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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 Methodology for NR SDR requirements

In the previous meeting the following agreements were made on NR SDR methodology [1]
	· SDR test methodology

· Use the following procedure for NR SDR testing

· Calculate data rate using equation from TS 38.306 for each CA bandwidth combination from CA bandwidth combinations supported by UE, taking into account channel bandwidth size, SCS and various UE capabilities (i.e. maximum MIMO layers capability, maximum supported modulation order and scaling factor)

· Use CA bandwidth combination which allows achieving maximum data rate for SDR test

· MCS and TBS used for each CC is selected based on test parameters and on indicated UE capabilities including MIMO layers, modulation and scaling factor 

· Exact MCS/TBS for SDR testing are FFS and companies encouraged to bring proposals on the MCS selection

· Option 1: Define look up table to derive MCS and TBS parameters based on UE capabilities 

· Option 2: Define a procedure to derive MCS and TBS parameters based on UE capabilities

· Other options not precluded


Based on this agreement, one of the open question in NR SDR methodology is how to select exact MCS/TBS for testing. For both options, listed in the agreed WF, we need to define procedure which will be used to derive look up table (for Option 1) or which will be captured in specification (for Option 2). We suggest to consider the following procedure:
· Step 0: After selection of CA bandwidth combination with maximum data rate for each CC j we have the following list of parameters

· Maximum number of MIMO layers (
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· Maximum supported modulation order (
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· Scaling factor (
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· Channel bandwidth

· Subcarrier spacing
· Step 1: Calculate maximum TBS value depending on UE capability and CBW/SCS combination for each CC j from selected CA combination


[image: image4.wmf](

)

,

maxmax

12141

jj

Layers

BW

jjjjj

mPRB

TBSvQfRNOH

m

=×××××××-


where Rmax = 948/1024, 
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 is the maximum RB allocation in bandwidth 
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 with numerology 
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, as defined in 5.3 TS 38.101-1 [2] and 5.3 TS 38.101-2 [3] and 
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 is the overhead factor equal to [0.14] for FR1 and [0.18] for FR2.
· Step 2: Find upper bound MCS
· Step 2-1: Generate list of possible MCS indexes taking into account maximum modulation format capability for each CC j (i.e. list of MCS with modulation format not exceeding maximum one from UE capability): 
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· Step 2-2: For each MCS index from MCS list 
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 calculate TBS value, using equation from TS 38.214 [3] and SDR test parameters (CBW, SCS, MCS table etc.)
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· Step 2-3: Find maximum TBS from Step 2-2 which does not exceed TBS from Step 1
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· Step 2-4: Find upper bound MCS corresponding to upper bound TBS from Step 2-3
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The upper bound MCS depends on multiple factors and calculation of the MCS values for all possible combinations seems impractical. To simplify test setup we suggest to define a single upper bound MCS for the set of UE capabilities and do not differentiate MCSs for different CBW/SCS combinations. The proposed upper bound MCS values are summarized in Table 1 for the following DL signal assumptions:

· PDSCH duration (L) = 13

· Number of additional DMRS = 1

· MCS table “64QAM” for maximum modulation formats {2,4,6} and MCS table “256QAM” for maximum modulation format {8}

· Overhead for TBS determination = 0

Table 1. Look up table to derive MCS for FR1

	UE capability
index
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	1
	1
	8
	1
	26

