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This document analyses the size of the NR UE capability structure.
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General overview of the capability structure
The UE-NR-Capability structure is as shown below:
UE-NR-Capability ::= SEQUENCE {
	accessStratumRelease			AccessStratumRelease,
	pdcp-Parameters					PDCP-Parameters, 
	rlc-Parameters					RLC-Parameters						OPTIONAL,						
	mac-Parameters					MAC-Parameters						OPTIONAL,						 
	phy-Parameters					Phy-Parameters,
	rf-Parameters					RF-Parameters,
[bookmark: _Hlk515667603]	measAndMobParameters				MeasAndMobParameters						OPTIONAL,
	fdd-Add-UE-NR-Capabilities		UE-NR-CapabilityAddXDD-Mode			OPTIONAL,
	tdd-Add-UE-NR-Capabilities		UE-NR-CapabilityAddXDD-Mode			OPTIONAL,
	fr1-Add-UE-NR-Capabilities		UE-NR-CapabilityAddFRX-Mode			OPTIONAL,
	fr2-Add-UE-NR-Capabilities		UE-NR-CapabilityAddFRX-Mode			OPTIONAL,
	featureSets						FeatureSets 						OPTIONAL,
	featureSetCombinations			SEQUENCE (SIZE (1..maxFeatureSetCombinations)) OF FeatureSetCombination			OPTIONAL,

	lateNonCriticalExtension		OCTET STRING						OPTIONAL,
	nonCriticalExtension			UE-NR-Capability-15xy							OPTIONAL
}

The size of this structure is dominated by two fields: rf-Parameters (including the band combination list) and featureSetCombinations (the list of feature set combinations per band).  The other fields have essentially flat structures or only a single layer of lists.
Observation 1: The size of the capability is dominated by rf-Parameters and featureSetCombinations.
In the subsequent sections, we investigate the size of these two fields.
Size of rf-Parameters
In the RF-Parameters structure, the size is dominated by the band combination list:
RF-Parameters ::= SEQUENCE {
	supportedBandListNR				SEQUENCE (SIZE (1..maxBands)) OF BandNR,
	supportedBandCombinationList		BandCombinationList						OPTIONAL,
	appliedFreqBandListFilter			FreqBandList							OPTIONAL
}

BandCombinationList ::=			SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination

BandCombination ::= 				SEQUENCE {
	bandList								SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParameters,
	featureSetCombination				FeatureSetCombinationId,

	ca-ParametersEUTRA					CA-ParametersEUTRA					OPTIONAL,
	ca-ParametersNR						CA-ParametersNR						OPTIONAL,
	mrdc-Parameters						MRDC-Parameters						OPTIONAL,
	supportedBandwidthCombinationSet		BIT STRING (SIZE (1..32))			OPTIONAL,
	powerClass-v15xy					ENUMERATED {pc2}					OPTIONAL
}

BandParameters ::=					CHOICE {
	eutra							SEQUENCE {
		bandEUTRA						FreqBandIndicatorEUTRA,
		ca-BandwidthClassDL-EUTRA		CA-BandwidthClassEUTRA				OPTIONAL,
		ca-BandwidthClassUL-EUTRA		CA-BandwidthClassEUTRA				OPTIONAL
	},
	nr								SEQUENCE {
		bandNR							FreqBandIndicatorNR,
		ca-BandwidthClassDL-NR			CA-BandwidthClassNR					OPTIONAL,
		ca-BandwidthClassUL-NR			CA-BandwidthClassNR					OPTIONAL
	}
}

