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Introduction
In this contribution, we provide discussion on the maintaining issues for MRTD/MTTD requirements for inter-band EN-DC with overlapping DL bands.
Discussion
[bookmark: OLE_LINK186][bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]In NR R15, RAN4 achieved the following agreements on synchronous/asynchronous operations for EN-DC, which were captured in [1]
Table 1. Clarification on EN-DC deployment scenarios and UE support/capability in Rel-15 [1]
	
	FDD E-UTRA-FDD NR
	TDD E-UTRA-TDD NR
	TDD E-UTRA-FDD NR 
and FDD E-UTRA-TDD NR

	Intra-
band
	[bookmark: _Hlk149226370][bookmark: _Hlk149211582]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)


For inter-band EN-DC, all UEs are mandatory to support synchronous operation and asynchronous operation.
For intra-band EN-DC, it can be observed that only co-located deployment is supported. For TDD-TDD intra-band EN-DC, UE only supports synchronous operation. For FDD-FDD intra-band EN-DC, all UEs are mandatory to support synchronous operation and whether to support asynchronous operation depends on UE capability IE asyncIntraBandENDC.
According to TS38.101-3, the requirements for TDD-TDD intra-band EN-DC needs to be applied for the combinations DC_42_n77/DC_42_n78 (TDD-TDD inter-band EN-DC with overlapping DL bands), i.e. UE only supports synchronous operation and co-located deployment for the combination DC_42_n77/DC_42_n78. For the combinations DC_20_n28/ DC_28_n20 (FDD-FDD inter-band EN-DC with partially overlapping DL bands), it requires that DL carriers are synchronized and MRTD=3us, which means UE only supports synchronous operation and co-located deployment for combination DC_42_n77/DC_42_n78.
The clarification and MRTD requirements for EN-DC in R15 can be summarized as Table 2.
Table 2. Clarification on EN-DC deployment, sync and UE support/capability in Rel-15
	EN-DC combination
	Deployment
	Sync/async operation
	MRTD requirements

	Intra-band
	TDD-TDD
	Limited to co-located
	Only limited to sync operation
	3us

	
	FDD-FDD
	Limited to co-located
	UE capability: only support sync operation
	3us


	
	
	
	UE capability: support both sync and async
	0.5slot

	Inter-band
	TDD-TDD inter-band EN-DC with overlapping DL bands (DC_42_n77/DC_42_n78)
	Limited to co-located
	Only limited to sync operation
	3us

	
	FDD-FDD inter-band EN-DC with partially overlapping DL bands (DC_20_n28/DC_28_n20)
	Limited to co-located
	Only limited to sync operation
	3us

	
	inter-band EN-DC without overlapping DL bands
	No limitation
	Mandatory support both sync and async
	0.5 slot


[bookmark: _Hlk149246151]When E-UTRA BS and NR BS are co-located deployed, it may require that E-UTRA BS and NR BS are synchronous for intra-band EN-DC or inter-band EN-DC with overlapping or partially overlapping DL bands (i.e. DC_42_n77/DC_42_n78/ DC_20_n28/DC_28_n20). When E-UTRA BS and NR BS are non-co-located deployed, only inter-band EN-DC without overlapping DL bands are supported and there is no limitation on synchronous/asynchronous operation.
Observation 1: In R15, for inter-band EN-DC with overlapping or partially overlapping DL bands (i.e. DC_42_n77/DC_42_n78/ DC_20_n28/DC_28_n20), the MRTD requirements for synchronous intra-band EN-DC are applied with the limitation on co-located deployment.
Observation 2: In R15, the limitation on supporting only synchronous operation can be applied only under co-located deployment for intra-band EN-DC or inter-band EN-DC with overlapping or partially overlapping DL bands.
In TS 38.306, the UE capability IE asyncIntraBandENDC is defined as follows:
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	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.

