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Regarding intra-band and inter-band (NG)EN-DC/NE-DC capabilities, an LS from RAN2 [1] was received. In this contribution, our views on the questions raised in the LS are provided.
[bookmark: _Ref129681832]Discussion
There are five UE capabilities listed in the LS as below:
	R1: 6-24
	Applying the same UL timing between NR and LTE
	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.

	R1: 6-23
	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 EN-DC, intra-band CA, and FDM based ULSUP
	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.

	R4: 2-16
	PA architectures for intra-band EN-DC
	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.

	R4: 2-4
	Simultaneous reception and transmission for inter-band EN-DC (TDD-TDD or TDD-FDD)
	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].

	R4: 2-6
	Asynchronous FDD-FDD intra-band EN-DC DC
	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.


And the following five (NG)EN-DC/NE-DC BC types (the bolder part denotes UL) were identified by RAN2 for the purpose of analyzing the applicability of the aforementioned UE capability parameters:
	· 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 without supporting UL in both the bands of the intra-band (NG)EN-DC/NE-DC UL part, 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. 


Specifically, the following two questions were asked by RAN2:
	Question 1: For which (NG)EN-DC/NE-DC BC types the above capabilities (ul-TimingAlignmentEUTRA-NR/pa-PhaseDiscontinuityImpacts/dualPA-Architecture/simultaneousRxTxInterBandENDC /asyncIntraBandENDC ) are applicable?
Question 2: If the capability ul-TimingAlignmentEUTRA-NR/pa-PhaseDiscontinuityImpacts/ul-dualPA-Architecture/asyncIntraBandENDC are applicable to the (NG)EN-DC/NE-DC BC Type 1/2/3, whether they are used to indicate the restriction to the intra-band (NG)EN-DC/NE-DC BC part?


From RAN1 perspective, we tend to focus on the two RAN1 UE capabilities (ul-TimingAlignmentEUTRA-NR/pa-PhaseDiscontinuityImpacts). Before answering the two questions, we need to dig more about the history of the introduction of the above RAN1 UE capabilities.
As in [2], the UE capability ul-TimingAlignmentEUTRA-NR was introduced for the intra-band synchronous continuous EN-DC.
	RAN1 would like to provide information on introduction of new capability bit for the intra-band synchronous continuous EN-DC. The following has been agreed RAN1:
· Introduce a new capability bit. 
· The bit is applicable only for the cases where 
· A dynamic power sharing capable UE operates in an intra-band synchronous contiguous EN-DC network.
· FFS: A UE supporting FDM-based ULSUP.
· If not voided subsequently, the bit is used for handling UEs that can only apply same timing between NR and LTE.
· Decide after further progress in RAN4 on whether a UE setting this bit to 1 is supported and whether the associated UE behaviour for UEs reporting this capability needs to be differentiated.
· If there is a new UE behaviour defined, FFS how the network can simultaneously serve two different UE types 
· Whether the bit is set or not, the UE is capable of receiving independent TA commands on the MCG and the SCG
· UEs that set this bit to 0 should be able to operate with a timing difference up to applicable MTTD requirements when operating in a synchronous intra-band contiguous EN-DC network.


Additionally, RAN1 has further clarified the FG6-11 of the RAN1 UE feature list as follows:
· Add a note for feature group 6-11 stating that this feature group is applied to NR-NR CA and EN-DC. For EN-DC, the feature group indicates number of TAGs only for NR CG.
· Note: The number of TAGs for the LTE MCG is signalled by existing LTE TAG capability signalling 


