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1. Introduction
In the last meeting, some CRs were agreed on intra-band combination capability issues, e.g. singleUL-Transmission [1][2], SupportedBandwidthCombinationSetEN-DC [3][4][5]. Meanwhile, in the last plenary meeting, there was also some discussion on intraBandENDC-Support [6]. In this paper, we try to further clarify some other intra-band and inter-band (NG)EN-DC related capabilities, including:
dualPA-Architecture/ul-TimingAlignmentEUTRA-NR/pa-PhaseDiscontinuityImpacts/asyncIntraBandENDC/ simultaneousRxTxInterBandENDC.
2. Discussion
2.1 (NG)EN-DC/NE-DC band combination types definition
Before the discussion, first we need give a clear clarification on the current (NG)EN-DC/NE-DC band combination types definition. Though companies have achieved some consensus on the terminologies of the different kinds of  (NG)EN-DC/NE-DC band combination types in the [Post113-e][009][NR15] EN-DC BCS (Nokia)[5], it’s not clearly described in the chairman notes or in the spec, which would cause confusion for the readers who didn’t attend this post meeting discussion. To solve this confusion, it’s better to give a clarification on the (NG)EN-DC/NE-DC band combination types definition in 38306 or in the chairman note at least. 
According to the discussion in the [5], the (NG)EN-DC/NE-DC band combinations that have the same band component at NR and Eutra side were all defined as intra-band (NG)EN-DC/NE-DC combination (with or without additional inter-band NR and LTE CA component), otherwise, it would be defined as inter-band (NG)EN-DC/NE-DC combination. In detail, for the intra-band (NG)EN-DC/NE-DC combination (with or without additional inter-band NR/ LTE CA component), besides the case that Pcell and PScell works on the same band, it also includes the case that SPcell works on the same band with a scell of another CG and the case that there are scells from the different CGs working on the same band.
Proposal 1: Ran2 confirm that the intra-band (NG)EN-DC/NE-DC combination (with or without additional inter-band NR/LTE CA component) in 38306 means the (NG)EN-DC/NE-DC band combinations that have the same band component at NR and Eutra side (irrespective of SPcell or Scell), for other cases, it would be defined as inter-band (NG)EN-DC/NE-DC combination.
According to the terminologies in the SupportedBandwidthCombinationSet/ supportedBandwidthCombinationSetIntraENDC, the intra-band (NG)EN-DC/NE-DC combination further includes 3 types:
· Type 1: Intra-band (NG)EN-DC/NE-DC combination without additional inter-band NR and LTE CA component, e.g. DC 41A_n41A 
· Type 2: Intra-band (NG)EN-DC/NE-DC combination supporting both UL and DL intra-band (NG)EN-DC/NE-DC parts with additional inter-band NR/LTE CA component, e.g. DC_25A_41A_n41A
· Type 3: Intra-band (NG)EN-DC/NE-DC combination supporting only UL intra-band (NG)EN-DC/NE-DC parts with additional inter-band NR/LTE CA component, e.g. DC_25A_41A_n41A
Meanwhile, another BC type that also has the intra-band EN-DC requirement is “Inter-band EN-DC configurations where the frequency range of the E-UTRA band is a subset of the frequency range of the NR band, e.g., DC_B42_n77 and DC_B42_n78. [7][8][9]”
Observation 1: The (NG)EN-DC/NE-DC band combination can be divided in to 5 types:
· Type 1: Intra-band (NG)EN-DC/NE-DC combination without additional inter-band NR and LTE CA component, e.g. DC 41A_n41A 
· Type 2: Intra-band (NG)EN-DC/NE-DC combination supporting both UL and DL intra-band (NG)EN-DC/NE-DC parts with additional inter-band NR/LTE CA component, e.g. DC_25A_41A_n41A
· Type 3: Intra-band (NG)EN-DC/NE-DC combination supporting only UL intra-band (NG)EN-DC/NE-DC parts with additional inter-band NR/LTE CA component, e.g. DC_25A_41A_n41A
· Type 4: Inter-band (NG)EN-DC/NE-DC combination without Intra-band component, in short we call it as Inter-band (NG)EN-DC/NE-DC combination.
· Type 5: Inter-band (NG)EN-DC combination configurations where the frequency range of the E-UTRA band is a subset of the frequency range of the NR band, e.g., DC_B42_n77 and DC_B42_n78. [7][8][9].
Based on this observation, we will further clarify the following parameters one by one in the below chapters.
dualPA-Architecture/ul-TimingAlignmentEUTRA-NR/pa-PhaseDiscontinuityImpacts/asyncIntraBandENDC/ simultaneousRxTxInterBandENDC.
Note: For the intraBandENDC-Support, RAN4 further input was needed, thus in this paper, we didn’t touch this element.
In the below sub-chapters, we first analyze which BC types shall these capabilities be used for, then discuss whether some clarification/modifications are needed.
2.2 BC types for each UE capability
2.2.1 ul-TimingAlignmentEUTRA-NR/dualPA-Architecture/pa-PhaseDiscontinuityImpact
The definition of the ul-TimingAlignmentEUTRA-NR/dualPA-Architecture/pa-PhaseDiscontinuityImpact is as below:
	ul-TimingAlignmentEUTRA-NR
Indicates whether to apply the same UL timing between NR and LTE for dynamic power sharing capable UE operating in a synchronous intra-band contiguous (NG)EN-DC. If this field is absent, UE shall be capable of handling a timing difference up to applicable MTTD requirements when operating in a synchronous intra-band contiguous (NG)EN-DC network, as specified in TS 38.133 [5]. If this capability is included in an inter-band (NG)EN-DC BC with an intra-band (NG)EN-DC BC part, this capability is used to indicate the restriction to the intra-band (NG)EN-DC BC part.
	BC
	No
	N/A
	N/A

