3GPP TSG-RAN WG4 Meeting #105	R4-2218284
Toulouse, France, November 14 – November 18, 2022

Agenda item:	11.3
Source:            	Google Inc., CableLabs, Federated Wireless
Title:                	Discussion on Intra-Band EN-DC band combinations
Document for:	Approval
Introduction
In RAN4#104bis-e meeting, due to RAN tasking to RAN4, two configurations Case 3 and Case 4 for intra-band EN-DC band combinations have been discussed. Case 3 is the intra-band contiguous DL EN-DC configuration with intra-band non-contiguous UL EN-DC configuration, and Case 4 is the intra-band non-contiguous DL EN-DC configuration which LTE and NR adjacent carriers are contiguous with intra-band contiguous UL EN-DC configuration and intra-band non-contiguous UL EN-DC configuration. 
· Case 3: All CCs are contiguous in DL but neither carrier is contiguous to each other in UL:
EN-DC
configuration
Uplink EN-DC
configuration
DC_(n)41AB
DC_(n)41CA
DC_(n)41DA
DC_41A_n41A
DC_(n)48CA
DC_48A_n48A
DC_(n)48DA
DC_48A_n48A
· Case 4: LTE and NR adjacent carriers are contiguous but carriers in LTE or NR are non-contiguous, it will has two kinds of UL ENDC configurations:
EN-DC
configuration
Uplink EN-DC
configuration
DC_48A_(n)48AA
DC_(n)48AA
DC_48A_n48A
· DL DC_48A_(n)48AA with UL DC_(n)48AA
· DL DC_48A_(n)48AA with UL DC_48A_n48A
 

The WF has been approved by RAN4 to keep b48+n48 for case 3 and case 4 as valid configurations and to remove case 3 for b41+n41. Besides, RAN4 also agree to seek the solution for case 3 and case 4.
Agreement:
· Keep b48+n48 in the RAN4 specification as it is
· RAN4 seeks the solution to make such band combination workable. Depending on the solution, RAN4 decide how to handle this band combination in the specification.
· It is agreed that Case 3 for b41+n41 to be removed


For Case 3, it is agreed in the WF to indicate Case 3 configuration by existing signaling before Rel-18 and considering introduce a new signaling in Rel-18. Two options and interpretations are captured in the WF but some companies still have different view for Case 3 solution.   
Issue 1-3-1: Solutions for Case 3
WF are as below:
· Consider design new signalling in Rel-18 for Case3 if necessary and detailed signalling design is up to RAN2. And rely existing signalling to indicate Case 3 before Rel-18.
· FFS following solutions in next meeting
· Option 2b: In Rel-16 and Rel-17, report an additional band combination DC_48A_n48A in both UL and DL to support the Case 3 configurations DL DC_(n)48CA with UL DC_48A_n48A and DL DC_(n)48DA with UL DC_48A_n48A, i.e. 
UE indicate “contiguous” capability for DL DC_(n)48CA with UL DC_(n)48AA
UE additionally indicate “non-contiguous” capability for DC_48A_n48A in both UL and DL
· Interpretation A: 
Case 3 is considered as exceptional configuration with DC_48A_n48A in UL and DC_(n)48CA in DL, and a NOTE can be added in RAN4 spec to clarify this.
· Interpretation B: 
DL DC_48A_n48A is not considered as a fallback combination of DC_(n)48CA, but only a lower order combination of DC_(n)48CA.
· [bookmark: _Hlk116985800]Option 2c: In Rel-16 and Rel-17, UE shall also support non-contiguous operation in the DL (DC_48C_n48A), then the network can configure DL_(n)48CA with the middle LTE cell DL-only and the UL with a gap (non-contiguous)


