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1	Introduction
In last Oct. RAN4 meeting, there was WF approved for synchronous and asynchronous definitions for LTE-NR DC in Rel-15, with the following agreement for inter-band and intra-band EN-DC respectively [1]:  
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Furthermore, discussion on UE feature list made conclusion on the capability for Simultaneous reception and transmission for inter-band CA or EN-DC (TDD-TDD or TDD-FDD), and also Asynchronous FDD-FDD intra-band LTE-NR DC [2], and accordingly RAN4 has defined the RRC signaling.

However, in last RAN4 meeting (RAN4 AH1807), some companies propose to change to original agreement and ask RAN4 to design capability signaling to discriminate UE support of “synchronous EN-DC only” or “asynchronous EN-DC (i.e., support both synchronous and asynchronous EN-DC)” for inter-band TDD-FDD and inter-band TDD-TDD EN-DC combinations. With the above discussion history, we see the strong necessity of reconfirm the previous agreement and clarify the common understanding among companies in RAN4. 

2 Scenarios of EN-DC and UE Capability
With the above agreement taken into account, our understanding for EN-DC scenarios and corresponding capability can be summarized as below. Although it is a bit strange to mention both Sync and Async operations are mandatory supported by all UEs, since sync operation is naturally supported as long as UE can support async operation, here we would like to emphasize the previous agreement that “for inter-band EN-DC, all UEs support asynchronous DC between LTE and NR for inter-band LTE-NR in Rel-15”, in other words, there is no such group of UE which only support sync operation for TDD-TDD and TDD-FDD EN-DC. 
Proposal 1: RAN4 reconfirm the previous agreement for valid EN-DC deployment scenarios and corresponding UE support/capability, summarized in below Table:
Table 1. Clarification on EN-DC deployment scenarios and UE support/capability in Rel-15
	
	FDD E-UTRA-FDD NR
	TDD E-UTRA-TDD NR
	TDD E-UTRA-FDD NR 
and FDD E-UTRA-TDD NR

	Intra-
band
	Sync. (Mandatory supported by all UEs), 
Async. (Optional supported by some UEs, 
depends on UE capability IE asyncIntraBandENDC)

Note-1: only support collocation for Rel-15
	Sync. (UE only support Sync operation for Rel-15)

Note-1: only support collocation for Rel-15
	N.A.

	Inter-
band
	Sync. (Mandatory support by all UEs),
Async. (Mandatory support by all UEs)
	Sync. (Mandatory support by all UEs),
Async. (Mandatory support by all UEs)

(Additionally, Simultaneous TX and RX depends on UE capability RRC IE simultaneousRxTxInterBandENDC)
	Sync. (Mandatory support by all UEs),
Async. (Mandatory support by all UEs)

(Additionally, Simultaneous TX and RX depends on UE capability RRC IE simultaneousRxTxInterBandENDC)



With the above understanding into account, RAN4 has reached the agreement for UE feature list [5] and ask RAN2 to consider using this feature list for UE capability definition, for which we captured as below: 
Table 2. Related Features from RAN4 Approved UE Feature List [5]
	#
	Feature group
	Components
	Prerequisite feature groups
	Need for gNB to know whether the
feature is supported by the UE
	Consequences if the feature
 is not supported by the UE
	Type (See R4-1712119)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	RAN5 implication
	Remarks
	Responsible WG
	Recommendation for TSG-RAN
	TSG-RAN decision

	2-4
	Simultaneous reception and transmission for inter-band EN-DC (TDD-TDD or TDD-FDD)
	1) Simultaneous reception and transmission for inter-band EN-DC (TDD-TDD or TDD-FDD)
	
	Yes
	UE does not support simultaneous reception and transmission for inter-band EN-DC (TDD-TDD or TDD-FDD)
	Type 3 (Per band combination)
	No Need
	No Need
	
	Further discuss in RAN4 86bis whether to mandate this feature
Whether to mandating this feature in certain band combinations will be FFS.
	RAN4
	TBD
	

	2-6
	Asynchronous FDD-FDD intra-band EN-DC DC
	Asynchronous FDD-FDD intra-band EN-DC
	
