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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 other view on remaining aspect of NR SDR requirements.
2 Discussion
2.1 Simulation assumptions

In the previous RAN4 meetings multiple agreements were reached on simulation assumptions for SDR requirements [1]

 REF _Ref528479466 \n \h 
[3]. The following assumptions are still under discussion:
1) Number of HARQ process

2) TDD pattern for FR2 120 kHz SCS

3) PDSCH scheduling for TDD

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

	· Number of HARQ process
· FFS: 8/4 processes for TDD/FDD soft combining verification test with 16/8 process for TDD/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. 

TDD pattern for FR2 120 kHz SCS
In the previous RAN4 meeting the following two options were captured in WF [1]:
	· NR TDD configuration for FR2 120kHz
· Alt.1: DDDSU
· Alt.2: DDSU


Pattern DDDSU (Alt.1) allows to achieve high average pick data rate then DDSU (Alt.2). Also, pattern DDSU is already used for scenarios with SCS 60 kHz. Therefore, we suggest to use DDDSU pattern for FR2 SDR test with SCS 120 kHz.
PDSCH scheduling for TDD

In LTE for TDD scenarios, PDSCH is scheduled in full DL subframes only. Such configuration allows to use only FDD or TDD simulations to find proper MCS/TBS for SDR testing. Also, for special slot we cannot configure maximum TBS for configured channel bandwidth, taking into account limited number of available PDSCH resources. For NR, we also suggest to avoid PDSCH scheduling in special slot to simplify test setup and reduce amount of link level analysis.
Proposal #1:
Use the following test parameters for SDR requirements for NR carriers:

· 4 HARQ process for FDD and 8 HARQ process for TDD
· DDDSU for FR2 with SCS 120 kHz

· Schedule PDSCH only in full DL slots for TDD scenarios

2.2 NR SDR requirements for FR1 SA
2.2.1 MCS look up table
In the previous RAN4 meeting methodology to derive MCS look up table for SDR requirements were approved:
	· MCS/TBS determination
· Adopt the methodology in Section 2.1 of R4-1812165
· RAN4 will introduce two kind of SDR requirements
· 1. The highest MCS based on UE capability without any restriction of testable SNR
· 2. The highest MCS achieved within testable SNR range in Rel.15
· Note: Only the first is tested if the test is feasible. Only the second one is tested if the test for the first is infeasible. 


In Table 1 we provide our view on MCS look up table taking into account all agreements on SDR simulation assumptions and assuming that for TDD scenarios PDSCH is scheduled in full DL slots.

· 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
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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 #2:
Adopt Table 1 to define MCS look up table for FR1 SDR requirements.

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

	· For FR2 requirement, testable SNR is scaled down as (aggregated) channel bandwidth is scaled up
· Ex. If maximum testable SNR for 50MHz is XdB, that for 100MHz is (X – 3)dB 
· For FR2 SDR requirements, (aggregated) channel bandwidth for NR is up to 800MHz in Rel.15
· In future release, testable SNR may be improved, and we need to inform to RAN5 what is testable MCS and rank limitation for SDR requirements
· For forward compatibility, RAN4 will define MCS to SNR mapping table for all possible MCS and rank combinations. 


In comparison to FR1, for FR2 we have several limitations on SDR simulation assumptions:
· Maximum feasible MCS value depends on tested carrier frequency value due to phase noise effect

· Testable SNR operating point depends on test method and aggregated channel bandwidth.

We suggest the following procedure for FR2 SDR requirements definition:
1) Define MCS look up table for MCSjupperbound to provide mapping of UE capability into MCS

2) Define “MCS+Rank to SNR” mapping table for feasible MCS indexes. List of feasible MCSs can be defined under assumption that throughput curve achieves maximum value in case of explicit modeling of phase noise for scenarios with the highest Rel-15 carrier frequency (i.e. 39 GHz).

3) Define the following methodology for testing
a. Step 0: Use general procedure to select CA bandwidth for testing

b. Step 1: Use “UE capability to MCS” table to derive MCSjupperbound for each CC (example of such table are provided in Section 2.3.2)
c. Step 2: Identify testable SNR value for particular test configuration based on test equipment characteristics (note: the particular step can be done during lab conformance testing)
d. Step 3: Use “SNR to MCS+Rank” table to find MCSjpractical for each CC (example of such table are provided in Section 2.3.3)
e. Step 4: Use 
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Proposal #3:
Adopt procedure described in Section 2.3.1 for SA FR2 SDR requirements.

