[bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #102-e	R4-2205879
Electronic Meeting, February 21 – March 3, 2022

Agenda item:	5.1.5.2.3
Source:            	Google Inc.
Title:                	Discussion on Intra-Band EN-DC support 
Document for:	Approval
Introduction
In RAN4#101-e meeting, intra-band EN-DC support definition has been discussed but there is still no agreement which can be reached. Referring to the last WF, the Rel-15 intra-band EN-DC band combination with ambiguous UL configuration has been agreed to remove from specification. Therefore, the remaining issue would be whether to solve ambiguous configurations by introducing a new UE capability signaling or modifying TS38.101-3 intra-band EN-DC definition from Rel-16 and Rel-17 specs. In this paper, we would like to share our view in the following.
Discussion
The IE intraBandENDC-Support in UE capability is designed for the network to know whether the UE supports contiguous or non-contiguous spectrum for an intra-band EN-DC band combination. At the beginning in Rel-15, the discussion of intra-band EN-DC combination is limited to one LTE carrier and one NR carrier. Thus, it is easy to distinguish an intra-band contiguous or non-contiguous EN-DC combination by intraBandENDC-Support=not reported(contiguous) or intraBandENDC-Support=non-contiguous. For example, if the UE reports LTE 48A and NR n48A to the network, the network knows that the UE supports DC_(n)48AA if intraBandENDC-Support= not reported (contiguous) or the UE supports DC_48A_n48A if intraBandENDC-Support=non-contiguous. There is also no problem for the network to know DL and UL configuration for DC_(n)48AA or DC_48A_n48A when total EN-DC carrier is limited to two. 
With the combinations growing up, the definition for IE intraBandENDC-Support become ambiguous to DL and UL configuration in some scenarios when the total intra-band EN-DC carriers is above two. For example, if the UE reports LTE CA_48C and NR n48A to the network, two possible EN-DC combinations DC_(n)48CA and DC_48C_n48A could be supported by the UE. If the intraBandENDC-Support= not reported(contiguous), it means the intra-band contiguous DC_(n)48CA is supported by the UE. If intraBandENDC-Support=non-contigous, it means the intra-band non-contiguous DC_48C_n48A is supported by the UE. If intraBandENDC-Support=both, it means the intra-band contiguous DC_(n)48CA and non-contiguous DC_48C_n48A are both supported by the UE. However, for some specific cases such as DC_(n)48CA, both non-contiguous UL DC_48A_n48A and contiguous UL DC_(n)48AA configurations are defined in TS38.101 and the intraBandENDC-Support= not reported(contiguous) cannot provide more information about which or both UL configuration can be supported. Hence, the network cannot know if the contiguous UL DC_(n)48AA or the non-contiguous UL DC_48A_n48A configuration is supported by the UE. 
According to the fallback band combination definition in TS38.306 clause 3.1, an intra-band non-contiguous band combination is not considered to be a fallback band combination of an intra-band contiguous band combination. In other words, DL DC_(n)48CA with UL DC_(n)48AA can be supported by the UE due to fallback rule but DL DC_(n)48CA with UL DC_48A_n48A would violate the fallback definition. Therefore, whether the configuration DL DC_(n)48CA with UL DC_48A_n48A is supported or not needs to clarified. There are some method proposed in the previous meeting. One proposed method is to introduce a new UE capability to indicate UL and DL configuration for an intra-band EN-DC combination. Another proposed method to solve the UL ambiguity issue is to determine the contiguous or non-contiguous intra-band EN-DC by the configuration between primary cells in each cell group. Furthermore, from the implementation perspective, we also think that it is feasible to report an additional band combination in the UE capability to let the network know which UL configuration is supported by the UE. By this way, the network can acquire the UL configuration for some intra-band EN-DC combinations by checking the additional reported band combination from the UE.
There are three tables in the following to summarize the relation between the UE capability and DL/UL configuration in accordance with the definition of intraBandENDC-Support. The key point in Table 1 is to define DC_48A_(n)48AA as the intraBandENDC-Support=contiguous in order to differentiate from the band combination DC_48A-48A_n48A as the intraBandENDC-Support=non-contiguous in the UE capability, which is different from the TS38.101-3 definition. In this case, the configuration for DL DC_(n)48CA with UL DC_48A_n48A, DL DC_(n)48DA with UL DC_48A_n48A and DL DC_48A_(n)48AA with UL DC_48A_n48A can be supported by reporting an additional band combination or introducing a new UE capability to the network. So the first cost for this intraBandENDC-Support definition in the UE capability is to move DC_48A_(n)48AA from intra-band non-contiguous combination to contiguous EN-DC combination in TS38.101-3. Moreover, in order not to violate TS38.306 fallback definition, if the UE would like to support more intra-band EN-DC configuration, the second cost would be reporting an additional band combination or introducing a new UE capability signaling to support the configurations.
	Band Combination
	UE Capability
	DL/UL Configuration
	Comments