	dualPA-Architecture
For an intra-band band combination, this field indicates the support of dual PAs. If absent in an intra-band band combination, the UE supports single PA for all the ULs in the intra-band band combination. For other band combinations, this field is not applicable.
	BC
	No
	N/A
	N/A

	pa-PhaseDiscontinuityImpacts
Indicates incapability motivated by impacts of PA phase discontinuity with overlapping transmissions with non-aligned starting or ending times or hop boundaries across carriers for intra-band (NG)EN-DC/NE-DC, intra-band CA and FDM based ULSUP.
	FS
	No
	N/A
	N/A


These 3 capabilities are for the intra-band UL, obviously, it would not be adopted for the type 3/4.
Proposal 2: The ul-TimingAlignmentEUTRA-NR/ ul-dualPA-Architecture/ pa-PhaseDiscontinuityImpacts is for the Type 1/2 BC, and not for the Type 3/4 BC.
For the type 5, according to the RAN4 LS [3], RAN4 has agreed that intra-band EN-DC requirements shall apply for inter-band EN-DC configurations where the frequency range of the E-UTRA band is a subset of the frequency range of the NR band, e.g., DC_B42_n77 and DC_B42_n78. Thus we think this parameter shall also be indicated for the Type 5 BC. Anyway, the confirmation from RAN4 is also needed before any conclusion.
Proposal 3: Confirm with Ran 4 whether the ul-TimingAlignmentEUTRA-NR ul-dualPA-Architecture/ pa-PhaseDiscontinuityImpacts shall be adopted for the Type 5 BC.
2.2.2 asyncIntraBandENDC
The definition of the asyncIntraBandENDC is as below:
	asyncIntraBandENDC
Indicates whether the UE supports asynchronous FDD-FDD intra-band (NG)EN-DC with MRTD and MTTD as specified in clause 7.5 and 7.6 of TS 38.133 [5]. If asynchronous FDD-FDD intra-band (NG)EN-DC is not supported, the UE supports only synchronous FDD-FDD intra-band (NG)EN-DC.
	BC
	No
	FDD only
	FR1 only