For Case4, three options which include using existing signaling in Rel-16 and Re-17 and introducing a new signaling in Rel-18 are captured in the WF. However, for the solutions in Rel-16 and Rel-17, there are still different views on how to interpret the mapping between intraBandENDC-Support={contiguous, non-contiguous, both} and case 4 configuration, and different views on whether to introduce a new signaling in Rel-18. 
[bookmark: _Hlk117093498]Issue 1-3-2: Solutions for Case 4
WF are as below:
·  FFS following solutions in next meeting
· Option 2b: Rel-16 and 17 combinations of contiguous and non-contiguous intra-band EN-DC should be limited to two sub-blocks one of which consists of a contiguous EN-DC configuration in table Table 5.3B.0-1 in 38.101-3. For these the UE must support both contiguous and non-contiguous EN-DC in the UL, i.e.
· UE indicate “both” capability for DL DC_48A_(n)48AA with UL DC_(n)48AA and UL DC_48A_n48A
· [bookmark: _Hlk117095336]Option 2c: In Rel-16 and Rel-17, report an additional band combination DC_48A_n48A in both UL and DL to support the Case 4 configuration DL DC_48A_(n)48AA with UL DC_48A_n48A and DC_(n)48AA with UL DC_48A_n48A, i.e.
· [bookmark: _Hlk117095987]UE indicate “contiguous” capability for DL DC_48A_(n)48AA with UL DC_(n)48AA
· [bookmark: _Hlk117095404]UE additionally indicate “non-contiguous” capability for DC_48A_n48A in both UL and DL
· Option 3: New signalling
· A solution is necessary in RAN2 to address the ambiguity issue for configurations on some intra-band EN-DC band combinations with more than 2 carriers from Rel-15.

In this paper, we would like to share our view in the following.
Discussion
Solution for Case 3
In Table 1, we summarize all low order configurations for Case 3 configurations DL DC_(n)48CA/DC_(n)48DA with UL DC_(n)48AA and UL DC_48A_n48A. According to the fallback band combination definition in TS38.306, it is defined that “An intra-band non-contiguous band combination is not considered to be a fallback band combination of an intra-band contiguous band combination”. Hence, all low order configurations for Case 3 can be divided into two categories which are fallback low order configurations and non-fallback low order configurations. The fallback low order configurations are captured as Note-1 in Table 1 and the non-fallback low order configurations are captured as Note-2, Note3 and Note-4.
Fallback band combination: A Uu band combination that would result from another Uu band combination (parent band combination) by releasing at least one SCell or uplink configuration of SCell, or SCG, or SUL. A PC5 band combination that would result from another PC5 band combination (parent band combination) by releasing at least one sidelink carrier. An intra-band non-contiguous band combination is not considered to be a fallback band combination of an intra-band contiguous band combination. A fallback band combination supports the same channel bandwidth(s) for each carrier as its parent band combination(s).

