3GPP TSG-RAN WG2 Meeting #119bis-e	R2-2210765
Electronic Meeting, October 10 – October 19, 2022 

Agenda item:	5
[bookmark: _GoBack]Source:            	Google Inc., Comcast, CableLabs
Title:                	Discussion on Intra-Band EN-DC band combinations
Document for:	Approval
Introduction
In RAN4#104-e meeting, two cases Case 3 and Case 4 for intra-band EN-DC band combinations have been discussed. For Case4, in order to distinguish DC_48A_(n)48AA from DC_48A-48A_n48A, the Rel-16 CR [12] and Rel-17 CR [11] have been agreed to move DC_48A_(n)48AA with UL DC_(n)48AA and UL DC_48A_n48A from the table for intra-band non-contiguous EN-DC to a new table for mixed intra-band contiguous and non-contiguous EN-DC in TS 38.101-3. However, there are still remaining issue about ambiguous UL configuration for Case 3 and Case 4. RAN4 also discusses the possible solutions in the LS to RAN2 [3] but there is still no consensus.
· 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
 

In RAN#97-e, the remaining issue continue being discussed and the Way Forward has been approved in the following.  From RAN guidance in RAN#97-e, RAN4 and RAN2 is tasked to have more discussion in 2022-Q4 to at least check whether Case 3 and Case 4 are valid configuration from RAN4 and RAN2 perspective. Furthermore, if these configurations are valid, whether a solution is necessary in RAN2 would be also discussed. In this paper, we would like to share our view in the following.
[RAN#97-e][RP-222594] Moderator's summary for discussion [97e-34-IntraBand-ENDC-Comb]	RAN vice-chair (AT&T)

Conclusion: 

Moderator Way Forward:
· RAN tasks RAN4 and RAN2 to have more discussion in Q4 to check the inconsistency issue described in RP-222646 [2]. At least, two issues should be addressed.
· Whether configurations in Case 3 and Case 4 are valid from RAN4 and RAN2 point of view respectively.
· In the case of configuration in Case 3 and/or in case of configuration in Case 4 are(is) confirmed as valid, whether 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.

Discussion
Configurations for Case 3 and Case 4 
For CBRS band b48/n48, the channel allocation is determined by CBRS Spectrum Access System (SAS) according to FCC Part 96 regulation. In one example, there may be a possible scenario that the network is first granted with three contiguous spectrum and then the middle spectrum would be turned off by SAS because of Tier-1 incumbent access users or higher interference. When the network gets the notification from SAS, it would be flexible to have the contiguous DL configuration DC_(n)48CA with non-contiguous UL configuration DC_48A_n48A and only release the middle spectrum by RRC reconfiguration without impact to UL carrier. In another example, there may be a possible scenario that the network is first granted with two non-contiguous spectrum and then one spectrum which is contiguous to one of non-contiguous spectrum is granted by SAS. In this case, it would be flexible to have the non-contiguous DL configuration DC_48A_(n)48AA with non-contiguous UL configuration DC_48A_n48A and only use the new spectrum for SCell addition by RRC reconfiguration without impact to LTE UL carrier. In another example, there may be a possible scenario that the network is first granted with two contiguous spectrum and then one spectrum which is non-contiguous to these two contiguous spectrum is granted by SAS. In this case, it would be flexible to have the non-contiguous DL configuration DC_48A_(n)48AA with contiguous UL configuration DC_(n)48AA and only use the new non-contiguous spectrum for SCell addition by RRC reconfiguration without impact to LTE UL carrier.
Although there is an argument about fallback rule definition on Case 3 and Case 4 in RAN#97-e, we think it should not prevent the UE from supporting any DL/UL configurations as long as the UE follows the fallback rule to indicate every supported configuration.
Proposal 1: The following intra-band EN-DC DL/UL configurations are valid configurations.
· 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
· DL DC_48A_(n)48AA with UL DC_(n)48AA
Solutions for Case 3 and Case 4
The IE intraBandENDC-Support in the UE capability signaling 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 indicating 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 can know that the UE can support DC_(n)48AA if intraBandENDC-Support=not reported(contiguous) or that the UE can support DC_48A_n48A if intraBandENDC-Support=non-contiguous. At the same time, there is also no problem for the network to know about DL EN-DC and UL EN-DC configuration in 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 intra-band DL EN-DC and UL EN-DC configuration in some scenarios if the total intra-band EN-DC carriers is above two. For example, as the issue point in Case 3, if the UE reports LTE CA_48C and NR n48A with intraBandENDC-Support=not reported(contiguous) to the network, it is clear that the UE can support intra-band contiguous DL DC_(n)48CA with contiguous UL DC_(n)48AA but it is not clear whether non-contiguous UL DC_48A_n48A can be supported or not. In another example, as the issue point in Case 4, if the UE reports LTE CA_48A-48A and NR n48A with intraBandENDC-Support=both to the network, the network does not know whether the UE can support both intra-band non-contiguous DL DC_48A_(n)48AA with intra-band contiguous UL DC_48A_n48A and intra-band contiguous UL DC_(n)48AA or either of them.
Table 1 summarizes the relation between the IE intraBandENDC-Support and DL/UL EN-DC configuration for all intra-band b48/n48 EN-DC band combinations by using TS38.101-3 Table 5.3B.1.2-1, Table 5.3B.1.3-1 and Table 5.3B.1.3-2 as the definition for IE intraBandENDC-Support. 

