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1	Introduction
In WID on New Radio Access Technology [1] approved in RAN#75 meeting, the following objective is captured, which involves the joint efforts from RAN1, RAN2 and RAN4 for the well-defined UE capability:
	· [bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK27]Definitions of UE categories / capabilities, with the aim to minimize the number of categories [RAN1, RAN2, RAN4];



Apparently, it seems too early to discuss the definition of UE capabilities, especially from RAN4 perspective. However, many aspects of UE capabilities require RAN4’s understanding and input as soon as possible. 
In this paper, we provide our observations and proposals on NR UE capability related issues from RAN4 perspective. 

2 Discussion
2.1 Capability Separation btw. RF and Baseband
It is well known that in current LTE design, some RF-related capabilities are reported combined with baseband capabilities. The below table excerpted from TS36.331 is the RRC IE design for band combination support. Specifically, UE will list all supported band combination explicitly. In each band combination, baseband related capability supportedNAICS-2CRS-AP-r13 is reported. Moreover, for each band of each band combination (per BoBC), uplink MIMO (CA-MIMO-ParametersUL-r10), downlink MIMO (CA-MIMO-ParametersDL-r13) and supported CSI processes are reported separately. 
Furthermore, with different carriers in the intra-band contiguous CA, the support of MIMO could be different (e.g., UEs can support more MIMO layers when configured with fewer carriers). In current signaling design, this was realized by duplication band combination. Similarly, to claim NAICS and CSI processes capabilities, even more band combination could be listed.
BandCombinationList-r13 ::= SEQUENCE (SIZE (maxBandComb-r13)) OF BandCombination-r13

BandCombination-r13 ::=		SEQUENCE {
	additionalFallbackSupported-r13		ENUMERATED {true}				OPTIONAL,
	bandCombinationParameters-r13		BandCombinationParametersCommon-r13
}

BandCombinationParametersCommon-r13 ::= SEQUENCE {
	bandParameterList-r13			SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF BandParameters-r13,
	supportedBandwidthCombinationSet-r13		SupportedBandwidthCombinationSet-r10		OPTIONAL,
	multipleTimingAdvance-r13		ENUMERATED {supported}					OPTIONAL,
	simultaneousRx-Tx-r13			ENUMERATED {supported}					OPTIONAL,
	bandInfoEUTRA-r13				BandInfoEUTRA,
	dc-Support-r13					SEQUENCE {
		asynchronous-r13			ENUMERATED {supported}			OPTIONAL,
		supportedCellGrouping-r13		CHOICE {
				threeEntries-r13				BIT STRING (SIZE(3)),
				fourEntries-r13					BIT STRING (SIZE(7)),
				fiveEntries-r13					BIT STRING (SIZE(15))
		}																OPTIONAL
	}																	OPTIONAL,
	supportedNAICS-2CRS-AP-r13		BIT STRING (SIZE (1..maxNAICS-Entries-r12))		OPTIONAL,
	commSupportedBandsPerBC-r13		BIT STRING (SIZE (1.. maxBands))		OPTIONAL
}
BandParameters-r13 ::= SEQUENCE {
	bandEUTRA-r13					FreqBandIndicator-r11,
	bandParametersUL-r13				BandParametersUL-r13				OPTIONAL,
	bandParametersDL-r13				BandParametersDL-r13				OPTIONAL,
	supportedCSI-Proc-r13			ENUMERATED {n1, n3, n4}			OPTIONAL
}
BandParametersUL-r13 ::= SEQUENCE OF CA-MIMO-ParametersUL-r10

CA-MIMO-ParametersUL-r10 ::= SEQUENCE {
	ca-BandwidthClassUL-r10				CA-BandwidthClass-r10,
	supportedMIMO-CapabilityUL-r10		MIMO-CapabilityUL-r10				OPTIONAL
}
BandParametersDL-r13 ::= SEQUENCE OF CA-MIMO-ParametersDL-r13

CA-MIMO-ParametersDL-r13 ::= SEQUENCE {
	ca-BandwidthClassDL-r13					CA-BandwidthClass-r10,
	supportedMIMO-CapabilityDL-r13			MIMO-CapabilityDL-r10				OPTIONAL,
	fourLayerTM3-TM4-r13						ENUMERATED {supported}				OPTIONAL,
	intraBandContiguousCC-InfoList-r13		SEQUENCE (SIZE (1..maxServCell-r13)) OF IntraBandContiguousCC-Info-r12
}

