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1 Introduction

With the increase of the size of UE radio capabilities driven by additional bands supported, the size of the UE Radio Capabilities will significantly grow from Rel-15 onwards, an efficient approach to signal UE Radio Capability information is needed as described in the SID [1].
This paper aims to estimate the size of UE radio capabilities, which may be the basis for further study.
2 Discussion
Based on the new introduced structure for UE capability in Rel-15, taking UE-NR-Capability as an example, the signaling overhead of UE capability information mainly comes from three part: rf-Parameters, featureSets and featureSetCombinations. The structure is illustrated in Figure 1.
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Figure. 1 The signaling overhead in bits of rf-Parameters, featureSets and featureSetCombination
The size of UE radio capabilities is dependent on the value of the every IEs. Firstly, we would like to estimate a theoretical maximum size. We assume that all the optional parameters included in optional IEs are presented, the estimated size for each IEs is showed in Figure.1 in blue (in bits), and maximum values are considered for each sequence size as showed in “Max values” column of Table.1. The calculation results are showed in “Max sizes” column of Table.2, which are extremely large. The size of UE-MRDC-Capability is in the same situation. The theoretical overhead introduced by Rel-15 parameters in LTE is about 12 kbytes. It means the size of complete UE radio capabilities for a UE supporting LTE, EN-DC and NR will be huge.
Observation 1: The estimated theoretical maximum size of UE radio capabilities is extremely large.
Table. 1 Value of parameters for NR
	
	Max values
	Practical values

	maxBands
	1024
	30

	maxBandsMRDC
	1280
	40

	maxBandComb
	65536
	600

	maxSimultaneousBands
	32
	5

	maxNrofServingCells
	32
	5

	maxFeatureSetCombinations
	1024
	128

	maxFeatureSetsPerBand
	128
	16

	maxDownlinkFeatureSets
	1024
	128

	maxUplinkFeatureSets
	1024
	128

	maxPerCC-FeatureSets
	1024
	64


Table. 2 Estimation of UE radio capabilities size for NR
	Calculation results
	Max sizes (kbytes)
	Practical sizes (kbytes)

	RF-Parameters
	4277
	10

	featureSetCombinations
	5242
	15

	featureSets
	121
	11

	UE-NR-Capability
	≈ 10000
	≈ 36


The estimated theoretical maximum size seems less significance in practical deployment. In fact, the supported bands/band combinations for a device is limited, and the eNB/gNB can request the UE to provide UE radio capabilities for a restricted set of band combinations, thus the signalling overhead can be cut down. According to LTE experience, considering that more bands/band combinations will be supported in NR, the practical values for NR and the calculation results are showed in the rightmost column of Table.1 and Table.2 respectively. For UE-MRDC-Capability, the featureSets is absent but the overhead for RF-ParametersMRDC and featureSetCombinations may be larger. Thus, we assume that the estimated practical size of UE-MRDC-Capability approximates to 30. In LTE, the primary overhead introduced by Rel-15 parameters is FeatureSetsEUTRA-r15, by similar estimation method, the estimated practical size for Rel-15 parameters in UE-EUTRA-Capability is about 4 kbytes.
Observation 2: The estimated practical size of UE radio capabilities is highly reduced, but it may still exceed the size limitation of PDCP PDU.
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Figure. 2 The interfaces for RAN and core network
For RAN interfaces, the size limitation of PDCP PDU is 9000 bytes for NR and 8188 bytes LTE, and there are no limitations for SCTP based interface [2]. For core network interfaces, the size for the RAN transparent container is limited to 50 kbytes for GTP based S10 interface [3] and N26 interface, but no upper limit is defined for HTTP based N14 interface [3]. According to the estimation above, it is hard for the size of UE radio capabilities to respect the limitation of RAN interface, and can even exceed the limitation of GTP based interfaces. As a consequence, the issue of exceeding the size limitation exists mainly during: 1) UE radio capabilities reporting in Uu interface; 2) UE radio capabilities transfer between two MMEs (S1 based handover) as well as between MME and AMF (handover between LTE and NR).
Observation 3: The issue of exceeding the size limitation exists mainly during: 1) UE radio capabilities reporting in Uu interface; 2) UE radio capabilities transfer between two MMEs (S1 based handover) as well as between MME and AMF (handover between LTE and NR).
Proposal: Capture the following TP into the TR.
3 Conclusion and Proposals
In this contribution, the following observations and proposals are made:
Observation 1: The estimated theoretical maximum size of UE radio capabilities is extremely large.
Observation 2: The estimated practical size of UE radio capabilities is highly reduced, but it may still exceed the size limitation of PDCP PDU.
Observation 3: The issue of exceeding the size limitation exists mainly during: 1) UE radio capabilities reporting in Uu interface; 2) UE radio capabilities transfer between two MMEs (S1 based handover) as well as between MME and AMF (handover between LTE and NR).
Proposal: Capture the following TP into the TR.
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Text Proposal
The size of the UE radio capabilities will significantly grow from Rel-15 onwards due to additional supported bands/band combinations. Based on the newly introduced structure for UE capability in Rel-15, the estimated theoretical maximum size of UE radio capabilities for NR or EN-DC is about 10000 kbytes, the theoretical overhead introduced by Rel-15 parameters in LTE is about 12 kbytes.
Moreover, in practical deployment, the supported bands/band combinations for a device is limited, and the eNB/gNB can request the UE to provide UE radio capabilities for a restricted set of band combinations. According to LTE experience, the estimated practical size of UE radio capabilities for NR or EN-DC is around 30 kbytes, the estimated practical overhead for Rel-15 parameters in LTE is about 4 kbytes.
For RAN interfaces, the size limitation of PDCP PDU is 9000 bytes for NR and 8188 bytes LTE, and there are no limitations for SCTP based interface. For core network interfaces, the size for the RAN transparent container is limited to 50 kbytes for GTP based S10 interface and N26 interface, but no upper limit is defined for HTTP based N14 interface. It is hard for the size of UE radio capabilities to respect the limitation of Uu interface, and it can even exceed the limitation of GTP based interfaces. The issue of exceeding the size limitation exists mainly during: 1) UE radio capabilities reporting in Uu interface; 2) UE radio capabilities transfer between two MMEs (S1 based handover) as well as between MME and AMF (handover between LTE and NR). 
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