	
	LTE-DL
	LTE-UL
	NR-DL
	NR-UL
	intraBandENDC-Support
	DL Configuration
	UL Configuration
	

	DC_(n)48CA
	48C
	48A
	n48A
	n48A
	contiguous
	DC_(n)48CA
	DC_(n)48AA
	

	DC_(n)48CA
	48C
	48A
	n48A
	n48A
	contiguous
	DC_(n)48CA
	DC_48A_n48A
	Report an additional band combination DC_48A_n48A to the network or introduce a new UE capability to indicate UL configuration

	DC_48C_n48A
	48C
	48A
	n48A
	n48A
	non-contiguous
	DC_48C_n48A
	DC_48A_n48A
	

	DC_(n)48DA
	48D
	48A
	n48A
	n48A
	contiguous
	DC_(n)48DA
	DC_(n)48AA
	

	DC_(n)48DA
	48D
	48A
	n48A
	n48A
	contiguous
	DC_(n)48DA
	DC_48A_n48A
	Report an additional band combination DC_48A_n48A to the network or introduce a new UE capability to indicate UL configuration

	DC_48D_n48A
	48D
	48A
	n48A
	n48A
	non-contiguous
	DC_48D_n48A
	DC_48A_n48A
	

	DC_48A_(n)48AA
	48A-48A
	48A
	n48A
	n48A
	contiguous
	DC_48A_(n)48AA
	DC_(n)48AA
	

	DC_48A_(n)48AA
	48A-48A
	48A
	n48A
	n48A
	contiguous
	DC_48A_(n)48AA
	DC_48A_n48A
	Report an additional band combination DC_48A_n48A to the network or introduce a new UE capability to indicate UL configuration

	DC_48A-48A_n48A
	48A-48A
	48A
	n48A
	n48A
	non-contiguous
	DC_48A-48A_n48A
	DC_48A_n48A
	


Table 1. intraBandENDC-Support definition to differentiate DC_48A_(n)48AA from DC_48A-48A_n48A
For Table 2, the key point is to use UL configuration between primary cells in each group as the intraBandENDC-Support definition. In this case, the major cost is that the DL DC_(n)48CA with UL DC_48A_n48A and DL DC_(n)48DA with UL DC_48A_n48A needs to be moved to an intra-band non-contiguous EN-DC combination, and  DL DC_48A_(n)48AA with UL DC_(n)48AA needs to be moved to an intra-band contiguous EN-DC combination. In addition, the extra cost for this intraBandENDC-Support definition would be to support more configurations under the same reported UE capability signaling as follows. 
· If the UE reports LTE 48C and NR n48A with the intraBandENDC-Support=non-contiguous, the UE needs to support two configurations DL DC_48C_n48A with UL DC_48A_n48A and DL DC_(n)48CA with UL DC_48A_n48A
· If the UE reports LTE 48D and NR n48A with the intraBandENDC-Support=non-contiguous, the UE needs to support two configurations DL DC_48D_n48A with UL DC_48A_n48A and DL DC_(n)48DA with UL DC_48A_n48A
· If the UE reports LTE 48A-48A and NR n48A with the intraBandENDC-Support=non-contiguous, the UE needs to support two configurations DL DC_48A-48A_n48A with UL DC_48A_n48A and DL DC_48A_(n)48AA with UL DC_48A_n48A. 
From the implementation perspective, it is reasonable to assume that the UE supporting the configuration in non-contiguous spectrum can also support the configuration in contiguous spectrum under the same reported UE capability signaling to the network. Besides, if the UE would like to support both uplink configurations for the band combination such as DC_48A_(n)48AA, it needs to report LTE 48A-48A and NR n48A with the intraBandENDC-Support=both to the network, which also means that the UE needs to support DC_48A-48A_n48A as well.
	Band Combination
	UE Capability
	DL/UL Configuration
	Comments

	
	LTE-DL
	LTE-UL
	NR-
DL
	NR-UL
	intraBandENDC-Support
	DL Configuration
	UL Configuration
	

	DC_(n)48CA
	48C
	48A
	n48A
	n48A
	contiguous
	DC_(n)48CA
	DC_(n)48AA
	

	DC_(n)48CA
	48C
	48A
	n48A
	n48A
	non-contiguous
	DC_(n)48CA
	DC_48A_n48A
	Move to the intra-band non-contiguous EN-DC combination