For fallback low order chain with Note-1, the UE which indicates [LTE:CA_48D, NR:n48A, intraBandENDC-Support=not reported(contiguous)] to the network can support all the configurations including DL DC_(n)48DA with UL DC_(n)48AA, the first low order configuration DL DC_(n)48CA with UL DC_(n)48AA and the second low order configuration DL DC_(n)48AA with UL DC_(n)48AA. Similarly, the UE which indicates [LTE:CA_48C, NR:n48A, intraBandENDC-Support=not reported(contiguous)] to the network can support all the configurations including DL DC_(n)48CA with UL DC_(n)48AA and the first low order configuration DL DC_(n)48AA with UL DC_(n)48AA. 
For non-fallback low order chain with Note-2, the UE which indicates [LTE CA_48D, NR n48A, intraBandENDC-Support=not reported(contiguous)] to the network does not imply that the UE supports the configurations DL DC_(n)48DA with UL DC_48A_n48A, the first low order configuration DL DC_(n)48CA with UL DC_48A_n48A and the second low order DL DC_48A_n48A with UL DC_48A_n48A. The UE should additionally indicate “DL DC_48A_n48A with UL DC_48A_n48A” such as [LTE:48A, NR:n48A, intraBandENDC-Support=non-contiguous] to enable these non-fallback configurations. Similarly, the UE which indicates [LTE:CA_48C, NR:n48A, intraBandENDC-Support=not reported(contiguous)] to the network does not imply that the UE supports the configurations DL DC_(n)48CA with UL DC_48A_n48A and the first low order configuration DL DC_48A_n48A with UL DC_48A_n48. The UE should additionally indicate “DL DC_48A_n48A with UL DC_48A_n48A” such as [LTE:48A, NR n48A, intraBandENDC-Support=non-contiguous] to enable these non-fallback configurations. 
For non-fallback low order chain with Note-3, the UE which indicates [LTE:CA_48D, NR:n48A, intraBandENDC-Support=not reported(contiguous)] to the network does not imply that the UE supports the configurations DL DC_(n)48DA with UL DC_48A_n48A, the first low order configuration DL DC_48C_n48A with UL DC_48A_n48A and the second low order DL DC_48A_n48A with UL DC_48A_n48. The UE should additionally indicate both “DL DC_48C_n48A with UL DC_48A_n48A” such as [LTE:CA_48C, NR:n48A, intraBandENDC-Support=non-contiguous] and “DL DC_48A_n48A with UL DC_48A_n48A” such as [LTE:CA_48A, NR:n48A, intraBandENDC-Support=non-contiguous] to enable these non-fallback configurations. 
For non-fallback low order chain with Note-4, the UE which indicates [LTE:CA_48D, NR:n48A, intraBandENDC-Support=not reported(contiguous)] to the network does not imply that the configurations DL DC_(n)48DA with UL DC_48A_n48A, the first low order configuration DL DC_48A_(n)48AA with UL DC_48A_n48A and the second low order DL DC_48A_n48A with UL DC_48A_n48. The UE should additionally indicate both “DL DC_48A_(n)48AA with UL DC_48A_n48A” such as [LTE:CA_48A-48A, NR:n48A, intraBandENDC-Support=non-contiguous or both (depending on Case 4 solution)] and “DL DC_48A_n48A with UL DC_48A_n48A” such as [LTE:48A, NR:n48A, intraBandENDC-Support=non-contiguous] to enable these non-fallback configurations.
In summary, to support Case 3 configuration, if the UE indicates [LTE:CA_48D, NR:n48A, intraBandENDC-Support=not reported(contiguous)] and additionally indicates “DL DC_48C_n48A with UL DC_48A_n48A” such as [LTE:CA_48C, NR:n48A, intraBandENDC-Support=non-contiguous], the configuration DL DC_(n)48DA with UL DC_48A_n48A, the first low order configuration DL DC_(n)48CA with UL DC_48A_n48A and the second low order DL DC_48A_n48A with UL DC_48A_n48A are all supported by the UE. As for other first lower configurations such as DL DC_48C_n48A with UL DC_48A_n48A and DC_48A_(n)48AA with UL DC_48A_n48A, it is not mandatory for the UE to support these two configurations without any corresponding additional signaling reporting. 

Proposal 1: For Case 3, we propose the following solution
· In Rel-16 and Rel-17
· Report an additional band combination “DL DC_48A_n48A with UL DC_48A_n48A” to support Case 3 configuration
· For the configuration DL DC_(n)48DA with UL DC_48A_n48A, whether to support the first low order configurations DL DC_48C_n48A with UL DC_48A_n48A and/or DC_48A_(n)48AA with UL DC_48A_n48A should depend on the corresponding UE capability signaling reporting.
· In Rel-18
· Whether introduce a new UE capability signaling to support the Case 3 configuration should follow the majority view in RAN4.
	Case 3 Configuration for b48+n48
(LTE:CA_48D/CA_48C, NR:n48A, intraBandENDC-Support=not reported(contiguous))

	DL EN-DC Configuration 
	UL EN-DC Configuration 
	First Low Order DL Configuration
	First Low Order UL Configuration
	Second Low Order DL Configuration
	Second Low Order UL Configuration
	Note

