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1 Introduction
The discussion of intraBandENDC-Support can be traced back to RAN4#98e, over one year and a half ago, and the issue is still under discussion in RAN4 without a final solution. 

Two cases were discussed.

· 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


RAN4 also discussed the possible solutions to address the issue in [1][2][3], but no consensus yet. 
2 Discussion
The intra-band EN-DC contiguous capability is indicated by IE intraBandENDC-support in the current TS 38.331 as follows:
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SEQUENCE {«

singleUL-Transmission ENUMERATED
dynamicPowersSharingENDC ENUMERATED
tdm-Pattern ENUMERATED
ul-SharingEUTRA-NR ENUMERATED
ul-SwitchingTimeEUTRA-NR ENUMERATED
simultaneousRxTxInterBandENDC ENUMERATED
asyncIntraBandENDC ENUMERATED
e

[

dualPA-Architecture ENUMERATED

{supported}
{supported}
{supported}
{tdm, fdm, both}
{typel, type2}
{supported}
{supported}

{supported}

OPTIONAL, ¢
OPTIONAL, ¢
OPTIONAL, ¢
OPTIONAL, ¢
OPTIONAL, ¢
OPTIONAL, ¢
OPTIONAL, ¢

OPTIONAL, ¢

ul-TimingAlignmentEUTRA-NR ENUMERATED
11+

{required}

OPTIONAL<




The IE intraBandENDC-Support in UE capability can indicate three states {contiguous, non-contiguous, both} per band combination, it can’t indicate per band combination per UL or Per DL:

	intraBandENDC-Support

Indicates whether the UE supports intra-band (NG)EN-DC with only non-contiguous spectrum, or with both contiguous and non-contiguous spectrum for the (NG)EN-DC combination as specified in TS 38.101-3 [4].

If the UE does not include this field for an intra-band (NG)EN-DC combination the UE only supports the contiguous spectrum for the intra-band (NG)EN-DC combination.
	BC
	No
	N/A
	N/A


For IE intraBandENDC-support, default value is contiguous, and it is indicated per band combination without UL/DL distinction. If UE do not report anything, it means that UE support only contiguous ENDC for both UL and DL. If UE report ‘non-contiguous’, it supports only non-contiguous ENDC for both UL and DL. UE could not indicate contiguous or non-contiguous support in UL or DL separately.

Observation 1: A UE is not allowed to indicate intra-band EN-DC contiguous/non-contiguous capability in UL or DL separately.
In Rel-16, RAN4 introduce more intra-band contiguous and non-contiguous ENDC configurations with more than 2 carriers, as illustrated in TS38.101-3: 
Table 5.3B.0-1: Intra-band contiguous EN-DC bandwidth classes
	Intra-band contiguous EN-DC bandwidth class
	Number of

contiguous CC

	
	E-UTRA
	NR

	AA
	1
	1

	AB
	1
	2

	CA
	2
	1

	DA
	3
	1


Table 5.5B.2-1: Intra-band contiguous EN-DC configurations

	EN-DC

configuration
	Uplink EN-DC

configuration

(NOTE 1)
	Single UL allowed



	DC_(n)5AA
	DC_(n)5AA6
	Yes6

	DC_(n)12AA
	DC_(n)12AA6
	Yes6

	DC_(n)38AA5
	DC_(n)38AA6
	Yes6

	DC_(n)41AA5
DC_(n)41AB5
DC_(n)41CA5
DC_(n)41DA5
	DC_(n)41AA
	Yes3

	DC_(n)41AB5
DC_(n)41CA5
DC_(n)41DA5
	DC_41A_n41A
	Yes3

	DC_(n)48AA5
	DC_(n)48AA6
	Yes6

	DC_(n)48CA5
	DC_(n)48AA6
DC_48A_n48A6
	Yes6

	DC_(n)48DA5
	DC_(n)48AA6
DC_48A_n48A6
	Yes6

	DC_(n)71AA2
	DC_(n)71AA
	No4

	NOTE 1:
Uplink EN-DC configurations are the configurations supported by the present release of specifications.
NOTE 2:
Requirements in this specification apply for NR SCS of 15 kHz only.

NOTE 3:
Single UL allowed due to potential emission issues, not self-interference.
NOTE 4:
For UE(s) supporting dynamic power sharing it is mandatory to do dual simultaneous UL. For UE(s) not   

         supporting dynamic power sharing single UL is allowed. Uplink DC_(n)71AA is not applicable to BCS2.
NOTE 5:
The minimum requirements only apply for non-simultaneous Tx/Rx between all carriers.