	DC_48C_n48A
	48C
	48A
	n48A
	n48A
	non-contiguous
	DC_48C_n48A
	DC_48A_n48A
	

	DC_(n)48DA
	48D
	48A
	n48A
	n48A
	contiguous
	DC_(n)48DA
	DC_(n)48AA
	

	DC_(n)48DA
	48D
	48A
	n48A
	n48A
	non-contiguous
	DC_(n)48DA
	DC_48A_n48A
	Move to the intra-band non-contiguous EN-DC combination

	DC_48D_n48A
	48D
	48A
	n48A
	n48A
	non-contiguous
	DC_48D_n48A
	DC_48A_n48A
	

	DC_48A_(n)48AA
	48A-48A
	48A
	n48A
	n48A
	contiguous
	DC_48A_(n)48AA
	DC_(n)48AA
	Move to the intra-band contiguous EN-DC combination

	DC_48A_(n)48AA
	48A-48A
	48A
	n48A
	n48A
	non-contiguous
	DC_48A_(n)48AA
	DC_48A_n48A
	

	DC_48A-48A_n48A
	48A-48A
	48A
	n48A
	n48A
	non-contiguous
	DC_48A-48A_n48A
	DC_48A_n48A
	


Table 2. intraBandENDC-Support definition to follow UL configuration between primary cell in each cell group
For Table 3, the key point is to use TS38.101-3 Table 5.3B.1.2-1 and Table 5.3B.1.3-1 as the intraBandENDC-Support definition. In this case, no specification change is needed in TS38.101-3 and the major cost for this definition is that the configuration for DL DC_(n)48CA with UL DC_48A_n48A and DL DC_(n)48DA with UL DC_48A_n48A can be supported by reporting an additional band combination or introducing a new UE capability. In addition, the additional cost is that the UE needs to support three configurations in two combinations such as DL DC_48A_(n)48AA with UL DC_(n)48AA, DL DC_48A_(n)48AA with UL DC_48A_n48A and DC_48A-48A_n48A with UL DC_48A_n48A when the UE reports LTE 48A-48A and NR n48A with the intraBandENDC-Support=non-contiguous to the network. As for the configuration DL DC_48A_(n)48AA with UL DC_(n)48AA based on the intraBandENDC-Support =non-contiguous, it can be supported by following TS38.306 fallback definition to reasonably assume the UE can support the contiguous UL DC_(n)48AA configuration without changing the intraBandENDC-Support =non-contiguous.


	Band Combination
	UE Capability
	DL/UL Configuration
	Comments

	
	LTE-DL
	LTE-UL
	NR-DL
	NR-UL
	intraBandENDC-Support
	DL Configuration
	UL Configuration
	

	DC_(n)48CA
	48C
	48A
	n48A
	n48A
	contiguous
	DC_(n)48CA
	DC_(n)48AA
	

	DC_(n)48CA
	48C
	48A
	n48A
	n48A
	contiguous
	DC_(n)48CA
	DC_48A_n48A
	Report an additional band combination DC_48A_n48A to the network or introduce a new UE capability to indicate UL configuration

	DC_48C_n48A
	48C
	48A
	n48A
	n48A
	non-contiguous
	DC_48C_n48A
	DC_48A_n48A
	

	DC_(n)48DA
	48D
	48A
	n48A
	n48A
	contiguous
	DC_(n)48DA
	DC_(n)48AA
	

	DC_(n)48DA
	48D
	48A
	n48A
	n48A
	contiguous
	DC_(n)48DA
	DC_48A_n48A
	Report an additional band combination DC_48A_n48A to the network or introduce a new UE capability to indicate UL configuration

	DC_48D_n48A
	48D
	48A
	n48A
	n48A
	non-contiguous
	DC_48D_n48A
	DC_48A_n48A
	

	DC_48A_(n)48AA
	48A-48A
	48A
	n48A
	n48A
	non-contiguous
	DC_48A_(n)48AA
	DC_(n)48AA
	non-contiguous combination supports fallback to contiguous combination and DC_(n)48AA can be supported

	DC_48A_(n)48AA
	48A-48A
	48A
	n48A
	n48A
	non-contiguous
	DC_48A_(n)48AA
	DC_48A_n48A
	

	DC_48A-48A_n48A
	48A-48A
	48A
	n48A
	n48A
	non-contiguous
	DC_48A-48A_n48A
	DC_48A_n48A
	


