [22] based on the UE supported maximum MIMO layers for the j-th carrier, and based on the modulation order and number of PRBs based on the bandwidth of the j-th carrier.


From this equation, we can observe that EUTRA data rate takes into account only UE capabilities on maximum number of MIMO layers and maximum modulation order and does not take into account UE LTE category. Such methodology allows to have rather flexible and unified approach for SDR testing in MR-DC scenarios:

· Step 1: Select one EN-DC bandwidth combination among all supported EN-DC configurations and set of per component carrier (CC) UE capabilities among all supported UE capabilities that provides the largest data rate [TS 38.306 [14, Section 4.1.2]].
· Set of per NR CC UE capabilities includes channel bandwidth, subcarrier spacing, number of PDSCH MIMO layers, modulation format and scaling factor [TS 38.306 [14, Section 4.1.2]].
· Set of per EUTRA CC UE capabilities includes channel bandwidth, number of PDSCH MIMO layers and modulation format [TS 38.306 [14, Section 4.1.2]].
· Step 2: For each NR CC in EN-DC bandwidth combination, use MCSs from FR1 or FR2 SA SDR requirements depending on EN-DC scenario. For each EUTRA CC in EN-DC bandwidth combination, reuse LTE SDR FRCs [TS 36.101, Sections 8.7]. 

FDD EUTRA FRCs can be fully reused from TS 36.101 [5]. TDD EUTRA FRCs should be modified, because it was agreed to use LTE TDD DL-UL configuration 2 for EN-DC requirements. However, existing FRCs from LTE SDR requirements are defined for other DL-UL configurations.
Proposal #6:
Use the following methodology for EN-DC SDR requirements:

· Step 1: Select one EN-DC bandwidth combination among all supported EN-DC configurations and set of per component carrier (CC) UE capabilities among all supported UE capabilities that provides the largest data rate [TS 38.306 [14, Section 4.1.2]].

· Set of per NR CC UE capabilities includes channel bandwidth, subcarrier spacing, number of PDSCH MIMO layers, modulation format and scaling factor [TS 38.306 [14, Section 4.1.2]].
· Set of per EUTRA CC UE capabilities includes channel bandwidth, number of PDSCH MIMO layers and modulation format [TS 38.306 [14, Section 4.1.2]].

· Step 2: For each NR CC in EN-DC bandwidth combination, use MCSs from FR1 or FR2 SA SDR requirements depending on EN-DC scenario. For each EUTRA CC in EN-DC bandwidth combination, reuse LTE SDR FRCs [TS 36.101, Sections 8.7]. 

3 Conclusion

In this paper we provided our view on methodology for NR SDR testing. In summary we make the following proposals:
Proposal #1:
Use the following maximum number of HARQ process for SDR requirements for NR carriers: 4 for FDD and 8 for TDD
Proposal #2:
Use AL 16 for PDCCH configuration in SDR requirements:

Proposal #3:
Use the set which has the smallest aggregated channel bandwidth for SDR testing in case multiple sets of CA bandwidth combinations and UE capabilities have the same largest data rate.
Proposal #4:
Adopt Table 1 to define MCS look up table for FR1 SDR requirements.

Table 1. Look up table to derive MCS for FR1

	UE capability
index
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	1
	1
	8
	1
	26
	26
	26