This capability applies to:
-	Intra-band (NG)EN-DC combination without additional inter-band NR and LTE CA component;
-	Intra-band (NG)EN-DC combination supporting both UL and DL intra-band (NG)EN-DC parts with additional inter-band NR/LTE CA component;
-	Intra-band (NG)EN-DC combination without supporting UL in both the bands of the intra-band (NG)EN-DC UL part;
[bookmark: _Hlk149242351][bookmark: _Hlk149242359]-	Inter-band (NG)EN-DC combination, where the frequency range of the E-UTRA band is a subset of the frequency range of the NR band (as specified in Table 5.5B.4.1-1 of TS 38.101-3 [4]).

If this capability is included in an "Intra-band (NG)EN-DC combination supporting both UL and DL intra-band (NG)EN-DC parts with additional inter-band NR/LTE CA component" or in an "Intra-band (NG)EN-DC combination without supporting UL in both the bands of the intra-band (NG)EN-DC UL part", this capability applies to the intra-band (NG)EN-DC BC part.
	BC
	No
	FDD only
	FR1 only


According to the Table 5.5B.4.1-1 specified in TS 38.101-3, it can be observed that only DC_42_n77 and DC_42_n78 are the inter-band EN-DC combination where the frequency range of the E-UTRA band is a subset of the frequency range of the NR band. So, the UE capability asyncIntraBandENDC applies to FDD-FDD intra-band EN-DC combination and some certain TDD-TDD inter-band EN-DC combinations (i.e. DC_42_n77/DC_42_n78). If the IE asyncIntraBandENDC is not indicated, then it means that the UE supports only synchronous operation for this EN-DC combination.
[bookmark: _Hlk149244377]Observation 3: UE capability IE asyncIntraBandENDC only apply to FDD-FDD intra-band EN-DC combinations and TDD-TDD inter-band EN-DC combinations DC_42_n77 and DC_42_n78. For these EN-DC combinations, UE supports only synchronous operation by default when IE asyncIntraBandENDC is not indicated.
In R16, the UE capability of supporting interBandMRDC-WithOverlapDL-Bands-r16 (i.e. Type 2 UE) is introduced for the inter-band combinations with overlapping or partially overlapping DL bands (i.e. DC_42_n77/DC_42_n78/DC_20_n28/DC_28_n20). When UE indicates the capability interBandMRDC-WithOverlapDL-Bands-r16 for the inter-band EN-DC combination with overlapping or partially overlapping DL bands, UE is assumed to support non-co-located deployment and the MRTD requirements for legacy inter-band EN-DC (i.e. without overlapping DL bands) are applied for this inter-band EN-DC combination. MRTD requirements for legacy inter-band EN-DC are defined as 0.5slot without deployment limitation and without limitation on synchronous only operation.
For TDD-TDD inter-band EN-DC with overlapping DL bands (i.e. DC_42_n77 and DC_42_n78), whether to support asynchronous operation is up to UE capability. When UE indicates interBandMRDC-WithOverlapDL-Bands-r16 but not indicates asyncIntraBandENDC, then the UE only needs to apply MRTD requirements for synchronous inter-band EN-DC (i.e. MRTD=33us). When UE indicates both interBandMRDC-WithOverlapDL-Bands-r16 and asyncIntraBandENDC, then the UE only needs to apply MRTD requirements for legacy inter-band EN-DC (i.e. MRTD=0.5slot).
Proposal 1: For TDD-TDD inter-band EN-DC with overlapping or partially overlapping DL bands (i.e. DC_42_n77 and DC_42_n78), UE indicating interBandMRDC-WithOverlapDL-Bands-r16 applies 
· MRTD=33us (i.e. synchronous inter-band EN-DC MRTD value) when asyncIntraBandENDC is not indicated
· MRTD=0.5slot (i.e. asynchronous inter-band EN-DC MRTD value) when asyncIntraBandENDC is indicated
For FDD-FDD inter-band EN-DC with partially overlapping DL bands (i.e. DC_20_n28 and DC_28_n20), UE capability asyncIntraBandENDC are not applied. In last RAN4 meeting, RAN4 considered to apply UE capability asyncIntraBandENDC for FDD-FDD inter-band EN-DC with partially overlapping DL bands. In R15, for FDD-FDD inter-band EN-DC with partially overlapping DL bands, the limitation on supporting only synchronous operation is only for co-located deployment rather than non-co-located deployment. So, there is no synchronous limitation for FDD-FDD inter-band EN-DC in non-co-located deployment. It is common understanding that FDD is asynchronous network and FDD-FDD inter-band EN-DC in non-co-located deployment are typically asynchronous. If UE capability asyncIntraBandENDC is applied for FDD-FDD inter-band EN-DC with partially overlapping DL bands, then UE not indicating asyncIntraBandENDC is not backward-compatible to the current asynchronous operation for FDD-FDD inter-band EN-DC in non-co-located deployment. 
[bookmark: _Hlk149248587][bookmark: _Hlk149248512]Observation 4: If UE capability IE asyncIntraBandENDC was reused to be applied for FDD-FDD inter-band EN-DC with overlapping or partially overlapping DL bands (i.e. DC_20_n28/DC_28_n20), the UE not indicating asyncIntraBandENDC would have backward compatibility issue.
So, there is no need to apply UE capability asyncIntraBandENDC for FDD-FDD inter-band EN-DC with partially overlapping DL bands. UE indicating interBandMRDC-WithOverlapDL-Bands-r16 needs to support FDD-FDD inter-band EN-DC under asynchronous operation. When UE indicating interBandMRDC-WithOverlapDL-Bands-r16 is assumed to support non-co-located deployment, the UE needs to apply MRTD requirements for asynchronous inter-band EN-DC (i.e. MRTD=0.5slot).
Proposal 2: For FDD-FDD inter-band EN-DC with overlapping or partially overlapping DL bands (i.e. DC_20_n28/DC_28_n20), there is no need to introduce UE capability asyncIntraBandENDC, and UE indicating interBandMRDC-WithOverlapDL-Bands-r16 applies MRTD=0.5slot (i.e. asynchronous inter-band EN-DC MRTD value).

