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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]. 
With the above conclusion to be considered, we would like to clarify the scenarios for EN-DC and also the text proposal to TS38.133’s MTTD/MRTD section. 

2 Scenarios of EN-DC and Capability Related
With the above agreement taken into account, our understanding for EN-DC scenarios and corresponding capability can be summarized as below
Table 1. EN-DC Scenarios and Corresponding Capability
	
	FDD-FDD
	TDD-TDD
	TDD-FDD

	Intra-band
	Sync (Mandatory), Async(Optional)
Async support depends on UE capability
(only support collocation for Rel-15)
	Sync 
(only support Sync for Rel-15)
(only support collocation for Rel-15)
	N.A.

	Inter-band
	Sync/Async (Both supported)
	Sync/Async (Both supported)
(UE capability for "simultaneous TXRX")
	Sync/Async (Both supported)
(UE capability for "simultaneous TXRX")



3 Text Proposal for MTTD/MRTD
With the above understanding, we believe the corresponding core requirement for MTTD/MRTD needs to be revised. 

Begin of Change 1

7.5	Maximum Transmission Timing Difference 
[bookmark: _Toc500509900]7.5.1	Introduction
A UE shall be capable of handling a relative transmission timing difference between subframe timing boundary of E-UTRA PCell and slot timing boundaries of PSCell to be aggregated EN-DC
[bookmark: _Toc500509901]7.5.2	Minimum Requirements for inter-band EN-DC 
For inter-band The UE shall be capable of handling a maximum uplink transmission timing difference between E-UTRA PCell and PSCell as shown in Table 7.5.2-1. The requirements for asynchronous EN-DC are applicable for E-UTRA TDD- NR TDD, E-UTRA FDD- NR FDD, E-UTRA FDD-NR TDD and E-UTRA TDD-NR FDD inter-band asynchronous EN-DC.
Table 7.5.2-1 Maximum uplink transmission timing difference requirement for asynchronous EN-DC 
	Sub-carrier spacing in E-UTRA PCell (kHz)
	UL Sub-carrier spacing for data in PSCell (kHz)
	Maximum uplink transmission timing difference (µs)

	15
	15
	500

	15
	30
	250

	15
	60
	125

	15
	120Note1
	62.5

	Note1 :     For E-UTRA FDD- NR FDD and E-UTRA TDD- NR TDD intra-band EN-DC, 120kHz is not applied.



The UE shall be capable of handling a maximum uplink transmission timing difference between E-UTRA PCell and PSCell as shown in Table 7.5.2-2 provided that the UE indicates that it is capable of synchronous EN-DC [16]. The requirements for synchronous EN-DC are applicable for E-UTRA FDD-NR FDD, E-UTRA TDD-NR TDD, E-UTRA TDD-NR FDD and E-UTRA FDD-NR TDD inter-band EN-DC.
Table 7.5.2-2 Maximum uplink transmission timing difference requirement for inter-band synchronous EN-DC 
	Sub-carrier spacing in E-UTRA PCell (kHz)
	UL Sub-carrier spacing for data in PSCell (kHz)
	Maximum uplink transmission timing difference (µs)

	15
	15
	35.21

	15
	30
	35.21

	15
	60
	35.21

	15
	120 Note1
	35.21

	Note 1: For E-UTRA FDD- NR FDD and E-UTRA TDD- NR TDD intra-band EN-DC, 120kHz is not applied.


7.5.3	Minimum Requirements for intra-band EN-DC
For intra-band EN-DC, only collocated deployment is applied.
The UE shall be capable of handling a maximum uplink transmission timing difference between E-UTRA PCell and PSCell as shown in Table 7.5.2-1 for E-UTRA FDD-NR FDD intra-band EN-DC provided the UE indicates that it is capable of asynchronous EN-DC operation  [16]. The UE shall be capable of handling a maximum uplink transmission timing difference between E-UTRA PCell and PSCell as shown in Table 7.5.2-1 for E-UTRA TDD-NR TDD intra-band EN-DC. The requirements for asynchronous EN-DC are applicable for E-UTRA FDD- NR FDD and E-UTRA TDD- NR TDD intra-band asynchronous EN-DC. 
No uplink transmission timing difference is applicable for synchronous EN-DC.
7.6   Maximum Receive Timing Difference 
[bookmark: _Toc500509903]7.6.1	Introduction
A UE shall be capable of handling a relative receive timing difference between subframe timing boundary of E-UTRA PCell and slot timing boundaries of PSCell to be aggregated for EN-DC.
A UE shall be capable of handling a relative receive timing difference between slot timing boundary of different carriers to be aggregated NR carrier aggregation.
[bookmark: _Toc500509904]7.6.2	Minimum Requirements for inter-band EN-DC
For inter-band The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal from E-UTRA PCell and slot timing of signal from PSCell at the UE receiver as shown in Table 7.6.2-1. The requirements for asynchronous EN-DC are applicable for E-UTRA TDD- NR TDD, E-UTRA FDD- NR FDD, E-UTRA FDD- NR TDD and E-UTRA TDD- NR FDD inter-band EN-DC.
Table 7.6.2-1 Maximum receive timing difference requirement for asynchronous EN-DC 
	Sub-carrier spacing in E-UTRA PCell (kHz)
	DL Sub-carrier spacing  in PSCell (kHz)Note1
	Maximum receive timing difference (µs)