	2
	1
	8
	0.8
	21

	3
	1
	8
	0.75
	20

	4
	1
	8
	0.4
	11

	5
	1
	6
	1
	27

	6
	1
	6
	0.8
	23

	7
	1
	6
	0.75
	22

	8
	1
	6
	0.4
	14

	9
	1
	4
	1
	16

	10
	1
	4
	0.8
	16

	11
	1
	4
	0.75
	16

	12
	1
	4
	0.4
	10

	13
	1
	2
	1
	9

	14
	1
	2
	0.8
	9

	15
	1
	2
	0.75
	9

	16
	1
	2
	0.4
	4

	17
	2
	8
	1
	26

	18
	2
	8
	0.8
	21

	19
	2
	8
	0.75
	20

	20
	2
	8
	0.4
	11

	21
	2
	6
	1
	27

	22
	2
	6
	0.8
	23

	23
	2
	6
	0.75
	22

	24
	2
	6
	0.4
	14

	25
	2
	4
	1
	16

	26
	2
	4
	0.8
	16

	27
	2
	4
	0.75
	16

	28
	2
	4
	0.4
	10

	29
	2
	2
	1
	9

	30
	2
	2
	0.8
	9

	31
	2
	2
	0.75
	9

	32
	2
	2
	0.4
	4

	33
	4
	8
	1
	26

	34
	4
	8
	0.8
	21

	35
	4
	8
	0.75
	20

	36
	4
	8
	0.4
	11

	37
	4
	6
	1
	27

	38
	4
	6
	0.8
	23

	39
	4
	6
	0.75
	22

	40
	4
	6
	0.4
	14

	41
	4
	4
	1
	16

	42
	4
	4
	0.8
	16

	43
	4
	4
	0.75
	16

	44
	4
	4
	0.4
	10

	45
	4
	2
	1
	9

	46
	4
	2
	0.8
	9

	47
	4
	2
	0.75
	9

	48
	4
	2
	0.4
	4


We also note that taking into account practical conditions and impairments, the upper bound MCS can sometimes be too high for testing and may need to be relaxed similar to what was done for 256QAM and 1024QAM SDR tests in LTE. Also, we would like to note that for FR2 there are some constraints on the maximum feasible SNR value which can be tested [5]. Therefore, the tested MCS again may need to be reduced comparing to the upper bound one. So, we suggest that the MCS used for requirements definition can be defined as the minimum between upper bound MCS and practical MCS, which can be derived based on companies simulation results for the agreed assumptions:
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Proposal #1:
Adopt methodology described in Section 2.1 to define look up table for deriving of exact MCS parameters for NR SDR requirements.
2.2 SDR tests parameters

In the previous meeting the following agreements were reached on SDR tests parameters [1]:
	· SDR test parameters

· The channel bandwidths for SDR requirements are as follows.

· FR1, 15kHz SCS: 5, 10, 15, 20, 25, 30, 40, 50 MHz

· FR1, 30kHz SCS: 5, 10, 15, 20, 25, 30, 40, 50, 60, 80, 100 MHz

· FR2, 60kHz SCS: 50, 100, 200 MHz

· FR2, 120kHz SCS: 50, 100, 200, [400] MHz

· PDSCH Type A mapping with duration [14] OFDM symbols

· CORESET size in time domain is 1 OFDM symbol.

· FFS: CORESET size in frequency domain and FDM of CORESET and PDSCH

· List of UE MIMO layer capabilities for SDR requirements: {1, 2, 4} for FR1, and {1, 2} for FR2.

· List of supported modulation scheme for DL by the UE for SDR requirements

· FR1: up to 256QAM

· FR2: up to 64QAM

· DMRS configuration

· Option 1: No additional DMRS

· Option 2: with 1 additional DMRS

· Consider FDM of DMRS and PDSCH to increase TBS in a slot. 

· PTRS will be configured for FR2,detalied for configuration FFS

· For SDR requirement, 
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 for TBS determination is set to 0 for FR1 and [6] for FR2.


NR CC parameters

Based on current status the following tests parameters are not decided yet:

· SSB configuration
We suggest to reuse assumptions from normal PDSCH tests: periodicity 20 ms, allocation – first slot within period. Also, we propose to schedule PDSCH in slots without SSB similar to normal tests.

· CSI-RS for tracking (TRS)
For normal PDSCH tests, TRS is transmitted with periodicity 20 ms and in two consecutive slots. For SDR requirements we can consider one slot TRS transmission, because for noise free conditions one slot is enough for time/frequency tracking. Also, we propose to skip PDSCH scheduling in slots with TRS, because TBS determination procedure does not take into account overhead from this type of reference signal and, therefore, effective code may become very high and initial transmission will be not decodable. As results, maximum throughput will not be achievable for high MCS.
· CSI-RS for CSI acquisition

In our companion paper [4] we provide our view on CSI-RS configuration for CSI acquisition for normal PDSCH tests. For SDR requirements we propose to use same configuration (i.e. CSI-RS signals are allocated in slot with SSB in OFDM symbols without SSB).
· CORESET size in frequency domain and FDM of CORESET and PDSCH

For CORESET configuration we propose to use assumption that CORESET is allocated in maximum possible number of resource blocks (i.e. number of PRB is multiple of 6 and does not exceed maximum number of resource blocks for selected CBW/SCS combination from TS 38.101-1/2 Section 5.3.2). Also, to simplify SDR test configuration and test procedure we suggest to avoid scenarios with FDM between CORESET and PDSCH.
· Number of additional DMRS
In Figure 1 we provide link level results with PDSCH performance comparison for scenarios with 0 and 1 additional DMRS. From these results we can observe that performance difference between perfect channel estimation case and practical channel estimation case is much better for scenarios with 1 additional DMRS. Therefore, we propose to define SDR requirements under assumption of 1 additional DMRS.
	QPSK modulation.
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FDD, CBW 10 MHz, SCS 15 kHz, Rank 1, 1x1, AWGN