This capability is for asynchronous FDD-FDD intra-band (NG)EN-DC with MRTD and MTTD, thus it shall be only adopted for 1/2.
Proposal 4: The asyncIntraBandENDC is for Type 1/2 BC.
2.2.3 Inter-band EN-DC parameters
The definition of simultaneousRxTxInterBandENDC is as below:
	simultaneousRxTxInterBandENDC
Indicates whether the UE supports simultaneous transmission and reception in TDD-TDD and TDD-FDD inter-band (NG)EN-DC/NE-DC. It is mandatory for certain TDD-FDD and TDD-TDD band combinations defined in TS 38.101-3 [4].
	BC
	CY
	N/A
	N/A


Note: There is a reply LS [10] from RAN4 and an LS out [11] on this capability, but it focus on the NR-DC, to avoid confusion, we only focus on (NG)EN-DC/NE-DC in this paper.
This parameter was introduced for the case that the TDD band receiver can’t suppress the interface from the transmitter. Obviously, this parameter is not for the Type 1 BC, and it shall be adopted by the Type 4 BC. For the type 2 and type 3 BC, the transmission on one band may also introduce unacceptable interference to the receiving band, thus this parameter shall also be adopted for the type 2/3 BC.
For the type 5 BC e.g. DC_B42_n77 and DC_B42_n78, considering that the same TDD DL_UL_pattern would be adopted for the two bands, thus this capability is not needed for the type 5 BC. Anyway an LS can be sent to RAN4 for the further confirmation.
Proposal 5: The simultaneousRxTxInterBandENDC is for Type 2/3/4 and send a LS to RAN4 to confirm whether it is needed also for the type 5 BC.
2.5 BC types summary 
Based on the above discussion, the BC types for each UE capabilities can be summarized as below:
	UE capability
	corresponding BC types 
	Current Terminology in the field description

	ul-TimingAlignmentEUTRA-NR
	BC type 1/2
	intra-band contiguous (NG)EN-DC

	ul-TimingAlignmentEUTRA-NR
	BC type 2
	an inter-band (NG)EN-DC BC with an intra-band (NG)EN-DC BC part