	2
	1
	8
	0.8
	21
	
	21

	3
	1
	8
	0.75
	20
	
	20

	4
	1
	8
	0.4
	11
	
	11

	5
	1
	6
	1
	27
	27
	27

	6
	1
	6
	0.8
	23
	
	23

	7
	1
	6
	0.75
	22
	
	22

	8
	1
	6
	0.4
	14
	
	14

	9
	1
	4
	1
	16
	16
	16

	10
	1
	4
	0.8
	16
	
	16

	11
	1
	4
	0.75
	16
	
	16

	12
	1
	4
	0.4
	10
	
	10

	13
	1
	2
	1
	9
	9
	9

	14
	1
	2
	0.8
	9
	
	9

	15
	1
	2
	0.75
	9
	
	9

	16
	1
	2
	0.4
	4
	
	4

	17
	2
	8
	1
	26
	26
	26

	18
	2
	8
	0.8
	21
	
	21

	19
	2
	8
	0.75
	20
	
	20

	20
	2
	8
	0.4
	11
	
	11

	21
	2
	6
	1
	27
	27
	27

	22
	2
	6
	0.8
	23
	
	23

	23
	2
	6
	0.75
	22
	
	22

	24
	2
	6
	0.4
	14
	
	14

	25
	2
	4
	1
	16
	16
	16

	26
	2
	4
	0.8
	16
	
	16

	27
	2
	4
	0.75
	16
	
	16

	28
	2
	4
	0.4
	10
	
	10

	29
	2
	2
	1
	9
	9
	9

	30
	2
	2
	0.8
	9
	
	9

	31
	2
	2
	0.75
	9
	
	9

	32
	2
	2
	0.4
	4
	
	4

	33
	4
	8
	1
	27
	26
	26

	34
	4
	8
	0.8
	22
	
	22

	35
	4
	8
	0.75
	21
	
	21

	36
	4
	8
	0.4
	12
	
	12

	37
	4
	6
	1
	28
	28
	28

	38
	4
	6
	0.8
	24
	
	24

	39
	4
	6
	0.75
	23
	
	23

	40
	4
	6
	0.4
	14
	
	14

	41
	4
	4
	1
	16
	16
	16

	42
	4
	4
	0.8
	16
	
	16

	43
	4
	4
	0.75
	16
	
	16

	44
	4
	4
	0.4
	11
	
	11

	45
	4
	2
	1
	9
	9
	9

	46
	4
	2
	0.8
	9
	
	9

	47
	4
	2
	0.75
	9
	
	9

	48
	4
	2
	0.4
	5
	
	5


Proposal #5:
For FR2 SA SDR requirements, adopt Table 3 to define MCS look up table for 
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 and take into account results from Table 5 to define “SNR to MCS+Rank” look up table.

Table 3. Look up table to derive upper bound MCS for FR2

	UE capability
index
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	1
	1
	6
	1
	27
	13
	2
	6
	1
	27

	2
	1
	6
	0.8
	23
	14
	2
	6
	0.8
	23

	3
	1
	6
	0.75
	22
	15
	2
	6
	0.75
	22

	4
	1
	6
	0.4
	14
	16
	2
	6
	0.4
	14

	5
	1
	4
	1
	16
	17
	2
	4
	1
	16

	6
	1
	4
	0.8
	16
	18
	2
	4
	0.8
	16

	7
	1
	4
	0.75
	16
	19
	2
	4
	0.75
	16

	8
	1
	4
	0.4
	10
	20
	2
	4
	0.4
	10

	9
	1
	2
	1
	9
	21
	2
	2
	1
	9

	10
	1
	2
	0.8
	9
	22
	2
	2
	0.8
	9

	11
	1
	2
	0.75
	9
	23
	2
	2
	0.75
	9

	12
	1
	2
	0.4
	4
	24
	2
	2
	0.4
	4


Table 5. Impairment simulation results for FR2

	MCS
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	Rank 1
	-2.5
	-1.7
	-0.7
	0.2
	1.2
	2.0
	2.9
	3.5
	4.5
	5.6
	6.4
	7.4
	8.0

	Rank 2
	0.5
	1.4
	2.2
	3.3
	4.2
	5.0
	5.8
	6.5
	7.5
	8.5
	9.4
	10.4
	11.1

	MCS
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	
	

	Rank 1
	9.2
	9.7
	10.7
	11.6
	12.5
	13.7
	14.4
	15.5
	16.8
	17.6
	18.5
	
	

	Rank 2
	12.2
	12.8
	13.8
	14.8
	15.6
	16.8
	17.6
	18.9
	20.2
	21.2
	22.3
	
	


Proposal #6:
Use the following methodology for EN-DC SDR requirements:

· Step 1: Select one EN-DC bandwidth combination among all supported EN-DC configurations and set of per component carrier (CC) UE capabilities among all supported UE capabilities that provides the largest data rate [TS 38.306 [14, Section 4.1.2]].

· Set of per NR CC UE capabilities includes channel bandwidth, subcarrier spacing, number of PDSCH MIMO layers, modulation format and scaling factor [TS 38.306 [14, Section 4.1.2]].
· Set of per EUTRA CC UE capabilities includes channel bandwidth, number of PDSCH MIMO layers and modulation format [TS 38.306 [14, Section 4.1.2]].

· Step 2: For each NR CC in EN-DC bandwidth combination, use MCSs from FR1 or FR2 SA SDR requirements depending on EN-DC scenario. For each EUTRA CC in EN-DC bandwidth combination, reuse LTE SDR FRCs [TS 36.101, Sections 8.7]. 
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