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1. Introduction
In the current specification, there are two 1024 QAM capabilities as below extracted from [1]: 
	pdsch-1024QAM-2MIMO-FR1-r17
Indicates whether the UE supports 1024QAM modulation scheme for PDSCH with maximum 2 MIMO layers for FR1 as defined in TS 38.211 [6], MCS and CQI feedback tables based on 1024QAM modulation order as defined in TS 38.214 [12].

UE indicating support of this feature shall also indicate support of pdsch-256QAM-FR1.
	Band
	No
	N/A
	FR1 only

	pdsch-1024QAM-FR1-r17
Indicates whether the UE supports 1024QAM modulation scheme for PDSCH for FR1 as defined in TS 38.211 [6], MCS and CQI feedback tables based on 1024QAM modulation order as defined in TS 38.214 [12].

UE indicating support of this feature shall also indicate support of pdsch-256QAM-FR1.
	Band
	No
	N/A
	FR1 only


[bookmark: _Hlk118193528]
The pdsch-1024QAM-2MIMO-FR1-r17 is introduced to indicate 1024 QAM with restricted MIMO layer to reduce the requirement for UE supporting 1024 QAM. 
In this contribution, we will analyze the impact due to support of pdsch-1024QAM-2MIMO-FR1-r17.
2. Discussion
Since pdsch-1024QAM-2MIMO-FR1-r17 is a lower capability than pdsch-1024QAM-FR1-r17, it is straightforward that the UE shall at most report one of pdsch-1024QAM-2MIMO-FR1-r17 and pdsch-1024QAM-FR1-r17.
Proposal 1: Clarify that UE shall at most report one of pdsch-1024QAM-2MIMO-FR1-r17and pdsch-1024QAM-FR1-r17.
[bookmark: OLE_LINK6]The current per CC IE supportedModulationOrderDL is not extended to report 1024 QAM, and the absent of supportedModulationOrderDL is used to indicate 256 QAM or 1024 QAM based on whether 1024QAM capability is reported as below extracted from [1]:
supportedModulationOrderDL
Indicates the maximum supported modulation order to be applied for downlink in the carrier in the max data rate calculation as defined in 4.1.2. If included, the network may use a modulation order on this serving cell which is higher than the value indicated in this field as long as UE supports the modulation of higher value for downlink. If not included:
-	for FR1, the network uses the modulation order signalled per band i.e. [pdsch-1024QAM-FR1] when [pdsch-1024QAM-FR1] is signalled for the band, otherwise the network uses the modulation order signalled in pdsch-256QAM-FR1.
-	for FR2, the network uses the modulation order signalled per band i.e. pdsch-256QAM-FR2 if signalled. If not signalled in a given band, the network shall use the modulation order 64QAM.
In all the cases, it shall be ensured that the data rate does not exceed the max data rate (DataRate) and max data rate per CC (DataRateCC) according to TS 38.214 [12].

Even though it would work even if 1024 QAM is not introduced to supportedModulationOrderDL based on the current logic, it is not forward compatible. For example, if 4096 QAM was introduced in the future, the absent of supportedModulationOrderDL would not be able to imply 1024 QAM anymore. Therefore, an explicit 1024 QAM in is supportedModulationOrderDL more further proof.
Proposal 2: Extend supportedModulationOrderDL to include 1024 QAM.
In current capability framework, the MIMO layer is indicated in FeatureSetUplinkPerCC as below:
FeatureSetDownlinkPerCC ::=         SEQUENCE {
    supportedSubcarrierSpacingDL        SubcarrierSpacing,
    supportedBandwidthDL                SupportedBandwidth,
    channelBW-90mhz                     ENUMERATED {supported}                                                  OPTIONAL,
    maxNumberMIMO-LayersPDSCH           MIMO-LayersDL                                                           OPTIONAL,
    supportedModulationOrderDL          ModulationOrder                                                         OPTIONAL
}

