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1 Introduction
The discussion on the inconsistency issue for intraBandENDC-Support is triggered by RAN#97e.
	RAN tasks RAN4 and RAN2 to have more discussion in Q4 to check the inconsistency issue described in RP-222646 [1]. 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.


The two cases to be discussed are as follows.

· 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)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


The conclusions of RAN4 October meeting are as follows
	WF are as below:
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
WF are as below:
· It is agreed that Case 4 is a valid scenario

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.

· 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, 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 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

· 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.
· UE indicate “contiguous” capability for DL DC_48A_(n)48AA with UL DC_(n)48AA

· 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 contribution, we discuss the validity of the Case 3 and analyze the candidate solutions to both the cases. 
2 Discussion
The band combinations specified in the TS38.101-3 are based on the requirements in the perspective of usable spectrum and deployment consideration. And from the view of Google as commented in [2] Case 3 would benefit GAA scenarios for band n48 due to dynamic channel allocation. 

The band combination that network configures to the UE depends on the UE implementation and the information that the UE reports, including capability of continuity, the supported band combinations

The understanding of fallback rule in TS38.306
As for whether the band combinations in Case 3 violate the definition of Fallback band combination in TS38.306, our understanding is ‘no’. When UE reports the supported band combinations, it is not necessary to report the related fallback band combinations. For example, if the UE reports Downlink EN-DC configuration of DC_(n)48DA and Uplink EN-DC configuration of DC_(n)48AA, by default, it also supports and is not expected to report the fallback combinations of DC_(n)48CA, DC_(n)48AA. The UE doesn't report to support the lower order contiguous band combination of the parent higher order contiguous band combination. The fallback rule is to alleviate the burden of UE to report redundant BC that the UE supports, and it is not a restriction to deployment scenario. Therefore, we don't think Case 3 violate the fallback rule. 
	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 fallback rule in TS38.306 is used for UEs to report fewer UE capability signalings instead of restricting deployment scenarios. The deployment scenario of Case 3 doesn’t violate the rule.
As for Issue 1-2-2 in the discussion [3], ‘in a band combination, the UL configuration is either the same as DL configuration or belongs to the DL fallback configurations’, in our opinion, UL configuration is not the fallback of DL configuration. In RAN4 spec, the UE capabilities of fallback band combination are the same as the higher order parent combinations. And the fallback combinations of DL and UL are separate. For example, in the description inter-band EN-DC, the fallback of UL configuration and the fallback of DL configuration are independent. The lower order DL configurations include the lower-order fallback configuration and lower-order non-fallback configuration. And the UL configuration is decoupled from DL configurations.

	A terminal which supports an inter-band EN-DC or NE-DC configuration with a certain UL configuration shall support the all lower order DL configurations of the lower order EN-DC or NE-DC combinations, which have this certain UL configuration and the fallbacks of this UL configuration.


It is not our aim to prevent supporting the band combination in demand just to accommodate the mis-interpreted rule. The rules should serve need, rather than the needs serve rules. The only contradiction in both Case 3 and Case 4 is that the continuity of UL and DL configurations are different, but the contiguity capability is reported by the single signalling ‘intraBandENDC-Support’ for both UL and DL. The UE can hardly report the band combinations with existing signalling, which makes the gNB more difficult to configure the band combination. The essential reason is that the UE capabilities for UL and DL are determined by UE architecture/implementation for UL/DL separately, and the corresponding capabilities of UL and DL are reported separately.  

