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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
Single or Dual UL transmission has been extensively discussed in RAN1, RAN2, RAN4 and RAN plenary. In RAN1 NR #2Adhoc and #90 meeting, it was agreed that TDM based solution specific TDM patterns, and an LS was sent to RAN2 in [1]. 
[bookmark: OLE_LINK8]In RAN Plenary #77 meeting, it was agreed that “Define in RAN4 specs for which band combinations and channel allocations (to the extent specified in RAN4) within that band combination the UE is allowed to indicated that it does not support 2 simulataneous UL tx.”. RAN plenary sent an LS to RAN2 in [2]. And RAN Plenary agreed that signaling to be defined to support the “red text” from RAN4 part of the single tx discussion (i.e. as in RP-172064). in RAN2 [3]. 
In this paper, we will discuss the capability signaling to support single UL transmission for EN-DC.
2. Discussion
2.1. [bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK30][bookmark: OLE_LINK31]Capability Signalling
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]During RANP #77 meeting, it was discussed that Signalling to be defined to support the 'red text' from RAN4 part of the single tx discussion (i.e. as in RP-172064). It was agreed that in easy band/channel combinations (including at least channel assignment), 2 simultaneous UL transmission is mandatory supported UE feature. While in difficult band/channel combinations (including at least channel assignment), 2 simultaneous UL transmission is optional supported UE feature [4]. 
[bookmark: OLE_LINK32]If RAN4 identify a list of difficult band combination, RAN2 needs capability signalling for single/dual simultaneous UL transmission is supported. In current specification, band combination included in UE capability is reported to the network. With this RF parameters in capability signalling, an indication (e.g. 1bit) per-band combination can be reported to the network to indicate whether it supports 2 simultaneous UL transmission. 
Based on the above agreement, if RAN4 identify a list of difficult channel combination, similarly, an indication (e.g. 1bit) per-channel combination can be reported to the network to indicate whether it supports 2 simultaneous UL transmission. During the last RAN4 Adhoc meeting, it is not clear that what the granularity for channel assignment is. If per-channel combination capability signaling is introduced based on RAN4 output, per-band combination capability signaling is not needed. 
Thus, in RAN2, we can make the working assumption for per-band combination or per-channel combination capability signaling. After RAN4 identify the final list of difficult band/channel combination, RAN2 to revisit this working assumption. 

Proposal 1: RAN2 to make the following working assumption:
a. If RAN4 identify a list of difficult band combination, UE reports an indication (e.g. 1bit) per-band combination included in capability signaling to indicate whether it supports 2 simultaneous UL transmission.
b. If RAN4 identify a list of difficult channel combination, UE reports an indication (e.g. 1bit) per-channel combination included in capability signaling to indicate whether it supports 2 simultaneous UL transmission.
Which granularity should be final decided in RAN4.
Proposal 2: Send an LS to RAN4 to inform the above working assumption, and ask RAN4 to provide a list of difficult band/channel combination.
2.2. Text proposal for capability signaling
Based on the above proposal, it is anticipated that in RAN4 specification, there will be a list for difficult band/channel combination. After that, RAN2 can design capability signaling based on the entry of RAN4’s table for difficult band/channel combination.
The corresponding Text Proposal is attached in Annex.
Proposal 3: RAN2 to consider the above TP for capability signaling for single UL transmission. 

3. Conclusion
In this contribution, we discuss the capability signaling to indicate whether the UE supports single/dual simultaneous UL transmission in NR. Based on the discussion, we have the following proposals:
Proposal 1: RAN2 to make the following working assumption:
a. If RAN4 identify a list of difficult band combination, UE reports an indication (e.g. 1bit) per-band combination included in capability signaling to indicate whether it supports 2 simultaneous UL transmission.
b. If RAN4 identify a list of difficult channel combination, UE reports an indication (e.g. 1bit) per-channel combination included in capability signaling to indicate whether it supports 2 simultaneous UL transmission.
Which granularity should be final decided in RAN4.
Proposal 2: Send an LS to RAN4 to inform the above working assumption, and ask RAN4 to provide a list of difficult band/channel combination.
Proposal 3: RAN2 to consider the above TP for capability signaling for single UL transmission. 
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5. Annex - Text proposal for capability signaling

–	UE-EUTRA-Capability
The IE UE-EUTRA-Capability is used to convey the E-UTRA UE Radio Access Capability Parameters, see TS 36.306 [5], and the Feature Group Indicators for mandatory features (defined in Annexes B.1 and C.1) to the network. The IE UE-EUTRA-Capability is transferred in E-UTRA or in another RAT.
NOTE 0:	For (UE capability specific) guidelines on the use of keyword OPTIONAL, see Annex A.3.5.
UE-EUTRA-Capability information element
-- ASN1START