	DC_(n)48DA 
	DC_(n)48AA 
	DC_(n)48CA 
	DC_(n)48AA 
	DC_(n)48AA 
	DC_(n)48AA
	Note-1

	DC_(n)48DA 
	DC_48A_n48A 
	DC_(n)48CA
	DC_48A_n48A
	DC_48A_n48A
	DC_48A_n48A
	Note-2

	
	
	DC_48C_n48A
	DC_48A_n48A
	DC_48A_n48A
	DC_48A_n48A
	Note-3

	
	
	DC_48A_(n)48AA
	DC_48A_n48A
	DC_48A_n48A
	DC_48A_n48A
	Note-4

	DC_(n)48CA 
	DC_(n)48AA 
	DC_(n)48AA 
	DC_(n)48AA 
	
	
	Note-1

	DC_(n)48CA 
	DC_48A_n48A
	DC_48A_n48A
	DC_48A_n48A
	
	
	Note-2

	Note-1: The low order configurations follow fallback band combination rule
Note-2: The low order configurations does not follow fallback band combination rule and additional signaling reporting  for DL DC_48A_n48A with UL DC_48A_n48A can be used to support these low order configurations
Note-3: The low order configurations does not follow fallback band combination rule and additional signaling reporting for DL DC_48A_n48A with UL DC_48A_n48A and DL DC_48C_n48A with UL DC_48A_n48A can be used to support these low order configurations
Note-4: The low order configurations does not follow fallback band combination rule and additional signaling reporting for DL DC_48A_n48A with UL DC_48A_n48A and DL DC_48A_(n)48AA with UL DC_48A_n48A can be used to support these low order configurations


Table 1. Low order configurations for b48+n48 Case 3 configuration

Solutions for Case 4
In Table 2, we summarize how to interpret intraBandENDC-Support for Option 2b and Option 2c in Case 4 solutions when the UE indicates [LTE:CA_48A-48A, NR:n48A] to the network. 
For Option 2b, the interpretation of intraBandENDC-Support is to follow 38.101-3 Table 5.3B.1.2-1, Table 5.3B.1.3-1 and Table 5.3B.1.3-2. There is no intra-band DL/UL EN-DC configuration mapping to intraBandENDC-Support=not reported(contiguous), so it is not allowed to indicate intraBandENDC-Support=not reported(contiguous). The configuration DL DC_48A-48A_n48A with UL DC_48A_n48A can be indicated by intraBandENDC-Support=non-contiguous, and the Case 4 configuration can be indicated by intraBandENDC-Support=both. 
For Option 2c, the basic idea for the interpretation of intraBandENDC-Support is to use UL configuration to differentiate contiguous or non-contiguous for intra-band EN-DC band combination. Different from Option 2b, the configuration DL DC_48A-(n)48AA with UL DC_(n)48AA can be indicated by intraBandENDC-Support=not reported(contiguous), and  the configuration DL DC_48A-(n)48AA with UL DC_48A_n48A can be indicated by intraBandENDC-Support=non-contiguous. Both the configuration DL DC_48A-48A_n48A with UL DC_48A_n48A and Case 4 configuration can be indicated by intraBandENDC-Support=both. In addition, the exact Case 4 configuration can be indicated by intraBandENDC-Support=not reported(contiguous) and the additional signaling reporting “DL DC_48A_n48A with UL DC_48A_n48A” such as [LTE:48A, NR:n48A, intraBandENDC-Support=non-contiguous]. 
	Case 4 Configuration for b48+n48
(LTE:CA_48A-48A, NR:n48A)

	Solution
	intraBandENDC-Support
	DL EN-DC Configuration 
	UL EN-DC Configuration 

	Option 2b
	contiguous
	Not allowed.
	Not allowed.