Observation 2: In RAN4 spec, the fallback combinations means the UE capabilities are the same as the higher order combinations, while the UE capabilities for UL and DL are determined by UE architecture/implementation for UL/DL separately. Thus UL configurations in terms of UE capability may not be the fall back of DL configurations.
The UE capabilities to support intra-band EN-DC band combinations
The MR-DC band combinations would be reported by the UE capability with IE BandCombinationList. In the IE BandParameters, the bandwidth class of LTE and NR are separately reported, which would form several candidate band combinations. UE signals the contiguity of LTE and NR carriers for each reported band combination with the IE intraBandENDC-Support in MRDC-Parameters. 
BandCombination ::=                 SEQUENCE {

    bandList                            SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParameters,

    featureSetCombination               FeatureSetCombinationId,

    ca-ParametersEUTRA                  CA-ParametersEUTRA                          OPTIONAL,

    ca-ParametersNR                     CA-ParametersNR                             OPTIONAL,

    mrdc-Parameters                     MRDC-Parameters                             OPTIONAL,

    supportedBandwidthCombinationSet    BIT STRING (SIZE (1..32))                   OPTIONAL,

powerClass-v1530                    ENUMERATED {pc2}                            OPTIONAL
}
BandParameters ::=                      CHOICE {

    eutra                               SEQUENCE {

        bandEUTRA                           FreqBandIndicatorEUTRA,

        ca-BandwidthClassDL-EUTRA           CA-BandwidthClassEUTRA                 OPTIONAL,

        ca-BandwidthClassUL-EUTRA           CA-BandwidthClassEUTRA                 OPTIONAL
    },

    nr                                  SEQUENCE {

        bandNR                              FreqBandIndicatorNR,

        ca-BandwidthClassDL-NR              CA-BandwidthClassNR                    OPTIONAL,

        ca-BandwidthClassUL-NR              CA-BandwidthClassNR                    OPTIONAL
    }

}

MRDC-Parameters ::= SEQUENCE {

    ...,

[[
….
    dualPA-Architecture                 ENUMERATED {supported}              OPTIONAL,

    intraBandENDC-Support               ENUMERATED {non-contiguous, both}   OPTIONAL,
    ]]

}

	supportedBandCombinationList
Defines the supported NR and/or MR-DC band combinations by the UE. For each band combination the UE identifies the associated feature set combination by featureSetCombinations index referring to featureSetCombination. A fallback band combination resulting from the reported CA and MR-DC band combination is not signalled but the UE shall support it. For intra-band non-contiguous CA band combinations, the UE only includes one band combination, and exclude the others for which the presence of uplink CA bandwidth class in the band combination entry is different. One band combination entry can also indicate support of any other possible permutations in the presence of uplink CA bandwidth class where a paired downlink CA bandwidth class is the same or where the number of UL CCs is smaller than the one of paired DL CCs expressed by the CA bandwidth class, as specified in TS 36.306 [15]. For these band combinations not included in the capability, the supported feature set is the same as the ones for the band combination included in the UE capability.
	BC
	CY
	N/A
	N/A



Observation 3: The bandwidth class for contiguous and non-contiguous CA of UL and DL are reported separately for each reported band combination. The IE intraBandENDC-Support in MRDC-Parameters is used to indicate the contiguity of LTE and NR carriers for each reported MR-DC band combination. 
The reported signalling of intra-band EN-DC configurations for b48+n48 are shown as follows with conditions that intra-bandENDC-Support indicating ‘non-contiguous’, ’both’ or the IE is not included. The IE ca-BandwidthClassDL-EUTRA indicating B/C means that the carrier aggregation configuration is a single operating band supporting an LTE carrier aggregation with two contiguous CCs, as illustrated in Figure 1, Figure 2 and Figure 3. 
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Figure 1 the reported signalling of DL DC_(n)48CA and UL DC_(n)48AA
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Figure 2 the reported signalling of DL DC_48C_n48A with UL DC_48A_n48A
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Figure 3 the reported signalling of DL DC_(n)48CA with UL DC_48A_n48A
Among the reported band combinations, the network would choose one band combination with paired UL and DL configurations and configure to the UE. For example, the UE reports two band combinations:

(a) DL DC_(n)48CA and UL DC_(n)48AA, as illustrated in Figure 1
(b) DL DC_48A_n48A with UL DC_48A_n48A

The network would configure the band combination of either (a) or (b). It is not possible for the network to configured UL configuration in (b) and DL configuration in (a) as described in Solution option 2b. Option 2b is not feasible. 