Table 3. intraBandENDC-Support definition to follow 38.101-3 Table 5.3B.1.2-1 and Table 5.3B.1.3-1
In the following, we summarize the comparison of different intraBandENDC-Support definition in Table 4. It is shown that Table 1 has TS38.101-3 specification impacts and may have possible UE capability signaling introduction. Table 2 only has TS38.101-3 specification change without introducing UE capability signaling but needs to support more configurations under the same reported UE capability. Table 3 has no change in TS38.101-3 but may have possible signaling change, and it may also need to support more configurations under the same reported UE capability 
From our viewpoint, in order to have a more flexible configuration of spectrum, we would not like to remove any intra-band EN-DC configuration in TS38.101-3 and hope to minimize the specification changes as less as possible. So it seems that Table 3 to follow the current TS38.101-3 definition is preferable because there is no change to T38.101-3 and it also has relative lower cost to support the contiguous DL configuration with the non-contiguous UL configuration by reporting an additional band combination to the network. Moreover, it also has moderated additional cost to support more configurations under the same reported UE capability. Hence, it is our first priority to support Table 3 definition with the additional band combination reporting. However, if the majority prefers not to report the additional band combination, our second priority can be introducing a new UE capability to indicate the UL configuration to support more intra-band EN-DC configurations.
Proposal 1: To follow TS38.101-3 Table 5.3B.1.2-1 and Table 5.3B.1.3-1 as intraBandENDC-Support definition, the UE should report the additional band combination DC_48A_n48A to support the following configurations.
· DL DC_(n)48CA with UL DC_48A_n48A
· DL DC_(n)48DA with UL DC_48A_n48A
Proposal 2: If proposal 1 is not agreed, it is proposed to introduce a new UE capability signaling to indicate UL configuration based on the definition in proposal 1.
	intraBandENDC-Support definition
	Specification Change in TS38.101-3
	Additional Cost

	Table1. differentiate DC_48A_(n)48AA from DC_48A-48A_n48A
	Move the following combinations to intra-band contiguous EN-DC combination
· DL DC_48A_(n)48AA with UL DC_(n)48AA
· DL DC_48A_(n)48AA with UL DC_48A_n48A
	Report an additional band combination DC_48A_n48A to the network or introduce a new UE capability to indicate UL configuration for the following combinations
· DL DC_(n)48CA with UL DC_48A_n48A
· DL DC_(n)48DA with UL DC_48A_n48A
· DL DC_48A_(n)48AA with UL DC_48A_n48A

	Table 2. follow UL configuration between primary cell in each cell group
	Move the following combinations to intra-band non-contiguous EN-DC combination
· DL DC_(n)48CA with UL DC_48A_n48A
· DL DC_(n)48DA with UL DC_48A_n48A
Move the following combinations to intra-band contiguous EN-DC combination
· DL DC_48A_(n)48AA with UL DC_(n)48AA
	If the UE reports LTE 48C and NR n48A with intraBandENDC-Support=non-contiguous, the UE needs to support two configurations
· DL DC_(n)48CA with UL DC_48A_n48A
· DL DC_48C_n48A with UL DC_48A_n48A
If the UE reports LTE 48D and NR n48A with intraBandENDC-Support=non-contiguous, the UE needs to support two configurations
· DL DC_(n)48DA with UL DC_48A_n48A
· DL DC_48D_n48A with UL DC_48A_n48A
If the UE reports LTE 48A-48A and NR n48A with intraBandENDC-Support=non-contiguous, the UE needs to support two configurations
· DL DC_48A_(n)48AA with UL DC_48A_n48A
· DL DC_48A-48A_n48A with UL DC_48A_n48A

	Table 3. follow 38.101-3 Table 5.3B.1.2-1 and Table 5.3B.1.3-1
	No change
	Report an additional band combination DC_48A_n48A to the network or introduce a new UE capability to indicate UL configuration for the following combinations
· DL DC_(n)48CA with UL DC_48A_n48A
· DL DC_(n)48DA with UL DC_48A_n48A
If the UE reports LTE 48A-48A and NR n48A with  intraBandENDC-Support=non-contiguous, the UE needs to support two combinations DC_48A_(n)48AA and DC_48A-48A_n48A with the following three configurations
· DL DC_48A_(n)48AA with UL DC_48A_n48A
· DL DC_48A_(n)48AA with UL DC_48A_n48A
· DL DC_48A-48A_n48A with UL DC_48A_n48A


Table 4. Comparison of different intraBandENDC-Support definition
Conclusion
The proposals in this contribution are summarized in the following.
Proposal 1: To follow TS38.101-3 Table 5.3B.1.2-1 and Table 5.3B.1.3-1 as intraBandENDC-Support definition, the UE should report the additional band combination DC_48A_n48A to support the following configurations.
· DL DC_(n)48CA with UL DC_48A_n48A
· DL DC_(n)48DA with UL DC_48A_n48A
Proposal 2: If proposal 1 is not agreed, it is proposed to introduce a new UE capability signaling to indicate UL configuration based on the definition in proposal 1.
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