	dualPA-Architecture
	BC type 1/2
	intra-band band combination

	pa-PhaseDiscontinuityImpacts
	BC type 1/2
	intra-band (NG)EN-DC/NE-DC

	asyncIntraBandENDC
	BC type 1/2
	intra-band (NG)EN-DC

	simultaneousRxTxInterBandENDC
	BC type 2/3/4
	inter-band (NG)EN-DC/NE-DC


From this table, we can see that for the “dualPA-Architecture/ ul-TimingAlignmentEUTRA-NR/ pa-PhaseDiscontinuityImpacts/ asyncIntraBandENDC” the intra-band (NG)EN-DC (/NE-DC) doesn’t include the Type 3 BC, e.g. Intra-band (NG)EN-DC/NE-DC combination supporting only UL intra-band (NG)EN-DC/NE-DC parts with additional inter-band NR/LTE CA component. Meanwhile, for the type 2 BC, in the filed description of “SupportedBandwidthCombinationSet/ supportedBandwidthCombinationSetIntraENDC”, it was called “Intra-band (NG)EN-DC/NE-DC combination supporting both UL and DL intra-band (NG)EN-DC/NE-DC parts with additional inter-band NR/LTE CA component”, but in the “ul-TimingAlignmentEUTRA-NR”, it was called “an inter-band (NG)EN-DC BC with an intra-band (NG)EN-DC BC part”. Similarly, for the “simultaneousRxTxInterBandENDC”, besides the “inter-band (NG)EN-DC/NE-DC”, it can also be reported for the Type 2/3 BC. 
Observation 2: The current terminologies of the (NG)EN-DC/NE-DC BC type in each UE capability are inconsistent with that in the SupportedBandwidthCombinationSet/ supportedBandwidthCombinationSetIntraENDC
To solve these problems and make the terminological consistent among these capabilities, some modification are needed as in draft CR [12][13].
Proposal 6: Agree the CR in [12][13].
For the type 5 BC, which kinds of Intra-band and Inter-band (NG)EN-DC capabilities shall be adopted, a LS can be sent to RAN4 first.
Proposal 7: Agree the LS to RAN1/4 in [14].
3. Conclusion and proposals
With the above analysis, we have the following proposals:
Proposal 1: Ran2 confirm that the intra-band (NG)EN-DC/NE-DC combination (with or without additional inter-band NR/LTE CA component) in 38306 means the (NG)EN-DC/NE-DC band combinations that have the same band component at NR and Eutra side (irrespective of SPcell or Scell), for other cases, it would be defined as inter-band (NG)EN-DC/NE-DC combination.
Observation 1: The (NG)EN-DC/NE-DC band combination can be divided in to 5 types:
· Type 1: Intra-band (NG)EN-DC/NE-DC combination without additional inter-band NR and LTE CA component, e.g. DC 41A_n41A 
· Type 2: Intra-band (NG)EN-DC/NE-DC combination supporting both UL and DL intra-band (NG)EN-DC/NE-DC parts with additional inter-band NR/LTE CA component, e.g. DC_25A_41A_n41A
· [bookmark: _GoBack]Type 3: Intra-band (NG)EN-DC/NE-DC combination supporting only UL intra-band (NG)EN-DC/NE-DC parts with additional inter-band NR/LTE CA component, e.g. DC_25A_41A_n41A
· Type 4: Inter-band (NG)EN-DC/NE-DC combination without Intra-band component, in short we call it as Inter-band (NG)EN-DC/NE-DC combination.
· Type 5: Inter-band (NG)EN-DC combination configurations where the frequency range of the E-UTRA band is a subset of the frequency range of the NR band, e.g., DC_B42_n77 and DC_B42_n78. [7][8][9].
Proposal 2: The ul-TimingAlignmentEUTRA-NR/ ul-dualPA-Architecture/ pa-PhaseDiscontinuityImpacts is for the Type 1/2 BC, and not for the Type 3/4 BC.
Proposal 3: Confirm with Ran 4 whether the ul-TimingAlignmentEUTRA-NR ul-dualPA-Architecture/ pa-PhaseDiscontinuityImpacts shall be adopted for the Type 5 BC.
Proposal 4: The asyncIntraBandENDC is for Type 1/2 BC.
Proposal 5: The simultaneousRxTxInterBandENDC is for Type 2/3/4 and send a LS to RAN4 to confirm whether it is needed also for the type 5 BC.
Observation 2: The current terminologies of the (NG)EN-DC/NE-DC BC type in each UE capability are inconsistent with that in the SupportedBandwidthCombinationSet/ supportedBandwidthCombinationSetIntraENDC
Proposal 6: Agree the CR in [12][13].
Proposal 7: Agree the LS to RAN1/4 in [14].
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About the (NG)EN-DC/NE-DC band combination, in the current 38306 spec, the following terminologies were used in the field descriptions:
	Terminology
	Related UE capability

	inter-band (NG)EN-DC/NE-DC without intra-band (NG)EN-DC/NE-DC component
	supportedBandwidthCombinationSet


	intra-band (NG)EN-DC/NE-DC without additional inter-band NR and LTE CA component
	

	 intra-band (NG)EN-DC/NE-DC band combination
	

	 intra-band (NG)EN-DC/NE-DC with additional inter-band NR CA component
	

	 intra-band (NG)EN-DC/NE-DC combination supporting both UL and DL intra-band (NG)EN-DC/NE-DC parts with additional inter-band NR/LTE CA component
	

	intra-band (NG)EN-DC/NE-DC combination without supporting UL in both the bands of the intra-band (NG)EN-DC/NE-DC UL part.
	

	intra-band (NG)EN-DC
	

	inter-band (NG)EN-DC/NE-DC combination
	

	 inter-band (NG)EN-DC BC with an intra-band (NG)EN-DC BC part
	

	
	