2.3.2 MCS look up table

In Table 3 we provide our view on MCS look up table for FR2 taking into account all agreements on SDR simulation assumptions and assuming that PDSCH is scheduled in full DL slots only.
Table 3. Look up table to derive MCS for FR2

	UE capability
index
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	1
	1
	6
	1
	27

	2
	1
	6
	0.8
	23

	3
	1
	6
	0.75
	22

	4
	1
	6
	0.4
	14

	5
	1
	4
	1
	16

	6
	1
	4
	0.8
	16

	7
	1
	4
	0.75
	16

	8
	1
	4
	0.4
	10

	9
	1
	2
	1
	9

	10
	1
	2
	0.8
	9

	11
	1
	2
	0.75
	9

	12
	1
	2
	0.4
	4

	13
	2
	6
	1
	27

	14
	2
	6
	0.8
	23

	15
	2
	6
	0.75
	22

	16
	2
	6
	0.4
	14

	17
	2
	4
	1
	16

	18
	2
	4
	0.8
	16

	19
	2
	4
	0.75
	16

	20
	2
	4
	0.4
	10

	21
	2
	2
	1
	9

	22
	2
	2
	0.8
	9

	23
	2
	2
	0.75
	9

	24
	2
	2
	0.4
	4


2.3.3 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%
· Receiver phase noise

· Option 1: Disabled

· Option 2: TR 38.803 Example 1 model (section 6.1.10)
	QPSK, Rank 1

[image: image18.emf]-5 -4 -3 -2 -1 0 1 2

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

TDD, CBW 100 MHz, SCS 120 kHz, Rank 1

MCS4, w/o PN

MCS5, w/o PN

MCS6, w/o PN

MCS7, w/o PN

MCS8, w/o PN

MCS9, w/o PN

MCS4, w/ PN

MCS5, w/ PN

MCS6, w/ PN

MCS7, w/ PN

MCS8, w/ PN

MCS9, w/ PN


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

	Modulation format
	MCS
	Rank 1
	Rank 2

	
	
	Without PN
	With PN
	Without PN
	With PN

	QPSK
	4
	-4.0
	-4.0
	-1.0
	-1.0

	
	5
	-3.2
	-3.1
	-0.1
	-0.1

	
	6
	-2.2
	-2.2
	0.7
	0.8

	
	7
	-1.3
	-1.2
	1.8
	1.9

	
	8
	-0.3
	-0.2
	2.6
	2.7

	
	9
	0.5
	0.6
	3.5
	3.5

	16QAM
	10
	0.9
	0.9
	3.8
	3.8

	
	11
	1.5
	1.6
	4.5
	4.6

	
	12
	2.5
	2.6
	5.5
	5.6

	
	13
	3.5
	3.6
	6.4
	6.5

	
	14
	4.4
	4.5
	7.4
	7.5

	
	15
	5.4
	5.5
	8.4
	8.5

	
	16
	6.0
	6.1
	9.1
	9.2

	64QAM
	17
	6.7
	6.8
	9.7
	9.8

	
	18
	7.2
	7.3
	10.3
	10.4

	
	19
	8.1
	8.3
	11.3
	11.4

	
	20
	9.1
	9.3
	12.2
	12.4

	
	21
	9.9
	10.2
	13.1
	13.3

	
	22
	11.1
	11.4
	14.3
	14.6

	
	23
	11.9
	12.2
	15.1
	15.5

	
	24
	13.0
	13.4
	16.4
	16.8

	
	25
	14.2
	14.8
	17.7
	18.3

	
	26
	15.1
	15.8
	18.6
	19.4

	
	27
	16.0
	16.9
	19.7
	20.8


Observation #2: 
· Maximum throughput can be achieved for all considered MCS indexes (up to MCS27) for both scenarios Rank 1 and Rank 2 under assumption of explicit RX phase noise modeling.

· Significant PDSCH performance degradation (> 0.5 dB) due to phase noise effects is observed for scenarios with high MCS (MCS25-MCS27).
3 Conclusion

In this paper we provided our on methodology for NR SDR testing. In summary we make the following proposals:
Proposal #1:
Use the following test parameters for SDR requirements for NR carriers:

· 4 HARQ process for FDD and 8 HARQ process for TDD
· DDDSU for FR2 with SCS 120 kHz

· Schedule PDSCH only in full DL slots for TDD scenarios

Proposal #2:
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 #3:
Adopt procedure described in Section 2.3.1 for SA FR2 SDR requirements.
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