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Introduction
In this contribution, we discuss the issue of the Rel-15 UE feature which may need to be revised for Rel-16. In TS 36.306, a UE capability on intraBandENDC-Support is defined in the following.
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.
This UE capability was first introduced based to distinguish whether UE supports either DC_(n)41AA and DC_41A_n41A, or both, when the EN-DC band combination of 41 and n41 is signalled based on LS [1]. This EN-DC capability signalling differs from CA capability signalling as the contiguous CA capability is signalled using bandwidth class, but non-contiguous CA is signalled through the band combination. Thus, EN-DC signalling is less flexible than CA.
The above definition is not clear enough when it says contiguous spectrum or non-contiguous spectrum and the initial proposal from RAN4 did not clarify the complicated EN-DC scenarios more than two component carriers. The issue was discussed in RAN4#98e [8-11] and RAN#91e [12]. It was agreed to continue discussion in RAN4#99e. The further clarification is required in RAN4 and it needs to be informed to RAN2 if there is impact to the signaling.
Discussion
There are some ambiguous EN-DC cases in TS 38.101-3. We have listed them in the following tables.
The first table is sampled from Table 5.3B.1.2-1, which is intended for contiguous EN-DC.
	EN-DC configuration in Table 5.3B.1.2-1 in TS 38.101-3
(Contiguous case)
	Uplink EN-DC configurations
	Issues

	DC_(n)41AB
	DC_(n)41AA, DC_41A_n41A
	Downlink is contiguous but both contiguous and non-contiguous configurations are there in uplink.

	DC_(n)41CA
	DC_(n)41AA, DC_41A_n41A
	Downlink is contiguous but both contiguous and non-contiguous configurations are there in uplink.

	DC_(n)41DA
	DC_(n)41AA, DC_41A_n41A
	Downlink is contiguous but both contiguous and non-contiguous configurations are there in uplink.

	DC_(n)48CA
	DC_(n)48AA4, DC_48A_n48A
	Downlink is contiguous but both contiguous and non-contiguous configurations are there in uplink.

	DC_(n)48DA
	DC_(n)48AA, DC_48A_n48A
	Downlink is contiguous but both contiguous and non-contiguous configurations are there in uplink.



Although they are categorized as contiguous case, the uplink configuration is non-contiguous. It is unclear to the network if UE that only signals the support of contiguous EN-DC can support such configuration.
The second table is sampled from Table 5.3B.1.3-1, which is intended for non-contiguous EN-DC.
	EN-DC configuration in Table 5.3B.1.3-1 in TS 38.101-3
(Non-contiguous case)
	Uplink EN-DC configurations
	Issues

	DC_48A_(n)48AA
	DC_(n)48AA, DC_48A_n48A
	LTE and NR carriers are contiguous, but two LTE carriers are non-contiguous.
Both contiguous and non-contiguous configurations are there in uplink.



Based on the initial RAN4 agreement [1] (though the definition text was later revised according to the updated UE feature list [3]), whether it is contiguous/non-contiguous EN-DC is based on whether it is contiguous across LTE carrier and NR carrier, i.e., if the channel spacing is equal to or less than the nominal channel spacing of EN-DC channel spacing specified in TS 38.101-3. However, for the number of carriers more than two, it was later found the interpretations among companies are different.
As we see some different understanding in the definition of intraBandENDC-Support, it is proposed to have some clarifications in RAN4 and ask RAN2 to incorporate the RAN4 consensus.
There are several proposed solutions to clarify this ambiguity. The following two options are discussed in RAN4#98e [11] for further study in RAN4#99e.
Option 1: For intra-band ENDC, If LTE sub block is contiguous with NR sub block, it is contiguous EN-DC. Otherwise, it is non-contiguous. (If the channel spacing between LTE carrier and adjacent NR carrier are contiguous, i.e., the channel spacing is equal to or less than the nominal channel spacing of EN-DC channel spacing specified in TS 38.101-3)
E.g. downlink DC_48A_(n)48AA is an intra-band contiguous EN-DC band combination
Option 2: The entire LTE and NR spectrum are contiguous, i.e., all carriers are contiguously spaced. In other word, all the adjacent carriers including intra LTE carriers and intra NR carriers are contiguously spaced
 E.g. downlink DC_48A_(n)48AA is an intra-band non-contiguous EN-DC band combination
Further a following new proposal was made in RAN#91e. (we call it option 3 here.)
Option 3: Contiguous or non-contiguous is determined by the configuration between the primary cells for each cell group. 
· For example, DC_(n)48CA with UL DC_48A_n48A should be defined as intra-band non-contiguous EN-DC combination.
· This definition only allows DL fallback to DC_48A_n48A.
· For another example, DC_48A-(n)48AA with UL DC_(n)48AA should be defined as intra-band contiguous EN-DC combination.
· This definition only allows DL fallback to DC_(n)48AA.