NOTE 6:
Only single switched UL is supported


Table 5.5B.3-1: Intra-band non-contiguous EN-DC configurations

	EN-DC

configuration
	Uplink EN-DC

configuration

(NOTE 1)
	Single UL allowed



	DC_2A_n2A
	DC_2A_n2A5
	Yes5

	DC_3A_n3A
	DC_3A_n3A2
	Yes2

	DC_5A_n5A
	DC_5A_n5A5
	Yes5

	DC_7A_n7A6
	DC_7A_n7A5
	Yes5

	DC_41A_n41A3
DC_41C_n41A3
DC_41D_n41A3
	DC_41A_n41A
	Yes4

	DC_48A_n48A3
	DC_48A_n48A5
	Yes5

	DC_48A_(n)48AA3
	DC_(n)48AA5
DC_48A_n48A5
	Yes5

	DC_48A-48A_n48A3
	DC_48A_n48A5
	Yes5

	DC_48C_n48A3
	DC_48A_n48A5
	Yes5

	DC_48D_n48A3
	DC_48A_n48A5
	Yes5

	DC_66A_n66A
	DC_66A_n66A5
	Yes5

	NOTE 1:
Uplink EN-DC configurations are the configurations supported by the present release of specifications.

NOTE 2:
Void.
NOTE 3:
The minimum requirements only apply for non-simultaneous Tx/Rx between all carriers.

NOTE 4:
Single UL allowed due to potential emission issues, not self-interference.

NOTE 5:
Only single switched UL is supported.

NOTE 6: 
Requirements in this specification apply for NR SCS of 15 kHz only.

NOTE 7:
Single UL allowed due to potential emission issues and self-interference.


The first we need to justify whether Case 3: All CCs are contiguous in DL but neither carrier is contiguous to each other in UL, is a valid scenario. In RAN2 TS38.306, the definition of fallback is as follows.

	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 the EN-DC configuration DC_(n)41CA in downlink, the fallback combination could be DL DC_(n)41AA. While DL DC_41A_n41A breaks the rule of fallback band combination above. The divergence is that whether uplink configuration is viewed as the the fallback of downlink configuration. If the intra-band contiguity of uplink and downlink are separately configured, the uplink EN-DC configuration of DC_41A_n41A is not the fallback of DL DC_(n)41CA. Besides, RF architecture for intra-band contiguous and non-contiguous EN-DC in UL and DL can be different, and UE may support DL contiguous but UL non-contiguous. Whether or not the intra-band EN-DC contiguous configurations related to Case 3 follow the fallback rule is up to RAN2’s decision considering ‘Fallback band combination’ is defined in RAN2 spec TS38.306. From the perspective of RAN4 spec TS38.101-3, the uplink EN-DC configuration of DC_41A_n41A is included in the Table 5.5B.2-1: Intra-band contiguous EN-DC configurations. Thus, RAN4 views the uplink configuration as part of DC_(n)41CA and whether contiguous or non-contiguous EN-DC is defined only based on DL configuration.
Observation 2: Whether contiguous or non-contiguous EN-DC is defined only based on DL configuration in current RAN4 spec. 

Secondly, the related configurations of Case 3 and Case 4 were raised by operators considering the employment scenarios. The problem found in RAN4 is that it’s possible that the UE capability may not aligned between UE and network, which leads to configuration failure. For example, if the UE reports ‘contiguous’ of Band combination DC_(n)41CA, it may not support DC_41A_n41A(non-contiguous) in uplink. But considering the table above defined in TS 38.101-3, the BS would get confused that whether the UE supports DC_41A_n41A(non-contiguous) in uplink or not.
The UE capability of intraBandENDC-Support with ‘both’ is not enough to indicate Case 3 and Case 4. For the problems of ambiguity on some intra-band ENDC band combinations with more than 2 carriers, justification and possible solution are necessary in RAN2 and RAN4. 

3 Conclusion

In this contribution we discussed on the open issues on intrabandENDC-support feature, according to the analysis, we have the following observations: 
Observation 1: A UE is not allowed to indicate intra-band EN-DC contiguous/non-contiguous capability in UL or DL separately.
Observation 2: Whether contiguous or non-contiguous EN-DC is defined only based on DL configuration in current RAN4 spec. 
Moderator’s summary for discussion in RAN#97e on the topic is also listed for reference [4].
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