	15
	15
	500

	15
	30
	250

	15
	60
	125

	15
	120
	62.5

	Note1 :     DL Sub-carrier spacing is min{SCSSS, SCSDATA}. 
Note2 :     For E-UTRA FDD- NR FDD and E-UTRA TDD- NR TDD intra-band EN-DC, 120kHz is not applied.



The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal from E-UTRA PCell and slot timing of signal from PSCell at the UE receiver as shown in Table 7.6.2-2 provided that the UE indicates that it is capable of synchronous EN-DC[16]. The requirements for synchronous EN-DC are applicable for E-UTRA FDD-NR FDD, E-UTRA TDD- NR TDD, E-UTRA TDD- NR FDD and E-UTRA FDD- NR TDD inter-band EN-DC.
Table 7.6.2-2 Maximum receive timing difference requirement for inter-band synchronous EN-DC 
	Sub-carrier spacing in E-UTRA PCell (kHz)
	DL Sub-carrier spacing in PSCell (kHz)Note1
	Maximum receive timing difference (µs)

	15
	15
	
33

	15
	30
	

	15
	60
	

	15
	120
	

	Note1:	DL Sub-carrier spacing is min{SCSSS, SCSDATA}.
Note2:      For E-UTRA FDD- NR FDD and E-UTRA TDD- NR TDD intra-band EN-DC, 120kHz is not applied.



7.6.3	Minimum Requirements for intra-band EN-DC
For intra-band EN-DC, only collocated deployment is applied.
The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal from E-UTRA PCell and slot timing of signal from PSCell as shown in Table 7.6.2-1 for E-UTRA FDD-NR FDD intra-band EN-DC provided the UE indicates that it is capable of asynchronous EN-DC operation [16]. The requirements for asynchronous EN-DC are applicable for E-UTRA FDD- NR FDD and E-UTRA TDD- NR TDD intra-band EN-DC.  
The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal from E-UTRA PCell and slot timing of signal from PSCell as shown in Table 7.6.3-1 provided the UE indicates that it is only capable of synchronous EN-DC [16]. The requirements for synchronous EN-DC are applicable for E-UTRA TDD- NR TDD and E-UTRA FDD- NR FDD intra-band EN-DC.
Table 7.6.3-1 Maximum receive timing difference requirement for intra-band synchronous EN-DC 
	Sub-carrier spacing in E-UTRA PCell (kHz)
	DL Sub-carrier spacing in PSCell (kHz) Note1
	Maximum receive timing difference (µs)

	15
	15
	3

	15
	30
	3

	15
	60
	3

	Note1:	DL Sub-carrier spacing is min{SCSSS, SCSDATA}.



End of Change 1

4 Conclusion
In this paper, we provided our clarification on the understanding for the scenarios for EN-DC and corresponding capability signaling considering previous RAN4 discussion as below, and correspondingly the text proposal for MTTD/MRTD in TS38.133. 
Table 1. EN-DC Scenarios and Corresponding Capability
	
	FDD-FDD
	TDD-TDD
	TDD-FDD

	Intra-band
	Sync (Mandatory), Async(Optional)
Async support depends on UE capability
(only support collocation for Rel-15)
	Sync 
(only support Sync for Rel-15)
(only support collocation for Rel-15)
	N.A.

	Inter-band
	Sync/Async (Both supported)
	Sync/Async (Both supported)
(UE capability for "simultaneous TXRX")
	Sync/Async (Both supported)
(UE capability for "simultaneous TXRX")
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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

30 250 250
60 125 125
120 62.5 62.5