So far none of the proposal has received the majority support in RAN/RAN4. The main issue is that network cannot figure out what configurations are supported by each UE if the number of carriers is more than two, when this UE MRDC parameter is signaled. The capability needs to be simple enough for network to be able to configure the UE without misunderstanding between UE and network.
First, the main ambiguity is caused by the mixed contiguous and non-contiguous case. In our understanding that UE can support contiguous EN-DC, if the non-contiguous EN-DC is supported. This assumption significantly reduce the complexity of this issue without modifying the UE capability signaling.
Proposal 1: For UE supporting the intra-band non-contiguous EN-DC for the number of carriers (combined both LTE and NR) more than two shall support the contiguous EN-DC as well.
If UE only signals the support of both contiguous and non-contiguous EN-DC, we do not need to identify which case is supported by UE capable of only non-contiguous EN-DC. The ambiguous mixed cases are supported by UE capable of both contiguous and non-contiguous EN-DC.
Proposal 2: UE is not allowed to signal only the support of the intra-band non-contiguous EN-DC if the number of carriers (combined both LTE and NR) are more than two.
In case UE only signals the support of contiguous EN-DC, network only configures all carriers (LTE and NR) contiguously. This definition is simple enough also applicable to the fallback operation, where RAN4 always assumes that the fallback from contiguous to non-contiguous is not allowed.
Proposal 3: All carriers (between LTE carrier and NR carrier, within LTE carriers or within NR carriers, both UL and DL) shall be contiguous, if UE indicates only the support of intra-band contiguous EN-DC, without the support of non-contiguous EN-DC.

Another issue, which has not been discussed yet in RAN4, is that the BCS signaling is also common among contiguous and non-contiguous EN-DC, since there is only one BCS parameter per EN-DC. In order to avoid the impact to the signaling, it is proposed that BCS shall be commonly defined among them.
Proposal 4: The same BCS shall be applied between contiguous and non-contiguous EN-DC.  

The UE capability, “intra-bandENDC-Support,” is applied to the pure intra-band EN-DC (i.e., without inter-band component), but this UE capability parameter is needed to the mixed intra-band and inter-band EN-DC, for example the case of DC_48A-n48A-n71. It is our understanding that this UE capability parameter is applied to the intra-band component, i.e., DC_48A_n48A, such that the definition of contiguous/non-contiguous is based on the carrier spacing between band 48 and n48.
Proposal 5: For mixed intra-band and inter-band EN-DC (for example DC_48A_n48A-n71), the UE capability definition is applied to the intra-band part (DC_48A_n48A) of the carriers.  
This means if UE supporting band combinations of two E-UTRA/NR intra-band components, for example, DC_48A-71A_n48A-n71A, the current UE capability signaling is not well defined. Thus, it is our understanding such EN-DC combo is out of scope by this 3GPP release (Rel-17).
Proposal 6: The multiple intra-band EN-DC components (for example, DC_48A-71A_n48A_n71A) shall not be allowed (at least by this 3GPP release (Rel-17)).
Here is the summary how each DL/UL configuration is supported.
	EN-DC configuration in Table 5.3B.1.2-1 in TS 38.101-3
	Uplink EN-DC configurations
	intra-bandENDC-Support

	DC_(n)41AB
	DC_(n)41AA
	Shall be supported by all UE supporting DC_(n)41AB

	DC_(n)41AB
	DC_41A_n41A
	UE shall signal intra-bandENDC-Support “both”, otherwise network does not configure this.

	DC_(n)41CA
	DC_(n)41AA
	Shall be supported by all UE supporting DC_(n)41CA

	DC_(n)41CA
	 DC_41A_n41A
	UE shall signal intra-bandENDC-Support “both”, otherwise network does not configure this.

	DC_(n)41DA
	DC_(n)41AA
	Shall be supported by all UE supporting DC_(n)41DA

	DC_(n)41DA
	DC_41A_n41A
	UE shall signal intra-bandENDC-Support “both”, otherwise network does not configure this.

	DC_(n)48CA
	DC_(n)48AA
	Shall be supported by all UE supporting DC_(n)48CA

	DC_(n)48CA
	DC_48A_n48A
	UE shall signal intra-bandENDC-Support “both”, otherwise network does not configure this.

	DC_(n)48DA
	DC_(n)48AA
	Shall be supported by all UE supporting DC_(n)48DA

	DC_(n)48DA
	DC_48A_n48A
	UE shall signal intra-bandENDC-Support “both”, otherwise network does not configure this.

	DC_48A_(n)48AA
	DC_(n)48AA
	UE shall signal intra-bandENDC-Support “both”, otherwise network does not configure this.

	DC_48A_(n)48AA
	DC_48A_n48A
	UE shall signal intra-bandENDC-Support “both”, otherwise network does not configure this.



Further, it is proposed to inform RAN4 understanding to RAN2.
Proposal 7: Inform RAN2 about RAN4 understanding of this UE capability.

Conclusion
In this contribution, the issue about the current definition of intraBandENDC-Support is discussed. It is proposed that
Proposal 1: For UE supporting the intra-band non-contiguous EN-DC for the number of carriers (combined both LTE and NR) more than two shall support the contiguous EN-DC as well.
Proposal 2: UE is not allowed to signal only the support of the intra-band non-contiguous EN-DC if the number of carriers (combined both LTE and NR) are more than two.
Proposal 3: All carriers (between LTE carrier and NR carrier, within LTE carriers or within NR carriers, both UL and DL) shall be contiguous, if UE indicates only the support of intra-band contiguous EN-DC, without the support of non-contiguous EN-DC.
Proposal 4: The same BCS shall be applied between contiguous and non-contiguous EN-DC.  
Proposal 5: For mixed intra-band and inter-band EN-DC (for example DC_48A_n48A-n71), the UE capability definition is applied to the intra-band part (DC_48A_n48A) of the carriers.  
Proposal 6: The multiple intra-band EN-DC components (for example, DC_48A-71A_n48A_n71A) shall not be allowed (at least by this 3GPP release (Rel-17)).
Proposal 7: Inform RAN2 about RAN4 understanding of this UE capability.
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