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1 Introduction

In RAN4 #92 WF on PDSCH CA normal demodulation requirements was approved [1].In this paper we provide further view on test methodology and simulation assumptions for NR CA PDSCH normal demodulation requirements.
2 Discussion
Channel bandwidth and SCS
In the previous RAN4 meeting the following agreements were reached on Channel bandwidth and SCS combinations for CA requirements definition:
	· Channel bandwidth and SCS for requirements: 

· Option 1: All configurable channel bandwidths for all the configurable SCSs 

· Note: not consider FR1 60kHz SCS

· Option 2: Down-select considering the CA configurations in the core spec

· Option 2a: Down-select to ensure each CA configuration can be tested. 

· Option 2b: Down-select to ensure the maximum aggregated channel bandwidth combination for each CA configuration can be tested.

· For option 2a/2b

· Till March 2020, focus on the CA configuration in Rel-16 June 2019 version

· From March 2020, cover the CA configurations in Rel-16 Mar 2020 version


Based on current capability signalling [2] the following information can be transmitted by UE: supportedBandwidthDL (indication of maximum DL channel bandwidth supported for a given SCS that UE supports within a single CC) and channelBWs-DL (indication for each subcarrier spacing whether the UE supports channel bandwidths lower than the maximum channel bandwidth). Taking into account current flexibility of UE capability signalling design it is rather hard to define subset of channel bandwidth and SCS combination which will be supported by all UEs and same time will be sufficient for testing of Normal CA performance. Therefore, we suggest to cover all supported at current stage CBW/SCS combinations. Also, such approach allows to avoid periodic extension of Normal CA requirements in each future realises once new CBW/SCS combination became necessary for testing.
Proposal 1:
Define Normal CA requirements for all supported channel bandwidth and subcarrier spacing combinations.

Simulation assumptions

In the previous RAN4 meeting the following agreements were reached on Rank, MCS and Receiver Type configurations:
	· Rank:

· For 2Rx 

· Option 1: rank 1, 2 
· Option 2: rank 1 
· Option 3: rank 2  
· For 4Rx 

· Option 1: rank 1 or rank 2
· Option 2: rank 1, 2 
· Option 3: rank 1, 2, 3, and 4
· MCS:

· Option 1: MCS 13 (16QAM, CR 1/2) 

· Option 2: cover QPSK, 16QAM,  64QAM and 256QAM in different tests

· Other options are not precluded 

· Receiver type:

· MMSE-IRC, FFS for R-ML


· Rank configuration

Maximum number of MIMO layers supported by UE for each CC for CA operation is up to capability signalling. At current stage, UE can provide information whether it supports 1, 2 or 4 layers. Therefore, we think that NR CA requirements should be defined at least for scenarios with Rank 1 transmission. Definition of CA requirements for other Rank configurations can be discussed further after finalization of requirements for Rank 1. Same time, CA scenarios with high Rank configuration are already tested in SDR requirements and definition of additional Normal CA requirements with High Rank configuration does not allow to extend test coverage.
· Modulation format configuration

Similar to Maximum number of MIMO layers, maximum supported modulation order is also up to UE capability. However, in comparison to Maximum number of MIMO layers, information about maximum supported modulation order is used for the max data rate calculation and gNB can use higher modulation order than indicated in this UE capability field ensuring that the resulting data rate does not exceed the max data rate and max data rate per CC. The only limiting factor on modulation order for scheduling is support of 256QAM modulation, i.e. 256QAM can be used only in case UE is capably to receiver this modulation order. High order modulations for CA scenarios are already cover in SDR requirements and using of QPSK or 16QAM for Normal CA requirements allows to extend test coverage for CA scenarios and, also, avoid possible issues with selection of modulation order for scheduling in case maximum supported modulation order capability contains rather low modulation order values.
· Receiver type
Most of LTE Normal CA requirements are defined for LMMSE-MRC and limited set of requirements are defined for LMMSE-IRC (Enhanced Performance Requirements Type A) receiver for scenarios with 2 DL CCs and inter-cell interference. We think that as first priority RAN4 should define requirements for LMMSE-IRC receiver and further discuss introduction of R-ML requirements for CA scenarios.
Proposal 2:
Define Rel-16 Normal CA requirements at least for scenarios with Rank1, QPSK or 16QAM modulation format and LMMSE-IRC receiver. Further discuss introduction of Rel-16 Normal CA requirements for other scenarios.
Test applicability rule
In the previous RAN4 meeting the following topics were captured for further study of NR CA applicability rules:
	· FFS categorizing of CA capabilities

· FFS on test of different CA capabilities

· FFS on test applicability for different CA duplex mode 

· FFS on selection of CA configuration(s) for test among supported CA configurations