	Band Combination
	UE Capability
	DL/UL EN-DC Configuration
	Comments

	
	LTE-DL
	LTE-UL
	NR-DL
	NR-UL
	intraBandENDC-Support
	DL EN-DC Configuration
	UL EN-DC 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 signaling

	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 signaling

	DC_48A_(n)48AA
	48A-48A
	48A
	n48A
	n48A
	both
	DC_48A_(n)48AA
	DC_(n)48AA
	Non-contiguous combination supports fallback to contiguous combination and UL configuration DC_(n)48AA can be supported

	DC_48A_(n)48AA
	48A-48A
	48A
	n48A
	n48A
	both
	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 1. intraBandENDC-Support definition to follow 38.101-3 Table 5.3B.1.2-1, Table 5.3B.1.3-1 and Table 5.3B.1.3-2
For Case 3, intraBandENDC-Support=not reported(contiguous) with contiguous DL EN-DC configuration and non-contiguous UL EN-DC configuration such as DL DC_(n)48CA and DL DC_(n)48DA with UL DC_48A_n48A, it is feasible to follow fallback band combination rule in TS38.306 to support non-contiguous UL EN-DC configuration from implementation perspective if the UE reports an additional band combination DC_48A_n48A. 

For example, DC_(n)48AA is the valid fallback band combination from DC_(n)48CA but DC_48A_n48A is not a valid fallback band combination from DC_(n)48AA due to the fallback band combination definition - “ 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, the only fallback combination from DC_(n)48CA is DC_(n)48AA but not DC_48A_n48A and the UE which reports an additional band combination also does not violate fallback band combination definition in TS38.306. Hence, from our viewpoint, the UE can report the additional band combination DC_48A_n48A to support the configuration DL DC_(n)48CA with UL DC_48A_n48A and DL DC_(n)48DA with UL DC_48A_n48A. In addition, the other feasible method to support this configuration is to introduce a new UE capability signaling to the network. 

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).


Observation 1: The intra-band EN-DC combination to support contiguous DL EN-DC configuration with non-contiguous UL EN-DC configurations by reporting an additional band combination does not violate the fallback band combination rule.
For Case 4, intraBandENDC-Support=both with mixed intra-band contiguous and non-contiguous EN-DC such as DL DC_48A_(n)48AA with UL DC_(n)48AA and UL DC_48A_n48A, the UE can support this DL/UL EN-DC configuration by following the fallback band combination rule definition which can be inferred that “an intra-band contiguous band combination is considered to be a fallback band combination of an intra-band non-contiguous band combination”.  DC_(n)48AA and DC_48A_n48A are the fallback band combination from DC_48A_(n)48AA which means that the UE which supports DC_48A_(n)48AA can also support DC_(n)48AA and DC_48A_n48A. Hence, there is no issue for the band combination DC_48A_(n)48AA to have the configuration DL DC_48A_(n)48AA with UL DC_(n)48AA and UL DC_48A_n48A without reporting any additional band combination or introducing a new UE capability signaling.

Observation 2: An intra-band contiguous band combination is considered to be a fallback band combination of an intra-band non-contiguous band combination. Hence, there is no issue for the band combination DC_48A_(n)48AA to have the configuration DL DC_48A_(n)48AA with UL DC_(n)48AA and UL DC_48A_n48A.
From the above discussion, there is no configuration issue for the Case 4 and the ambiguity issue needed to be solved is only on Case 3. In our viewpoint, considering the non-backward compatible issue and no ambiguity issue in Rel-15 band combinations, we propose a compromise solution for Case 3 which is to report an addition band combination in Rel-16 and Rel-17 and to introduce a UE capability signaling in Rel-18.  
Proposal 2: For Case 3, we propose the following compromise solutions.
· In Rel-16 and Rel-17, report an additional band combination to support the Case 3 configurations.
· In Rel-18, introduce a UE capability signaling to support the Case 3 configurations.
Conclusion
The observations and proposals in this contribution are summarized in the following.
Proposal 1: The following intra-band EN-DC DL/UL configurations are valid configurations.
· 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
· DL DC_48A_(n)48AA with UL DC_(n)48AA
Observation 1: The intra-band EN-DC combination to support contiguous DL EN-DC configuration with non-contiguous UL EN-DC configurations by reporting an additional band combination does not violate the fallback band combination rule.
Observation 2: An intra-band contiguous band combination is considered to be a fallback band combination of an intra-band non-contiguous band combination. Hence, there is no issue for the band combination DC_48A_(n)48AA to have the configuration DL DC_48A_(n)48AA with UL DC_(n)48AA and UL DC_48A_n48A.
Proposal 2: For Case 3, we propose the following compromise solutions.
· In Rel-16 and Rel-17, report an additional band combination to support the Case 3 configurations.
· In Rel-18, introduce a UE capability signaling to support the Case 3 configurations.
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