MCS9, 0 add DMRS, Perfect CE

MCS9, 0 add DMRS, Practical CE

MCS9, 1 add DMRS, Perfect CE

MCS9, 1 add DMRS, Practical CE


	16QAM modulation.
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	64QAM modulation.
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	256QAM modulation.
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	Figure 1.PDSCH performance for different number of additional DMRS


· PTRS configuration for FR2
For SDR requirements, accuracy of phase noise compensation is rather important to avoid impact on PDSCH performance for high MCS indexes. Therefore, we suggest to use the following configuration: KPTRS=2, LPTRS=1 (default PTRS configuration).
· TDD configuration
Based on current status of discussion for normal PDSCH tests the following TDD UL-DL patterns were agreed for requirements definition

· FR1 15kHz: DDDSU

· FR1 30KHz:

· First priory: 7D1S2U(baseline), DDDSUDDSUU, DDDSU
· Second priority: SU, DDSU, DSSU

· FR2 60 kHz: DDSU

· FR2 120 kHz: DDDSU and DDSU with equal priority

SDR requirements should be defined in a way to ensure that test configuration is applicable for SA and NSA scenarios. For NSA we have some bands where simultaneous TX/RX can be not supported by some UEs. Therefore, for FR1 SDR requirements it is required to use UL-DL pattern aligned with one of LTE UL-DL configurations: DDDSU for 15 kHz SCS and 7D1S2U for 30 kHz SCS. 

For FR2 for 120 kHz case we have two patterns: DDDSU and DDSU. For SDR we propose to use DDDSU, because DDSU is already used for 60 kHz.

LTE CC parameters
For SDR requirements in EN-DC we also need to define test parameters for LTE carrier. We can reuse almost all parameters which are used for LTE SDR tests, except UL-DL configuration. UL-DL configuration #1 is used for LTE SDR tests, but for NR we assume alignment with UL-DL configuration #2. Therefore, new FRC should be defined for LTE carrier for EN-DC SDR requirements to avoid possible issues with simultaneous Tx/Rx.
Proposal #2:
Use the following test parameters for SDR requirements for NR carriers:

· SSB: periodicity 20 ms, slot #0 within period

· CSI-RS for tracking: 20 ms, 1 slot, offset 10ms from SSB slot

· CSI-RS for CSI acquisition: mapping in slots with SSB in OFDM symbols without SSB
· No PDSCH scheduling in SSB slots and TRS slots

· No FDM between CORESET and PDSCH
· 1 additional DMRS
· PTRS configuration for FR2: KPTRS=2, LPTRS=1
· TDD configuration

· FR1 15kHz: DDDSU

· FR1 30KHz: 7D1S2U

· FR2 60 kHz: DDSU

· FR2 120 kHz: DDDSU
Proposal #3:
For EN-DC SDR requirements for LTE CC reuse assumptions from LTE SDR tests with modification of FRC for TDD carriers (i.e. update LTE FRC to enable UL-DL configuration #2).

3 Conclusion

In this paper we provided our on methodology for NR SDR testing. In summary we make the following proposals:
Proposal #1:
Adopt methodology described in Section 2.1 to define look up table for deriving of exact MCS parameters for NR SDR requirements.

Proposal #2:
Use the following test parameters for SDR requirements for NR carriers:

· SSB: periodicity 20 ms, slot #0 within period

· CSI-RS for tracking: 20 ms, 1 slot, offset 10ms from SSB slot

· CSI-RS for CSI acquisition: mapping in slots with SSB in OFDM symbols without SSB
· No PDSCH scheduling in SSB slots and TRS slots

· No FDM between CORESET and PDSCH
· 1 additional DMRS

· PTRS configuration for FR2: KPTRS=2, LPTRS=1
· TDD configuration

· FR1 15kHz: DDDSU

· FR1 30KHz: 7D1S2U

· FR2 60 kHz: DDSU

· FR2 120 kHz: DDDSU
Proposal #3:
For EN-DC SDR requirements for LTE CC reuse assumptions from LTE SDR tests with modification of FRC for TDD carriers (i.e. update LTE FRC to enable UL-DL configuration #2).
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