Conclusions
This contribution provides the discussion on maintaining issues for MRTD/MTTD requirements for inter-band EN-DC with overlapping DL bands. The following are provided:
Observation 1: In R15, for inter-band EN-DC with overlapping or partially overlapping DL bands (i.e. DC_42_n77/DC_42_n78/ DC_20_n28/DC_28_n20), the MRTD requirements for synchronous intra-band EN-DC are applied with the limitation on co-located deployment.
Observation 2: In R15, the limitation on supporting only synchronous operation can be applied only under co-located deployment for intra-band EN-DC or inter-band EN-DC with overlapping or partially overlapping DL bands.
Observation 3: UE capability IE asyncIntraBandENDC only apply to FDD-FDD intra-band EN-DC combinations and TDD-TDD inter-band EN-DC combinations DC_42_n77 and DC_42_n78. For these EN-DC combinations, UE supports only synchronous operation by default when IE asyncIntraBandENDC is not indicated.
Proposal 1: For TDD-TDD inter-band EN-DC with overlapping or partially overlapping DL bands (i.e. DC_42_n77 and DC_42_n78), UE indicating interBandMRDC-WithOverlapDL-Bands-r16 applies 
· MRTD=33us (i.e. MRTD value for synchronous inter-band EN-DC) when asyncIntraBandENDC is not indicated
· MRTD=0.5slot (i.e. MRTD value for asynchronous inter-band EN-DC) when asyncIntraBandENDC is indicated
Observation 4: If UE capability IE asyncIntraBandENDC was reused to be applied for FDD-FDD inter-band EN-DC with overlapping or partially overlapping DL bands (i.e. DC_20_n28/DC_28_n20), the UE not indicating asyncIntraBandENDC would have backward compatibility issue.
Proposal 2: For FDD-FDD inter-band EN-DC with overlapping or partially overlapping DL bands (i.e. DC_20_n28/DC_28_n20), there is no need to introduce UE capability asyncIntraBandENDC, and UE indicating interBandMRDC-WithOverlapDL-Bands-r16 applies MRTD=0.5slot (i.e. MRTD value for asynchronous inter-band EN-DC).
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