	Yes
	UE does not support asynchronous FDD-FDD intra-band EN-DC
	Type 3 (Per band combination)
	Applicable only to FDD
	Applicable only to FR1
	
	
	RAN4
	Optional
	


And accordingly RAN4 define the capability signaling, for which we captured as below from TS38.331 v15.2.1:
	MRDC-Parameters information element
-- ASN1START
-- TAG-MRDC-PARAMETERS-START

MRDC-Parameters ::=	SEQUENCE {
	singleUL-Transmission				ENUMERATED {supported}		OPTIONAL,
	dynamicPowerSharing					ENUMERATED {supported}		OPTIONAL,
	tdm-Pattern							ENUMERATED {supported}		OPTIONAL,
	ul-SharingEUTRA-NR					ENUMERATED {tdm, fdm, both}		OPTIONAL,
	ul-SwitchingTimeEUTRA-NR			ENUMERATED {type1, type2}	OPTIONAL,
	simultaneousRxTxInterBandENDC		ENUMERATED {supported}		OPTIONAL,
	asyncIntraBandENDC					ENUMERATED {supported}		OPTIONAL,
	...
}

-- TAG-MRDC-PARAMETERS-STOP
-- ASN1STOP



Observation 1: RAN2 and RAN4 have clear agreement that “for inter-band EN-DC, all UEs support asynchronous DC between LTE and NR for inter-band LTE-NR in Rel-15”, and no UE capability signaling is needed for this. 
From Montreal meeting’s offline discussion, we found some company mixed the UE feature “simultaneous reception and transmission for inter-band EN-DC (TDD-TDD or TDD-FDD)” with the UE’s mandatory support of async operation of inter-band EN-DC. Specifically, some company may claim that for some band combinations in which certain UEs are allowed to not support “simultaneous reception and transmission” (by not explicitly indicating simultaneousRxTxInterBandENDC=support), it is hard to deploy asynchronous EN-DC network to let these UEs to access. Even though this is true for some band combinations; however, we don’t believe it is the reason to allow UE only support of “synchronous inter-band EN-DC” and revert the previous agreement. Here, we would like to explain as below in details: 
· UE’s capability of “simultaneous reception and transmission for inter-band EN-DC (TDD-TDD or TDD-FDD)” is a separate issue to be considered in UE RF room, which depends on RF architecture for each band combination, while RAN4 made the agreement of “for inter-band EN-DC, all UEs support asynchronous DC between LTE and NR for inter-band LTE-NR in Rel-15” from network deployment aspects.
· UE’s mandatory support of “simultaneous reception and transmission for inter-band EN-DC (TDD-TDD or TDD-FDD)” in some band combinations is discussed in RF room. As the consequence, for large number of band combinations, UE need to have simultaneous TXRX as mandatory feature. In other words, for these band combinations, this feature is not possible to be the limitation for UE to support “asynchronous inter-band EN-DC (i.e., support both synchronous and asynchronous inter-band EN-DC)”. 
· Even with current signaling design, all UEs are needed to support “asynchronous inter-band EN-DC (i.e., support both synchronous and asynchronous inter-band EN-DC)”, for some band combinations on which UE are allowed to not support “simultaneousRxTxInterBandENDC” due to RF design, UE can still use this signaling to indicate it can’t maintain simultaneous reception and transmission for this band combination and network should consider this capability when this UE is configured with TDD configuration and scheduled. 
Proposal 2: RAN4 reconfirm the agreement that “for inter-band EN-DC, all UEs support asynchronous DC between LTE and NR for inter-band LTE-NR in Rel-15”.
Proposal 3: No need to introduce UE capability signaling to discriminate UE support of “synchronous EN-DC only” or “asynchronous EN-DC (i.e., support both synchronous and asynchronous EN-DC)” for inter-band TDD-FDD and inter-band TDD-TDD EN-DC combinations. 