	
	non-contiguous
	DC_48A-48A_n48A 
	DC_48A_n48A

	
	both (Case 4)
	DC_48A_(n)48AA
	DC_(n)48AA
DC_48A_n48A

	Option 2c
	contiguous
	DC_48A-(n)48AA
	DC_(n)48AA

	
	non-contiguous
	DC_48A-(n)48AA
	DC_48A_n48A

	
	both
	DC_48A_(n)48AA  
	DC_(n)48AA
DC_48A_n48A

	
	
	DC_48A-48A_n48A
	DC_48A_n48A

	
	contiguous+additional signaling DL DC_48A_n48A with UL DC_48A_n48A (Case 4)
	DC_48A_(n)48AA  
	DC_(n)48AA
DC_48A_n48A

	Proposed Solution
	contiguous
	DC_48A-(n)48AA
	DC_(n)48AA

	
	non-contiguous
	DC_48A-48A_n48A 
	DC_48A_n48A

	
	both (Case 4)
	DC_48A_(n)48AA
	DC_(n)48AA
DC_48A_n48A


Table 2. intraBandENDC-Support for b48+n48 Case 4 configuration
In our view point, both Option 2b and Option 2c are workable solutions. However, in order to reduce the coupled relation  between intraBandENDC-Support and intra-band DL/UL EN-DC configuration, we propose the compromised solution that the intra-band DL/UL EN-DC configuration for intraBandENDC-Support=not reported(contiguous) in Option 2b can be replaced with Option 2c. Which means that the configuration DL DC_48A-(n)48AA with UL DC_(n)48AA can be indicated by intraBandENDC-Support=not reported(contiguous), and  the configuration DL DC_48A-48A_n48A with UL DC_48A_n48A can be indicated by intraBandENDC-Support=non-contiguous. The Case 4 configuration can be indicated by intraBandENDC-Support=both.  
Proposal 2: For Case 4, we propose the following solution
· In Rel-16 and Rel-17
· The configuration DL DC_48A-(n)48AA with UL DC_(n)48AA can be indicated by intraBandENDC-Support=not reported(contiguous)
· The configuration DL DC_48A-48A_n48A with UL DC_48A_n48A can be indicated by intraBandENDC-Support=non-contiguous
· The Case 4 configuration DL DC_48A-(n)48AA with UL DC_(n)48AA and DL DC_48A-(n)48AA with UL DC_48A_n48A can be indicated by intraBandENDC-Support=both
· In Rel-18
· Whether introduce a new UE capability signaling to support the Case 4 configurations depends on Case 3 solution in Rel-18.
Conclusion
The observations and proposals in this contribution are summarized in the following.
Proposal 1: For Case 3, we propose the following solution
· In Rel-16 and Rel-17
· Report an additional band combination “DL DC_48A_n48A with UL DC_48A_n48A” to support Case 3 configuration
· For the configuration DL DC_(n)48DA with UL DC_48A_n48A, whether to support the first low order configurations DL DC_48C_n48A with UL DC_48A_n48A and/or DC_48A_(n)48AA with UL DC_48A_n48A should depend on the corresponding UE capability signaling reporting.
· In Rel-18
· Whether introduce a new UE capability signaling to support the Case 3 configuration should follow the majority view in RAN4.
Proposal 2: For Case 4, we propose the following solution
· In Rel-16 and Rel-17
· The configuration DL DC_48A-(n)48AA with UL DC_(n)48AA can be indicated by intraBandENDC-Support=not reported(contiguous)
· The configuration DL DC_48A-48A_n48A with UL DC_48A_n48A can be indicated by intraBandENDC-Support=non-contiguous
· The Case 4 configuration DL DC_48A-(n)48AA with UL DC_(n)48AA and DL DC_48A-(n)48AA with UL DC_48A_n48A can be indicated by intraBandENDC-Support=both
· In Rel-18
· [bookmark: _GoBack]Whether introduce a new UE capability signaling to support the Case 4 configuration depends on the Case 3 solution in Rel-18.
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