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1 Introduction

One of important UE performance requirements tests is SDR test which allows verifying that UE can reach its peak L2 data rate based on the declared UE capabilities. Details of NR SDR performance requirements are still under discussion. In this paper we provide our views on the methodology for NR SDR testing.
2 Discussion
The purpose of LTE SDR tests 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.” In accordance to the LTE SDR methodology UE is required to pass the SDR tests for a single CA bandwidth combination among all supported CA configurations. This CA bandwidth combination is selected based on a criteria that equivalent aggregated bandwidth for this CA bandwidth combination is the largest among all CA bandwidth combinations supported by UE. In other words, UE is required to pass the SDR test for the CA combination which provides the highest aggregated throughput. For LTE SDR testing FRCs are defined for different channel bandwidth (5, 10, 15 and 20 MHz) taking into account UE capability on maximum number of MIMO layers per CC, support of 256QAM modulation and particular UE category. 
In NR, the maximum aggregated and per-carrier data rates depend on the UE capabilities. In particular, as a part of UE capabilities signalling, UE informs gNB about the maximum number of MIMO layers (ν), maximum supported modulation order (Qm) and scaling factor (f) with per CC per band per BC signalling granularity. gNB can calculate the maximum peak rate using the following equation from TS 38.306 [1]:
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where Rmax = 948/1024, 
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 is the average OFDM symbol duration in a subframe for numerology 
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 is the maximum RB allocation in bandwidth 
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 is the overhead factor equal to [0.14] for FR1 and [0.18] for FR2. As for scaling factor (f), it can be equal to one of the following values 1, 0.8, 0.75 or 0.4. 
The NR SDR test purpose can be defined as follows: “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.” Following the LTE principles, UE may be required to pass the SDR tests for CA bandwidth combination and UE capabilities combination, which lead to the largest achievable data rate. However, such testing approach may be challenging in terms of implementation due to high amount of parameters in NR system. For instance, for FR1 there are 31 possible SCS/CBW combinations, 2 capabilities on maximum number of MIMO layers (2 or 4), 2 capabilities on maximum modulation order (64QAM or 256QAM) and 4 scaling factors. For FR2 there are 7 combinations for SCS/CBW, 1 capability on maximum number of MIMO layers (i.e. 2), and 4 scaling factors. Therefore, in order to ensure completely flexible SDR testing a very large number of FRCs shall be defined. In total, ~400 FRCs are needed for FR1 and ~30 FRCs for FR2. Defining all FRCs will require substantial difficulties and such approach may require a lot of maintenance efforts in the future once new parameters are introduced. Therefore, a unified approach to derive the FRCs is required.
LTE SDR testing procedure
Currently, in LTE the following procedure is used for SDR testing:

1) Calculate aggregated bandwidth for each CA bandwidth combination from CA bandwidth combinations supported by UE, taking into account channel bandwidth size and maximum MIMO layers capability
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2) Take CA bandwidth combination which allows to achieve maximum aggregated bandwidth

3) Select FRC table taking into account UE capability on maximum supported modulation format (64QAM and 256QAM) and use TBS and Modulation Format from this table depending on CC CBW value for selected CA bandwidth combination
NR SDR testing procedure

For NR, we suggest to consider the following modified procedure:

1) Calculate data rate using equation from TS 38.306 [1] 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)

2) Use CA bandwidth combination which allows achieving maximum data rate for SDR test
3) Perform “UE capability to MCS” mapping from TS 38.101-4 to select MCS for each CC from selected CA bandwidth combination which allows achieving maximum data under certain UE capabilities and test parameters (e.g. DMRS configuration, MCS table):
a. Option 1: Use look up table for “UE capability to MCS” mapping
i. For this option RAN4 will define “UE capability to MCS” mapping and TE will use MCS depending on test conditions
b. Option 2: Use procedure for “UE capability to MCS” mapping
i. For this option RAN4 will define “UE capability to MCS” mapping procedure and maximum feasible MCS value under certain test conditions and TE will use this procedure and restrictions from RAN4 to find MCS for required test conditions
UE capability to MCS mapping
The main question for a new SDR testing procedure is how to perform “UE capability to MCS” mapping. We suggest to use the following steps:

1) Calculate maximum TBS value depending on UE capability and CBW/SCS combination
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2) Find MCS, using TBS determination equation from TS 38.214 [2], for the given test parameters (CBW, SCS, MCS table etc.) which provides TBS not exceeding the maximum TBS in Step 1
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3) Find maximum MCS for the given test parameters which allows achieving feasible performance
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4) Use minimum MCS index from Step 2 and Step 3 for MCS value definition
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Steps 3 and 4 are rather important because Step 2 allows to find upper bound MCS index. The MCS used for the requirements should taking into account practical conditions and impairments. In addition, for FR2 testing it may not be possible to generate sufficiently high power RX signal at the UE side and, therefore, the effective SNR may be limited by UE noise floor. 
Proposal #1:
Use the following procedure for NR SDR testing

1) 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)

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

3) Perform “UE capability to MCS” mapping from TS 38.101-4 to select MCS for each CC from selected CA bandwidth combination which allows achieving maximum data under certain UE capabilities and test parameters (e.g. DMRS configuration, MCS table)

Proposal #2:
FFS between two options for “UE capability to MCS” mapping
1) Option 1: Look up table

2) Option 2: Specific procedure

SDR for EN-DC and NR FR1 + FR2 CA scenarios

In addition, we would like to note that based on the recent discussion in the NR Test methods SI scope, it was concluded that for the OTA FR2 tests, the measurement system can provide LTE and NR FR1 links. However, the quality of this links cannot be guaranteed which complicates introduction of the joint performance requirements. The respective restrictions do not allow SDR verification for EN-DC LTE + FR2 and NR CA FR1 + FR2 scenarios. Therefore, at least testing of such requirement is not possible and we recommend RAN4 to further discuss whether respective requirements shall be introduced.
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 procedure for NR SDR testing

4) 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)

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

6) Perform “UE capability to MCS” mapping from TS 38.101-4 to select MCS for each CC from selected CA bandwidth combination which allows achieving maximum data under certain UE capabilities and test parameters (e.g. DMRS configuration, MCS table)

Proposal #2:
FFS between two options for “UE capability to MCS” mapping
3) Option 1: Look up table

4) Option 2: Specific procedure
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