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1 Introduction
A number of dual-connectivity aggregations in left as late drop for Rel-15 NR spec, which includes NE-DC and NR-NR DC. RAN2 sent an LS [1], in which a number of questions have been asked to RAN4. 
In this contribution, we provide our understanding on the questions and propose a reply LS in [2].

2 Background

For EN-DC, UE capability signaling for only intra-band EN-DC is defined, as seen below from TS 38.306:
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Related RRC parameter signaling is found in TS 38.331 as shown below:
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Our understanding is that, UE capability signaling for NE-DC should be similar to EN-DC. 

In RAN4#88, following was agreed based on a contribution in [3] for EN-DC UE capability issues. The above RAN2 signaling is based on the agreements as described in the table below.

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)


Based on this, we propose to define same UE capability for NE-DC. Thus the table will look like as below:

Table 2. NE-DC deployment scenarios and UE support/capability in Rel-15
	
	FDD NR - FDD E-UTRA
	TDD NR - TDD E-UTRA
	TDD NR - FDD E-UTRA 
and FDD NR-TDD E-UTRA

	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)


3 Late drop UE capability 
RAN2 LS in [1] asked 6 questions. We provide our understanding in the following sections. 

3.1 Q1

“RAN2 would like to understand if there are UE capabilities which need to be differed between EN-DC and options included in the late drop:

Q1: RAN2 understands that  the band combinations defined for EN-DC also applicable for NGEN-DC, i.e. the same EN-DC band combinations defined in 38.101 would be re-used for NGEN-DC as the only difference is the core network node. Therefore RAN2 assumes there is no need to have explicit signalling for the supported band combinations for NGEN-DC, i.e. the reported set of band combinations for EN-DC can be re-used, is it consistent with RAN4 understanding?”

	E/// understanding:
	NGEN-DC corresponds to a feature in core network node, thus, there are no impact on radio side. So, the band combinations for which EN-DC will be supported, should also be supported for NGEN-DC.

	Proposed RAN4 response:
	The RAN2 understanding is consistent with RAN4 understanding that, the reported set of band combinations for EN-DC can be reused for NGEN-DC.


3.2 Q2

“Q2: RAN2 would like to ask RAN4 whether the band combinations defined for EN-DC also applicable for NE-DC, i.e. the same EN-DC band combinations defined in 38.101 would be re-used for NE-DC? Or could there be at least some band combinations which can only be used for either EN-DC or NE-DC?
Q2a: if the answer to Q2 is Yes to re-use, is a NE-DC supporting UE with a reported support of EN-DC band combination, expected to support NE-DC also on that BC without any additional signalling?”
	E/// understanding:
	Our understanding is that, there will be a general capability bit for NE-DC. From RF point of view, there are no differences whether EN-DC or NE-DC or both are supported for any particular band combination, since all RF and baseband capabilities (e.g. BCS, supported carrier BWs, MIMO layer capabilities, etc) will be similar whether a cell is PCell or PScell. Note that, for the same band combination, an NR cell will be PSCell (or PCell) whether EN-DC (or NE-DC) is considered. 
The actual deployment depends on operators who propose any EN-DC combination, on whether they will use the same combination for NE-DC also or not.

	Proposed RAN4 response:
	RAN4 understands that UEs will be able to indicate by a per-UE capability bit whether they support NE-DC. Beyond that, from RAN4 perspective, there is no need to distinguish EN-DC band combinations from NE-DC band combinations. If a UE indicates that it supports NE-DC, it should support NE-DC on all band combinations on which it supports EN-DC (the ones in the supportedBandCombinationList in the UE-MRDC-Capabilities).


3.3 Q3

“Q3: RAN2 would like to ask RAN4 whether the band combinations defined for NR CA also applicable for NR-DC, i.e. the same NR CA band combinations defined in 38.101 would be re-used for NR-DC? Or could there be at least some band combinations which can only be used for either NR CA or NR-DC?
	E/// understanding:
	All combinations where NR-NR DC is supported will use the RF requirements for corresponding NR CA combination. As an example, if NR-NR DC is supported for DC_nx-ny combination, then RF requirements for CA_nx-ny will apply on the DC_nx-ny combination. Thus there are no differences from RF point of view. This is similar to LTE Rel-12 understanding. 

However, there are significant differences from RRM requirement point of view. First, DC may involve asynchronous cells, while all cells are synchronous in CA. Secondly, one of the cells will be PScell (in addition to PCell, same as CA): Pscell will require different functionalities compared to a “normal” Scell, thus new requirements are needed.
Based on this, our proposal is that, UE should signal the NR-NR DC capability on the subset of the band combinations where NR-NR CA is supported. So it may be that, only a single bit is added to combinations that supports NR-NR CA, to indicate that they also NR-NR DC.
Similar to EN-DC and NE-DC case, the actual deployment depends on operators who propose any NR-CA combination, on whether they will use the same combination for NR-DC also or not.

	Proposed RAN4 response:
	The UE should support NR carrier aggregation on all band combinations advertised in the supportedBandCombinations in the UE-NR-Capabilities. The UE may indicate for which subset of those band combinations it also supports NR-NR DC. (The signaling details are of course up to RAN2 to define).


Q3a: if the answer to Q3 is Yes to re-use, is a NR-DC supporting UE with a reported support of NR SA band combination, expected to support NR-DC also on that BC without any additional signalling?”

	Proposed RAN4 response:
	Proposal is not to reuse.


3.4 Q4

“Q4: RAN2 understands that the UE capabilities for NGEN-DC can re-use all EN-DC capabilities. From RAN1 and RAN4 point of view, is it consistent with RAN1 and RAN4 understanding?”

	E/// understanding
	Since there are no impact on RAN4 RF and RRM requirement when NGEN-DC is considered with respect to EN-DC, thus UE capabilities for NGEN-DC can re-use all EN-DC capabilities

	Proposed RAN4 response:
	RAN4 understanding is consistent with RAN2 that, UE capabilities for NGEN-DC can re-use all EN-DC capabilities.


3.5 Q5

“Q5:  From RAN1 and RAN4 point of view, a re there any UE capabilities(defined per-CC or per-band-per-BC or per-BC) that need to signalled differently for NE-DC compared to EN-DC?”

	E/// understanding
	We do not see any difference at this moment regarding different UE capabilities between EN-DC and NE-DC. All capabilities related to EN-DC apply to NE-DC. These capabilities should be signaled be per BC. Some parameters which are defined per CC, e.g. MIMO capabilities, etc, will also be same for NE-DC compared to EN-DC.

	Proposed RAN4 response:
	RAN4 understanding is that, there are no UE capabilities (defined per-CC or per-band-per-BC or per-BC) that need to be signaled differently for NE-DC compared to EN-DC.


3.6 Q6

“Q6 : From RAN1 and RAN4 point of view, a re there any UE capabilities (defined per-CC or per-band-per-BC or per-BC) that need to be signalled differently for NR-DC compared to NR CA?”
	E/// understanding
	As mentioned under Q3, the NR-NR DC combinations will use same RF and baseband capabilities from corresponding NR-NR CA combination. Thus, the capabilities will be similar for both NR-NR DC and NR-NR CA.

	Proposed RAN4 response:
	RAN4 understanding is that, there are no UE capabilities (defined per-CC or per-band-per-BC or per-BC) that need to be signaled differently for NR-NR DC compared to NR-NR CA.


4 Proposals

Based on the above proposals and discussions in this contribution, we proposed an LS in [2] to be sent to RAN2.
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