If the UE indicates support of pdsch-1024QAM-2MIMO-FR1-r17, for the CC where 1024 QAM is used, it is not clear whether the MIMO layer can be set to more than 2. Two options can be discussed to clarify the restriction for the UE supporting pdsch-1024QAM-2MIMO-FR1-r17:
Option1: The maxNumberMIMO-LayersPDSCH shall not be set to more than 2 for the CC where 1024 QAM is reported.
Option2: The MIMO layer for 1024 QAM is Min (2, maxNumberMIMO-LayersPDSCH) for the CC where 1024 QAM is reported, and the MIMO layer for non-1024 QAM is maxNumberMIMO-LayersPDSCH.
Option 1 is simple, however, it not clear why pdsch-1024QAM-2MIMO-FR1-r17 is introduced with this option, as the UE can anyway indicate only 2 MIMO layer by current per CC capability and the pdsch-1024QAM-2MIMO-FR1-r17 seems redundant. In addition, it implies the UE can’t support more than 2 MIMO layers even though the UE is scheduled with non-1024 QAM (such as 256QAM or 64 QAM) based on the same FeatureSet. If the UE supports 4 MIMO layers for non-1024 QAM, additional FeatureSet has to be reported, which will introduce additional signaling load and also may potentially cause RRC reconfiguration when switching transmission for 1024 QAM and non-1024QAM with more than 2 MIMO layer due to the fact that different FeatureSet is used for 1024 QAM (2 MIMO) and non-1024 QAM (4 MIMO layer).
Option 2 allows to report 4 MIMO layers for non-1024 QAM and 2 MIMO layer for 1024 QAM in same FeatureSet and thus can address the problems above for option 1. Therefore, we would suggest to clarify as option 2.
Proposal 3: The MIMO layer for 1024 QAM is Min (2, maxNumberMIMO-LayersPDSCH) for the CC where 1024 QAM is reported, and the MIMO layer for non-1024 QAM is maxNumberMIMO-LayersPDSCH.
The maximum data rate for a BC is calculated as the rules define in [] as below: 
[image: ]
Since the data rate for 1024 QAM(Q=10) with 2 MIMO is lower than 256 QAM(Q=8) with 4 MIMO, for reduced 1024QAM capability, the max data rate might not be the data rate calculated by supportedModulationOrderDL in the per CC report. Therefore, we would suggest the max data rate shall be derived from the bigger data rate between 1024 QAM or 256 QAM for CC where 1024 QAM is indicated and the UE support reduced 1024 capability.  
Proposal 4: Max data rate shall be derived from the higher data rate between 1024 QAM or 256 QAM for CC where 1024 QAM is indicated and the UE support reduced 1024 capability.
The scaling factor for 1024 QAM is introduced and it is our understanding that it is only used for 1024 QAM according to the description below:
	scalingFactor
Indicates the scaling factor to be applied to the band in the max data rate calculation as defined in 4.1.2. Value f0p4 indicates the scaling factor 0.4, f0p75 indicates 0.75, and so on. If absent, the scaling factor 1 is applied to the band in the max data rate calculation.

	scalingFactor-1024QAM-FR1-r17
Indicates the scaling factor to be applied to the band in the max data rate calculation for 1024-QAM as defined in 4.1.2 when support of 1024-QAM for PDSCH is signalled for the band. Value f0p4 indicates the scaling factor 0.4, f0p75 indicates 0.75, and so on. If absent, the scaling factor 1 is applied to the band in the max data rate calculation for 1024-QAM.

UE indicating support of this feature shall also indicate support of pdsch-1024QAM-FR1-r17 or pdsch-1024QAM-2MIMO-FR1-r17 to the band.



This means the legacy scalingFactor is only used when non-1024 QAM is scheduled, this should be clarified in description for scalingFactor.
Proposal 5: Clarify that both scalingFactor and scalingFactor-1024QAM-FR1-r17 can be included for in one per CC capability and legacy scalingFactor is used when non-1024 QAM is scheduled.
3. Conclusion
[bookmark: _GoBack]Based on the above discussion and the following observations, we recommend RAN2 to adopt the following proposals:
Proposal 1: Clarify that UE shall at most report one of pdsch-1024QAM-2MIMO-FR1-r17and pdsch-1024QAM-FR1-r17.
Proposal 2: Extend supportedModulationOrderDL to include 1024 QAM.
Proposal 3: The MIMO layer for 1024 QAM is Min (2, maxNumberMIMO-LayersPDSCH) for the CC where 1024 QAM is reported, and the MIMO layer for non-1024 QAM is maxNumberMIMO-LayersPDSCH.
Proposal 4: Max data rate shall be derived from the higher data rate between 1024 QAM or 256 QAM for CC where 1024 QAM is indicated and the UE support reduced 1024 capability.
Proposal 5: Clarify that both scalingFactor and scalingFactor-1024QAM-FR1-r17 can be included for in one per CC capability and legacy scalingFactor is used when non-1024 QAM is scheduled.
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For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed
as follows.
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