[bookmark: OLE_LINK112][bookmark: OLE_LINK113]UE-EUTRA-Capability ::=			SEQUENCE {
	accessStratumRelease				AccessStratumRelease,
	ue-Category							INTEGER (1..5),
	pdcp-Parameters						PDCP-Parameters,
	phyLayerParameters					PhyLayerParameters,
	rf-Parameters						RF-Parameters,
	measParameters						MeasParameters,
	featureGroupIndicators				BIT STRING (SIZE (32))				OPTIONAL,
	interRAT-Parameters				SEQUENCE {
		utraFDD								IRAT-ParametersUTRA-FDD				OPTIONAL,
		utraTDD128							IRAT-ParametersUTRA-TDD128				OPTIONAL,
		utraTDD384							IRAT-ParametersUTRA-TDD384				OPTIONAL,
		utraTDD768							IRAT-ParametersUTRA-TDD768				OPTIONAL,
		geran								IRAT-ParametersGERAN					OPTIONAL,
		cdma2000-HRPD						IRAT-ParametersCDMA2000-HRPD			OPTIONAL,
		cdma2000-1xRTT						IRAT-ParametersCDMA2000-1XRTT			OPTIONAL
	},
	nonCriticalExtension				UE-EUTRA-Capability-v920-IEs		OPTIONAL
}

-- Late non critical extensions
。。。。。。。。
。。。。。。。。
UE-EUTRA-Capability-v14xy-IEs ::= SEQUENCE {
	phyLayerParameters-v14xy			PhyLayerParameters-v14xy,
	ue-CategoryDL-v14xy					ENUMERATED {m2}							OPTIONAL,
	ue-CategoryUL-v14xya					ENUMERATED {m2}							OPTIONAL,
	ue-CategoryUL-v14xyb				INTEGER (16..20)		 		 		OPTIONAL,
	mac-Parameters-v14xy				MAC-Parameters-v14xy					OPTIONAL,
	measParameters-v14xy				MeasParameters-v14xy					OPTIONAL,
	rlc-Parameters-v14xy				RLC-Parameters-v14xy,
	rf-Parameters-v14xy					RF-Parameters-v14xy						OPTIONAL,
	laa-Parameters-v14xy				LAA-Parameters-v14xy					OPTIONAL,
	lwa-Parameters-v14xy				LWA-Parameters-v14xy					OPTIONAL,
	lwip-Parameters-v14xy				LWIP-Parameters-v14xy					OPTIONAL,
	otherParameters-v14xy				Other-Parameters-v14xy,
	mmtel-Parameters-r14				MMTEL-Parameters-r14					OPTIONAL,
	mobilityParameters-r14				MobilityParameters-r14					OPTIONAL,
	nonCriticalExtension				UE-EUTRA-Capability-v15xy-IEs			OPTIONALSEQUENCE {}								OPTIONAL
}
UE-EUTRA-Capability-v15xy-IEs ::= SEQUENCE {
	rf-Parameters-v15xy					RF-Parameters-v15xy						OPTIONAL,
	nonCriticalExtension				SEQUENCE {}								OPTIONAL
}
。。。。。。。。
。。。。。。。。

RF-Parameters-v14xy ::=				SEQUENCE {
	supportedBandCombination-v14xy			SupportedBandCombination-v14xy			OPTIONAL,
	supportedBandCombinationAdd-v14xy		SupportedBandCombinationAdd-v14xy		OPTIONAL,
	supportedBandCombinationReduced-v14xy	SupportedBandCombinationReduced-v14xy	OPTIONAL,
	eNB-RequestedParameters-v14xy			SEQUENCE {
		requestedDiffFallbackCombList-r14		BandCombinationList-r14
	}																				OPTIONAL,
	diffFallbackCombReport-r14				ENUMERATED {supported}					OPTIONAL
}
RF-Parameters-v15xy ::=				SEQUENCE {
	supportedBandList2Tx-r15					SEQUENCE (SIZE (1..maxDifficultBandComb)) OF Supporting2Tx-r15		OPTIONAL
}
Supporting2Tx-r15 :::= 				SEQUENCE {
	supporting2Tx-r15						ENUMERATED {notSupported}				OPTIONAL
}