3 Conclusion
In this paper, we provided our clarification on the understanding for the scenarios for EN-DC and corresponding capability signaling, due to the necessity of reconfirm the previous agreement and clarify the common understanding among companies in RAN4, while the following observation and proposals are provided:  
Proposal 1: RAN4 reconfirm the previous agreement for valid EN-DC deployment scenarios and corresponding UE support/capability, summarized in below Table:
Table 1. Clarification on EN-DC deployment scenarios and UE support/capability in Rel-15
	
	FDD E-UTRA-FDD NR
	TDD E-UTRA-TDD NR
	TDD E-UTRA-FDD NR 
and FDD E-UTRA-TDD NR

	Intra-
band
	Sync. (Mandatory supported by all UEs), 
Async. (Optional supported by some UEs, 
depends on UE capability IE asyncIntraBandENDC)

Note-1: only support collocation for Rel-15
	Sync. (UE only support Sync operation for Rel-15)

Note-1: only support collocation for Rel-15
	N.A.

	Inter-
band
	Sync. (Mandatory support by all UEs),
Async. (Mandatory support by all UEs)
	Sync. (Mandatory support by all UEs),
Async. (Mandatory support by all UEs)

(Additionally, Simultaneous TX and RX depends on UE capability RRC IE simultaneousRxTxInterBandENDC)
	Sync. (Mandatory support by all UEs),
Async. (Mandatory support by all UEs)

(Additionally, Simultaneous TX and RX depends on UE capability RRC IE simultaneousRxTxInterBandENDC)


Observation 1: RAN2 and RAN4 have clear agreement that “for inter-band EN-DC, all UEs support asynchronous DC between LTE and NR for inter-band LTE-NR in Rel-15”, and no UE capability signaling is needed for this. 
Proposal 2: RAN4 reconfirm the agreement that “for inter-band EN-DC, all UEs support asynchronous DC between LTE and NR for inter-band LTE-NR in Rel-15”.
Proposal 3: No need to introduce UE capability signaling to discriminate UE support of “synchronous EN-DC only” or “asynchronous EN-DC (i.e., support both synchronous and asynchronous EN-DC)” for inter-band TDD-FDD and inter-band TDD-TDD EN-DC combinations. 
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Inter-band LTE-NR DC (2/2)

* For inter-band TDD-TDD (PCell-PSCell) and
inter-band TDD-FDD (PCell-PSCell or PSCell-
PCell) combinations,

— Simultaneous RXTX in DC operation can be
supported based on UE Capability.
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Intra-band LTE-NR DC (1)
* For TDD-TDD case,
— Synchronous DC operation as well as NR DL/UL resource

assignment to avoid DL/UL interference with LTE TDD is
needed for intra-band LTE-NR DC.

— Itiis proposed to only consider collocation scenario for
intra-band LTE-NR DC in Rel-15.

— UE shall support the synchronous TDD-TDD LTE-NR intra-
band DC provided that the MRTD at the UE does not
exceed values shown in the table below:

LTE SCS | NR SCS (kHz) MRTD (ps) for MTTD (ps) for
(kHz) synchronous asynchronous
operation operation
[ 15 B NA
| 15 N

TBD
TBD

NA
[ 15 B T8D NA
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Intra-band LTE-NR DC (2)
* For FDD-FDD intra-band LTE-NR,
— It is proposed to only consider collocation scenario
for intra-band LTE-NR DC in Rel-15.
— If UE supports asynchronous dual connectivity
assuming separate RF chains, following MRTD and
MTTD is defined in this case:

LTE PCell | NRPSCell | MRTD (ps) for MTTD (ps) for
SCS (kHz) | SCS (kHz) | asynchronous asynchronous
operation operation
“ 15 500 500

30 250 250
60 125 125
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Inter-band LTE-NR DC (1/2)
* All UEs support asynchronous DC between LTE
and NR for inter-band LTE-NR in Rel-15.

— Asynchronous here refers to subframe/slot timing
boundary alignment

* Following MRTD and MTTD is defined:

LTE PCell | NRPSCell | MRTD (ps) for MTTD (ps) for
SCS (kHz) | SCS (kHz) | asynchronous asynchronous
operation operation
“ 15 500 500
| 15
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