Focussing only on the BandCombinationList and on the bandList fields inside it, the size is:
(#_of_band_combinations) * (Length_indicator + (#_of_bands * (Choice_bit + 2*Optionality_bit + Band_indicator + 2*Bandwidth_class)))
The length indicator (1..maxSimultaneousBands) is 5 bits; the band indicator is 10 bits and the NR bandwidth class indicators are 6 bits each (5 bits plus the extension flag; the LTE bandwidth class indicators are 4 bits).  In a hypothetical deployment with 1024 band combinations and up to 4 bands per band combination, then, the size of this list would be (1024*(5+(4*(6+10+8)))) = 101 Kbits = 12.625 KB if all bands were NR, or (1024*(5+(4*(4+10+8)))) = 93 kbits = 11.625 KB if all bands were LTE (in both cases assuming the bandwidth class indicator is present for all bands), so the size for a deployment of mixed LTE and NR bands would fall somewhere in this range.  This calculation neglects the contribution of the fields featureSetCombination, ca-ParametersEUTRA/NR, mrdc-Parameters, supportedBandwidthCombinationSet, and powerClass-v15xy, which would add several kilobits.
Observation 2: The size of the BandCombinationList structure alone can exceed the 9 KB PDCP limit.
Size of featureSetCombinations
The feature set combination list is now decoupled from the number of band combinations; instead, its size depends on the total number of feature set combinations and the number of feature sets per band.  The structure is as follows:
	featureSetCombinations			SEQUENCE (SIZE (1..maxFeatureSetCombinations)) OF FeatureSetCombination			OPTIONAL,

FeatureSetCombination ::=	SEQUENCE (SIZE (1..maxSimultaneousBands)) OF FeatureSetsPerBand

FeatureSetsPerBand ::= 		SEQUENCE (SIZE (1..maxFeatureSetsPerBand)) OF FeatureSet

FeatureSet ::=					CHOICE {
	eutra							SEQUENCE {
		downlinkSetEUTRA				FeatureSetEUTRA-DownlinkId,
		uplinkSetEUTRA					FeatureSetEUTRA-UplinkId
	},
	nr								SEQUENCE {
		downlinkSetNR					FeatureSetDownlinkId,
		uplinkSetNR						FeatureSetUplinkId
	}
}
The total size of the structure is
(#_of_FSCs) * (Length_indicator_1 + #_of_bands * (Length_indicator_2 + #_of_FSs_per_band * (Choice_bit + 2*Feature_set_ID)))
Here the first length indicator is (1..maxSimultaneousBands) with a size of 5 bits, and the second is (1..maxFeatureSetsPerBand) with a size of 7 bits (maxFeatureSetsPerBand=128).  Each feature set ID is 10 bits in NR or 8 bits in LTE.
There could be high variation in the number of feature sets.  In some cases feature sets might be relatively consistent across different band combinations, leading to a relatively small list of FSCs; in others there might be a large amount of variation between band combinations leading to a large list.  The theoretical maximum of the structure would have 1024 FSCs and 128 FSs per band, so with 4 bands per combination, the total size would be 1024 * (5 + 4 * (7 + 128 * (1 + 2*10))) = 10.53 Mbits = 1.32 MB.  We assume this is not a reasonable scenario, however; more modest assumptions cause large variation in the total size, as shown in Table 1.  (Four bands per band combination is assumed in all cases.)
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	Number of FSCs
	Number of FSs per band
	Total size

	64
	2
	1.57 KB

	256
	8
	22 KB

	1024
	128
	1.32 MB



Observation 3: The size of the feature set combination list is highly variable depending on assumptions, but in some cases can far exceed the size of the RF-Parameters structure.
Observation 4: The initial capability size estimate of “several tens of kilo-octets” given in [2] appears to be valid.
Conclusion
This document made the following observations regarding the size of the NR UE capability:
Observation 1: The size of the capability is dominated by rf-Parameters and featureSetCombinations.
Observation 2: The size of the BandCombinationList structure alone can exceed the 9 KB PDCP limit.
Observation 3: The size of the feature set combination list is highly variable depending on assumptions, but in some cases can far exceed the size of the RF-Parameters structure.
Observation 4: The initial capability size estimate of “several tens of kilo-octets” given in [2] appears to be valid.
It is proposed to capture the conclusions in the TR.
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