For the candidate solution Option 2c to Case 3, the DL configuration of DC_48C_n48A and DC_(n)48CA are reported with BandCombination signalings illustrated in Figure 2 and Figure 1 respectively. The problem of Option 2c is the same as that of Option 2b.

Observation 4: It is not specified by RAN2 for the network to configured UL configuration in one BC and DL configuration in another BC referring different UE capability. Cross capability among band combinations would cause the issue of backward compatibility.
Proposal 1: Solutions of Option 2b and Option 2c have the problem of NBC. 
If the intraBandENDC-support indicates ‘both’ as shown in Figure 3, it can be interpreted as the LTE and NR carriers in the UL configurations is contiguous, and the DL configurations is non-contiguous, or reversely. There are two possible band combinations, (1) DL DC_(n)48CA with UL DC_48A_n48A, (2) DL DC_48C_48A with UL DC_(n)48AA. The band combination (2) is not a valid case, because there is no corresponding DL carrier for the LTE UL carrier. However, the interpretation of the existing signalling of band combination (1) needs clarification in spec. 

The band combination of Case 4 can be reported with the example signalling shown in Figure 5. The two band entries ca-BandwidthClassDL-EUTRA indicating A(0) and A(1) respectively means that the carrier aggregation configuration is a single operating band supporting two sub-blocks, each supporting an LTE carrier aggregation with one CC, and the two CCs are non-contiguous, as illustrated in Figure 4 and Figure 5.
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Figure 4 the reported signalling of DL DC_48A-48A_n48A with UL DC_48A_n48A
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Figure 5 the reported signalling of DL DC_48A_(n)48AA with UL DC_(n)48AA or with UL DC_48A_n48A 

After receiving the signalling shown in Figure 5, the network cannot distinguish which band combination the UE supports, (1) DL DC_48A_(n)48AA with UL DC_(n)48AA, or (2) DL DC_48A_(n)48AA with UL DC_48A_n48A. The UE must support both contiguous and non-contiguous in UL. Considering implementation, not all of UEs is able to support non-contiguous in UL, and for the UEs only support contiguous in UL cannot be configured with the band combination (2) above. And Option 2b could not apply to some kinds of UEs. The solution of Option 2c to Case4 is the same as the solution of Option 2b to Case 3. The discussed cases are not currently supported by signalling and new signalling is needed.
Proposal 2: The discussed cases are cannot be well supported by existing signalling w/o NBC issue and new signalling is needed.
Proposal 3: With consideration of NBC issue, whether to use existing signalling or new signalling with early implementation to address the inconsistent configuration problem should be left to RAN2 decision.
3 Conclusion

In this contribution we have the following observations and proposals: 
Observation 1: The fallback rule in TS38.306 is used for UEs to report fewer UE capability signalings instead of restricting deployment scenarios. The deployment scenario of Case 3 doesn’t violate the rule.
Observation 2: In RAN4 spec, the fallback combinations means the UE capabilities are the same as the higher order combinations, while the UE capabilities for UL and DL are determined by UE architecture/implementation for UL/DL separately. Thus UL configurations in terms of UE capability may not be the fall back of DL configurations. 
Observation 3: The bandwidth class for contiguous and non-contiguous CA of UL and DL are reported separately for each reported band combination. The IE intraBandENDC-Support in MRDC-Parameters is used to indicate the contiguity of LTE and NR carriers for each reported MR-DC band combination.

Observation 4: It is not specified by RAN2 for the network to configured UL configuration in one BC and DL configuration in another BC referring different UE capability. Cross capability among band combinations would cause the issue of backward compatibility.

Proposal 1: Solutions of Option 2b and Option 2c have the problem of NBC.

Proposal 2: The discussed cases are cannot be well supported by existing signalling w/o NBC issue and new signalling is needed. 
Proposal 3: With consideration of NBC issue, whether to use existing signalling or new signalling with early implementation to address the inconsistent configuration problem should be left to RAN2 decision. 
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