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1 Introduction
In Rel-16, RAN4 introduce more intra-band contiguous and non-contiguous ENDC configurations:
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


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


In the last RAN4 meeting, problem on contiguous and non-contiguous ENDC classification is raised up.

This paper provides further proposal on intra-band ENDC UE capability. 
2 Discussion
2.1 Current definition of intra-band EN-DC configuration

In TS 38.101-3 5.4B.1, contiguous or non-contiguous concept is defined for LTE carrier and the adjacent NR carrier. It means:

· Case 1: LTE sub block is not contiguous with NR sub block: non-contiguous, regardless of whether CCs are contiguous or non-contiguous within one cell group(CG, LTE group or NR group). see Figure 1a


[image: image1]
Fig 1a. LTE sub block is not contiguous with NR sub block: non-contiguous

· Case 2: LTE sub block is contiguous with NR sub block: one LTE carrier and NR carrier is contiguous, carriers within LTE CG or carriers within NR CG is contiguous or non-contiguous, see Figure 1b and figure 1c
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Fig 1b
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Fig 1c
We focus on case 2 which bring the problem on intra-band ENDC configuration. From DL perspective, case2 in Fig1b belongs to non-contiguous ENDC. However, the corresponding UL configuration could be CC1+CC3 or CC2+CC3, in which ENDC_CC1+CC3 is non-contiguous, ENDC_CC2+CC3 is contiguous. From implementation perspective, UE could just follow the definition in TS 38.101-3 5.4B.1, i.e. channel spacing for intra-band EN-DC. 
Observation 1: Channel spacing 
Since the current intra-band EN-DC configuration classification is a contiguous and non-contiguous mixture on UL and DL, the key problem is how UE indicate UE capability on intra-band contiguous or non-contiguous to network!! 

In the current TS 38.331, intra-band EN-DC contiguous capability is indicated by IE intraBandENDC-support in Figure 2:
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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<




Fig 2. Intra-band ENDC support IE
For IE intraBandENDC-support, default value is contiguous, and it is indicated per band combination, no UL/DL distinguish. If UE do not report anything, it means UE support only contiguous ENDC for both UL and DL. If UE indicate ‘non-contiguous’ here, then UE support only non-contiguous ENDC for both UL and DL. UE could not indicate contiguous or non-contiguous support in UL or DL separately. For example:
	EN-DC

configuration
	Uplink EN-DC

configuration

(NOTE 1)

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


For Band combination DC_(n)41AB, if UE report contiguous EN-DC support, it means UE does not support DC_41A_n41A(non-contiguous) in uplink. See Figure 3.


[image: image5]
Fig 3. DL contiguous with UL non-contiguous configuration
Observation 2: The key problem is: From the current TS 38.331, UE is not allowed to indicate intra-band EN-DC contiguous/non-contiguous capability in UL or DL separately.
RF architecture for intra-band contiguous and non-contiguous ENDC in UL and DL can be different, UE may only support DL non-contiguous ENDC but not support non-contiguous UL ENDC. So, intraBandENDC-Support IE should be indicated in UL and DL separately per band combination.
Proposal 1: IntraBandENDC-Support IE should be indicated in UL and DL separately per band combination. Send LS to RAN2 to introduce new UE capability on distinguish intra-band ENDC UL and DL contiguous/non-contiguous support.
For intra-band ENDC configuration with more than 2 CCs, there are two options for contiguous/non-contiguous definition:

· Option 1: If LTE sub block is contiguous with NR sub block, it is contiguous EN-DC. Otherwise, non-contiguous.
· Option 2: If all adjacent LTE and NR CCs are contiguous, it is contiguous EN-DC, it is shown in Fig 1c. Otherwise, non-contiguous.

Since contiguous or non-contiguous CA support are already indicated in LTE CG side or NR CG side, the capability within LTE or NR CG can be clearly conveyed to the network, the only additional information network need to know is: whether LTE sub block is contiguous with NR sub block. So option 1 is preferred.
Proposal 2: For intra-band ENDC, If LTE sub block is contiguous with NR sub block, it is contiguous EN-DC. Otherwise, it is non-contiguous. 
Based on Proposal 1 and 2, we need to further revise on TS 38.101-3. The revision includes: some intra-band non-contiguous ENDC configuration move to contiguous configuration table, and DL and UL configuration should be specified separately. We provide the draft CR as below:

----------------------------------------------------------------------------------------------------------------------------------------------
2.1.1 5.5B.2
Intra-band contiguous EN-DC

Table 5.5B.2-1: Intra-band contiguous EN-DC DL 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_48A_(n)48AA5
	DC_(n)48AA6
DC_48A_n48A6
	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.

NOTE 5:
The minimum requirements only apply for non-simultaneous Tx/Rx between all carriers.
NOTE 6:
Only single switched UL is supported


2.1.2 5.5B.3
Intra-band non-contiguous EN-DC

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-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:
Only single switched UL is supported in Rel.15

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.


Conclusion

In this contribution we discussed on intra-band ENDC, according to the analysis, we have the following observations and proposals: 
Observation 2: The key problem is: From the current TS 38.331, UE is not allowed to indicate intra-band EN-DC contiguous/non-contiguous capability in UL or DL separately.
Proposal 1: IntraBandENDC-Support IE should be indicated in UL and DL separately per band combination. Send LS to RAN2 to introduce new UE capability on distinguish intra-band ENDC UL and DL contiguous/non-contiguous support.
Proposal 2: For intra-band ENDC, If LTE sub block is contiguous with NR sub block, it is contiguous EN-DC. Otherwise, it is non-contiguous. 
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