IntraBandContiguousCC-Info-r12 ::= SEQUENCE {
	fourLayerTM3-TM4-perCC-r12			ENUMERATED {supported}				OPTIONAL,
	supportedMIMO-CapabilityDL-r12		MIMO-CapabilityDL-r10				OPTIONAL,
	supportedCSI-Proc-r12				ENUMERATED {n1, n3, n4}				OPTIONAL
}
CA-BandwidthClass-r10 ::= ENUMERATED {a, b, c, d, e, f, ...}

MIMO-CapabilityUL-r10 ::= ENUMERATED {twoLayers, fourLayers}

MIMO-CapabilityDL-r10 ::= ENUMERATED {twoLayers, fourLayers, eightLayers}


Another example is the capability of measurement gap. In Rel-8 measurement gap design, for each band combination, the need of measurement gap is reported for each inter-frequency and inter-RAT measurement objects. Considering the measurement capability is also related with both RF and baseband, it could be another example of per-BoBC signaling involving baseband. 
BandInfoEUTRA ::=					SEQUENCE {
	interFreqBandList					InterFreqBandList,
	interRAT-BandList					InterRAT-BandList		OPTIONAL
}

InterFreqBandList ::=				SEQUENCE (SIZE (1..maxBands)) OF InterFreqBandInfo

InterFreqBandInfo ::=				SEQUENCE {
	interFreqNeedForGaps				BOOLEAN
}

InterRAT-BandList ::=				SEQUENCE (SIZE (1..maxBands)) OF InterRAT-BandInfo

InterRAT-BandInfo ::=				SEQUENCE {
	interRAT-NeedForGaps				BOOLEAN
}

Considering the increased number of band combination (in current Rel-15 NR WID, significant number of frequency ranges and band combinations has already been proposed and an even large number is expected in the future), the per-BoBC signaling overhead is not trivial to be overlooked.  
From our understanding, it is in RAN4 scope and responsibility that to clarify whether RF and baseband capabilities can be claimed separately. At least, RAN4 should try to identify the independent capabilities as much as possible. 
Proposal 1: From RAN4 perspective, to investigate and confirm that RF and baseband processing related abilities can be separated, which would facilitate a simplified capability design. 

On the other hand, some UE capabilities may depend on the LTE/NR band combinations (such as MIMO layers), which has been confirmed in the reply-LS [4] and also the reason why the above per-BoBC signaling is introduced (which guarantee the maximum implementation flexibility). 
Obviously, for the separated reported baseband capability, we think it would be good to consider the alternative reporting method, i.e., to claim the total processing capability (e.g., totally X processing resource unit for MIMO capability) for an individual functionality while the rule to distribute this capability among different CCs (e.g, for a CC with certain bandwidth and certain SCS, how many processing resource unit is needed for MIMO capability). 
Observation 1: With separated RF and baseband processing related capability reporting, the baseband capability reporting method should still guarantee enough implementation flexibility. 


2.2 RF Capability Separation btw. Sub-6GHz and mmWave
In current NR discussion [3], for NSA 5G UE type, shared antenna RF architectures are considered LTE + sub-6GHz 5R UE RF architecture, while independent RF architecture for mmWave. 
[bookmark: OLE_LINK23][bookmark: OLE_LINK28]Based on this, it is reasonable to assume that RF capability for sub-6GHz and mmWave could be claimed separately. For instance, the band combination supported can be separated into sub-6GHz BC support and mmWave BC support. 
[bookmark: _GoBack]
2.3 Capability Sharing btw. NR and LTE
For sub-6GHz, at least shared antenna RF architecture will be considered as one option, while for the baseband capability, the capability sharing should also not be excluded. In RAN4’s reply LS to RAN2, although the dependence has been confirmed, limited conclusion has been made for the possibility of capability sharing between NR and LTE. 

3 Conclusion
In this paper, we provide our observations and proposals on NR UE capability related issues from RAN4 perspective: 
Proposal 1: From RAN4 perspective, to investigate and confirm that RF and baseband processing related abilities can be separated, which would facilitate a simplified capability design. 
Observation 1: With separated RF and baseband processing related capability reporting, the baseband capability reporting method should still guarantee enough implementation flexibility. 
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