。。。。。。。。
。。。。。。。。


-- ASN1STOP


	1. UE-EUTRA-Capability field descriptions
	2. FDD/ TDD diff

	accessStratumRelease
Set to rel13 in this version of the specification.
	-

	additionalRx-Tx-PerformanceReq
Indicates whether the UE supports the additional Rx and Tx performance requirement for a given band combination as specified in TS 36.101 [42].
	-

	alternativeTBS-Indices
Indicates whether the UE supports alternative TBS indices for ITBS 26 and 33 as specified in TS 36.213 [23].
	-

	alternativeTimeToTrigger
Indicates whether the UE supports alternativeTimeToTrigger.
	No

	aperiodicCSI-Reporting
Indicates whether the UE supports aperiodic CSI reporting with 3 bits of the CSI request field size as specified in TS 36.213 [23, 7.2.1] and/or aperiodic CSI reporting mode 1-0 and mode 1-1 as specified in TS 36.213 [23, 7.2.1]. The first bit is set to "1" if the UE supports the aperiodic CSI reporting with 3 bits of the CSI request field size. The second bit is set to “1” if the UE supports the aperiodic CSI reporting mode 1-0 and mode 1-1.
	No

	。。。。。。。。。。。。。。。。。。。。。。。。。。。。。。。。。
	

	supportedBandwidthCombinationSet
The supportedBandwidthCombinationSet indicated for a band combination is applicable to all bandwidth classes indicated by the UE in this band combination.
Field encoded as a bit map, where bit N is set to "1" if UE support Bandwidth Combination Set N for this band combination, see 36.101 [42]. The leading / leftmost bit (bit 0) corresponds to the Bandwidth Combination Set 0, the next bit corresponds to the Bandwidth Combination Set 1 and so on. The UE shall neither include the field for a non-CA band combination, nor for a CA band combination for which the UE only supports Bandwidth Combination Set 0.
	-

	supportedCellGrouping
This field indicates for which mapping of serving cells to cell groups (i.e. MCG or SCG) the UE supports asynchronous DC. This field is only present for a band combination with more than two but less than six band entries where the UE supports asynchronous DC. If this field is not present but asynchronous operation is supported, the UE supports all possible mappings of serving cells to cell groups for the band combination. The bitmap size is selected based on the number of entries in the combinations, i.e., in case of three entries, the bitmap corresponding to threeEntries is selected and so on.
A bit in the bit string set to 1 indicates that the UE supports asynchronous DC for the cell grouping option represented by the concerned bit position. Each bit position represents a different cell grouping option, as illustrated by a table, see NOTE 5. A cell grouping option is represented by a number of bits, each representing a particular band entry in the band combination with the left-most bit referring to the band listed first in the band combination, etc. Value 0 indicates that the carriers of the corresponding band entry are mapped to a first cell group, while value 1 indicates that the carriers of the corresponding band entry are mapped to a second cell group.
 It is noted that the mapping table does not include entries with all bits set to the same value (0 or 1) as this does not represent a DC scenario (i.e. indicating that the UE supports that all carriers of the corresponding band entry are in one cell group).
	-

	supportedCSI-Proc
Indicates the maximum number of CSI processes supported on a component carrier within a band. Value n1 corresponds to 1 CSI process, value n3 corresponds to 3 CSI processes, and value n4 corresponds to 4 CSI processes. If this field is included, the UE shall include the same number of entries listed in the same order as in BandParameters. If the UE supports at least 1 CSI process on any component carrier, then the UE shall include this field in all bands in all band combinations.
	-

	supportedNAICS-2CRS-AP
If included, the UE supports NAICS for the band combination. The UE shall include a bitmap of the same length, and in the same order, as in naics-Capability-List, to indicate 2 CRS AP NAICS capability of the band combination. The first/ leftmost bit points to the first entry of naics-Capability-List, the second bit points to the second entry of naics-Capability-List, and so on.
For band combinations with a single component carrier, UE is only allowed to indicate {numberOfNAICS-CapableCC, numberOfAggregatedPRB} = {1, 100} if NAICS is supported.
	-

	supporting2Tx
Indicates whether the UE supports dual simultaneous UL transmission in the difficult band defined in 36.101 [42].
	

	supportRohcContextContinue
Indicates whether the UE supports ROHC context continuation operation where the UE does not reset the current ROHC context upon handover.
	-

	switchingBandA, switchingBandB
Indicates the two bands in the band pair for SRS transmission on a PUSCH-less SCell, as specified in 36.212 [22] and 36.213 [23]. switchingBandA can be equal to switchingBandB.
	-