Therefore, the RAN1 UE capability ul-TimingAlignmentEUTRA-NR (FG 6-24) should only apply to intra-band EN-DC. RAN1 has no intention to expand its applicability to NE-DC.
According to the RAN1 agreement in RAN1#94 [3], pa-PhaseDiscontinuityImpacts (FG 6-23) is first introduced for the intra-band EN-DC and intra-band CA.
	Agreement:
UE capability signalling that indicates per band per band combination whether the UE can handle (motivated by impacts of PA phase discontinuity) cases with overlapping transmissions with non-aligned starting or ending times or hop boundaries across carriers is beneficial and is introduced.
· Only applicable to intra-band EN-DC, intra-band CA, FDM-based ULSUP (UL Sharing from UE Perspective)
· Note: Normal UE behaviour is assumed when the UE does not indicate the lack of this capability through the capability signalling or when the capability is not applicable
· RAN4 to determine whether a UE that cannot handle such cases needs different performance requirements or whether these cases are treated as error cases.
· For intra-band EN-DC and FDM-based ULSUP, whether the capability is applicable also when NR is operated with different numerology than LTE should be determined in RAN4
· RAN4 to determine in which bands, in which band-combinations (including in which bands in the band-combination) the capability is applicable 
· Note: This is not intended to change other UE capabilities and minimum performance requirements related to the number of antennas and PAs as per the RAN4 requirements.


As reflected in the definition of this UE capability in TS 38.306 clause 4.2.7.7, the RAN1 UE capability pa-PhaseDiscontinuityImpacts is also applicable to the intra-band NE-DC.
	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.


For the case Type 1 and Type 2, since all the UL carriers are in the same band, the UE will implement 1 PA architecture for the intra-band DC/CA. Consequently, UE capability ul-TimingAlignmentEUTRA-NR can be applied only to the intra-band EN-DC scenario within Type 1 and Type 2. Besides, UE capability pa-PhaseDiscontinuityImpacts can be applied to all the scenarios within Type 1 and Type 2. For the other cases Type 3/4/5, since the UL carriers are not in the same band, UE capability ul-TimingAlignmentEUTRA-NR or pa-PhaseDiscontinuityImpacts cannot be applied. Hence we have the following proposals.
Proposal 1: Confirm that the UE capabilities 6-24 ul-TimingAlignmentEUTRA-NR can only be applied to the intra-band EN-DC scenario within Type 1 and Type 2 identified by RAN2 in LS R1-2104162.
Proposal 2: Confirm that the UE capabilities 6-23 pa-PhaseDiscontinuityImpacts can only be applied to the following two scenarios among the five Types identified by RAN2 in LS R1-2104162:
· 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.
Regarding the definition of UE capability ul-TimingAlignmentEUTRA-NR in TS 38.306 clause 4.2.7.9, if this capability in included in an inter-band DC band combination with an intra-band DC band combination part, it is used to indicate the restriction to the intra-band DC band combination part.
	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.


As for the UE capability pa-PhaseDiscontinuityImpacts, we don’t see any necessity to enlarge the restriction outside the intra-band DC BC part. Thus we think both two UE capabilities are used to indicate the restriction only to the intra-band DC BC part.
Proposal 3: Confirm that the UE capabilities 6-23 pa-PhaseDiscontinuityImpacts and 6-24 ul-TimingAlignmentEUTRA-NR are both only used to indicate the restriction to the intra-band DC BC part.

Conclusions
In this contribution, some issues of intra-band and inter-band (NG)EN-DC/NE-DC capabilities are discussed. The following proposals are provided:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Confirm that the UE capabilities 6-24 ul-TimingAlignmentEUTRA-NR can only be applied to the intra-band EN-DC scenario within Type 1 and Type 2 identified by RAN2 in LS R1-2104162.
Proposal 2: Confirm that the UE capabilities 6-23 pa-PhaseDiscontinuityImpacts can only be applied to the following two scenarios among the five Types identified by RAN2 in LS R1-2104162:
· 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.
Proposal 3: Confirm that the UE capabilities 6-23 pa-PhaseDiscontinuityImpacts and 6-24 ul-TimingAlignmentEUTRA-NR are both only used to indicate the restriction to the intra-band DC BC part.
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