· FFS on selection CBW combination for test for selected CA configuration


· CA capabilities
At current stage, the following CA capabilities are defined for LTE Normal CA requirements for scenarios with different number of CCs: Intra-band contiguous CA, Intra-band non-contiguous CA and Inter-band CA with different number of bands. Depending of scenarios, UE is tested for each or any one supported CA capability. First of all, we think that it rather redundant to test UE for multiple Inter-band CA with different number of bands and it should be sufficient to test only for Inter-band CA scenarios with the highest number of bands. Also, we think that it is rather important to defined first batch of CA requirements with testing on all CA scenarios, i.e. Intra-band and Inter-band. If limited set CA requirements will be defined for scenarios with high rank, high modulation order or R-ML receiver then these requirements can be defined with testing on any one CA capability.
· Selection of CA configuration for testing
In LTE Normal CA requirements, different test rules are defined for verification of 2 Rx and 4 Rx UEs. Most of 2 Rx requirements assume testing for any one of supported CA configuration with the largest aggregated channel bandwidth. Same time, 4 Rx requirements are defined under assumption of testing for any one of supported CA configuration with the highest number of 4Rx CCs and the largest aggregated channel bandwidth. 
LTE capability signalling is simpler that NR, for example, for LTE, information about supported maximum modulation order is just single flag whether UE supports or not 256QAM, but for NR, this information is signalled on per CC basis. Therefore, for LTE with 2 Rx, it is rather straightforward that CBW combination with the largest aggregated bandwidth corresponds to scenarios with the highest data rate and the best communication quality. NR capability signalling is more flexible then LTE and contains multiple fields: channel bandwidth, subcarrier spacing, maximum number of MIMO layer, maximum modulation order and scaling factor. Therefore, for NR testing of CA scenarios, it is better to take into account all capability fields to select CA configuration with the best communication quality. Selection based on data rate calculation (using equation from TS 38.306) can be one of potential solution.
As for methodology for selection of CA configuration, one of the following methodologies can be considered, depending on the test purpose:

· Option 1 (Highest data rate):

· Step 1: Select any one of CA configurations, which contain CBW combination with the largest data rate among all supported CA configurations
· Option 2 (Largest number of CCs with maximum supported modulation order):

· Step 1: Find the largest value (Qmmax) of UE capability field related to maximum supported modulation order, i.e. supportedModulationOrderDL
· Step 2: Select CA configurations with maximum number of CCs, on which UE capability field supportedModulationOrderDL is equal to Qmmax, among all supported CA configurations
· Step 3: Select any one of CA configurations, which contain CBW combination with the largest data rate among all the selected CA configurations from Step 2

· Option 3 (Largest number of CCs with maximum supported number of MIMO layers):
· Step 1: Find the largest value (νLayersmax) of UE capability field related to maximum supported number of MIMO layers, i.e. maxNumberMIMO-LayersPDSCH
· Step 2: Select CA configurations with maximum number of CCs, on which UE capability field maxNumberMIMO-LayersPDSCH is equal to νLayersmax, among all supported CA configurations
· Step 3: Select any one of CA configurations, which contain CBW combination with the largest data rate among all the selected CA configurations from Step 2

Proposal 3:
Consider the following CA capabilities for NR Normal CA testing: Intra-band contiguous CA, Intra-band non-contiguous CA and Inter-band CA with the largest number of bands

Proposal 4:
Test one set of parameters (i.e. one Rank, one Modulation format and LMMSE-IRC receiver) for all CA capabilities from Proposal 3. Other sets of parameters can be tested for any one of CA capabilities from Proposal 3.
Proposal 5:
Consider one of the following approaches for selection of CA configuration for NR Normal CA testing:
· Option 1:

· Step 1:
Select any one of CA configurations, which contain CBW combination with the largest data rate among all supported CA configurations

· Option 2:

· Step 1:
Find the largest value (Qmmax) of UE capability field related to maximum supported modulation order, i.e. supportedModulationOrderDL
· Step 2:
Select CA configurations with maximum number of CCs, on which UE capability field supportedModulationOrderDL is equal to Qmmax, among all supported CA configurations

· Step 3:
Select any one of CA configurations, which contain CBW combination with the largest data rate among all the selected CA configurations from Step 2

· Option 3:

· Step 1:
Find the largest value (νLayersmax) of UE capability field related to maximum supported number of MIMO layers, i.e. maxNumberMIMO-LayersPDSCH
· Step 2:
Select CA configurations with maximum number of CCs, on which UE capability field maxNumberMIMO-LayersPDSCH is equal to νLayersmax, among all supported CA configurations

· Step 3:
Select any one of CA configurations, which contain CBW combination with the largest data rate among all the selected CA configurations from Step 2

3 Conclusion

In this paper we provided view on test methodology and simulation assumptions for NR CA PDSCH normal demodulation requirements and made the following proposals:
Proposal 1:
Define Normal CA requirements for all supported channel bandwidth and subcarrier spacing combinations.

Proposal 2:
Define Rel-16 Normal CA requirements at least for scenarios with Rank1, QPSK or 16QAM modulation format and LMMSE-IRC receiver. Further discuss introduction of Rel-16 Normal CA requirements for other scenarios.
Proposal 3:
Consider the following CA capabilities for NR Normal CA testing: Intra-band contiguous CA, Intra-band non-contiguous CA and Inter-band CA with the largest number of bands

Proposal 4:
Test one set of parameters (i.e. one Rank, one Modulation format and LMMSE-IRC receiver) for all CA capabilities from Proposal 3. Other sets of parameters can be tested for any one of CA capabilities from Proposal 3.
Proposal 5:
Consider one of the following approaches for selection of CA configuration for NR Normal CA testing:
· Option 1:

· Step 1:
Select any one of CA configurations, which contain CBW combination with the largest data rate among all supported CA configurations

· Option 2:

· Step 1:
Find the largest value (Qmmax) of UE capability field related to maximum supported modulation order, i.e. supportedModulationOrderDL
· Step 2:
Select CA configurations with maximum number of CCs, on which UE capability field supportedModulationOrderDL is equal to Qmmax, among all supported CA configurations

· Step 3:
Select any one of CA configurations, which contain CBW combination with the largest data rate among all the selected CA configurations from Step 2

· Option 3:

· Step 1:
Find the largest value (νLayersmax) of UE capability field related to maximum supported number of MIMO layers, i.e. maxNumberMIMO-LayersPDSCH
· Step 2:
Select CA configurations with maximum number of CCs, on which UE capability field maxNumberMIMO-LayersPDSCH is equal to νLayersmax, among all supported CA configurations

· Step 3:
Select any one of CA configurations, which contain CBW combination with the largest data rate among all the selected CA configurations from Step 2
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