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1 Introduction
The clarification of IntrabandENDC-Support has been discussed for several meetings in RAN4 and RAN, and WF was agreed [1] in RAN4#98e. This paper discuss on this aspect.

	WF1: interpretation of intra-band EN-DC contiguous and non-contiguous Band combination
· 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
· Following issues can be considered on how to deal with the options:
· In TS 38.306, it is specified: An intra-band non-contiguous band combination is not considered to be a fallback band combination of an intra-band contiguous band combination.
· If UE indicate intrabandENDC-support as non-contiguous with LTE CA_48A-48A and NR ban n48A, does UE support both DC_48A_(n)48AA and DC_48A-48A_n48A? If not, how to distinguish DC_48A_(n)48AA and DC_48A-48A_n48A capability.

· If UE indicate intrabandENDC-support for both contiguous and non-contiguous together, does UE support all mixed case of contiguous and non-contiguous like DC_48A_(n)48AA?

WF2: intraBandENDC-Support for DL and UL ambiguity
· FFS if IntraBandENDC-Support IE need to be indicated in UL and DL separately per band combination, following aspects can be considered:
· How to deal with the issue:  there are several intra-band EN-DC parts with different support of contiguous/non-contiguous carriers.

· E.g. For DC_(n)48CA case, DL configuration could fall back to non-contiguous DC_48A-n48A,  if UE indicate support IntraBandENDC-Support as both(contiguous and non-contiguous), gNB could configure DC_48C_n48A to the UE, while UE dose not support in fact.

· If Separately UL and DL indication on intraBandENDC-Support is needed, how to deal with Rel-15 signaling
· Can we Add limitation to solve the UL and DL ambiguity that: only both DL and UL including its fallback are contiguous, then the combination is contiguous. Otherwise, the combination is non-contiguous.

· Can we Add limitation to solve the UL and DL ambiguity that: For intra-band ENDC band combinations more than 2 CCs, if IntraBandENDC-Support indicated with default value(contiguous), only intra-band contiguous EN-DC UL configuration is allowed to configure to the UE.


2 Discussion

The intrabandENDC-Support was introduced in Rel-15 to differentiate UE capability in supporting the intra-band EN-DC band combinations like DC_41A_n41A or DC_(n)41AA due to different requirements are defined and UE limitations in supporting both of them. However, this capability becomes ambiguous when the CC numbers increase, for example DC_48A_(n)48AA or DC_(n)48CA, since there will be several CCs which might be contiguously located or part of them are contiguous.
If we look at the intra-band contiguous EN-DC band combinations supported in Rel-17 38.101-3 Table 5.5B.2-1, there are following kinds of band combinations as shown in figure 1. And it seems that the intra-band contiguous doesn’t differentiate whether it is contiguous or non-contiguous in UL.
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Figure 1 Intra-band contiguous EN-DC in TS38.101-3
Then if we further look at the intra-band non-contiguous EN-DC band combinations in Rel-17 38.101-3 Table 5.5B.3-1, the following cases are included. It seems currently in the spec, the band combination is considered as non-contiguous if there are CCs that are non-contiguous and this usually means the DL CCs.
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Figure 2 Intra-band non-contiguous EN-DC in TS38.101-3
Observation 1:    Current spec doesn’t consider the UL CC locations when specify the intra-band contiguous or non-contiguous EN-DC.
Observation 2:    In current spec the band combination is considered as intra-band contiguous only when all the DL CCs are contiguous.

If following current RAN4 spec, then it can be seen that for intra-band contiguous EN-DC case1 and case2, the DL configuration is contiguous while UL can support contiguous or non-contiguous. Same situation is for intra-band non-contiguous EN-DC case3 and case4 where the DL is non-contiguous but UL can be contiguous or non-contiguous. In this sense, to differentiate the different capability of UL and DL, separate capabilities are needed. But with new capabilities introduced, the release independent to Rel-15 will be problem and this need to be decided in RAN2 whether this is doable or not.
Observation 3:    The DL and UL capability in supporting intra-band contiguous or non-contiguous is different, and new signaling might be needed then release independent will be a problem.
Another point is about the 38.306 limitation, i.e. an intra-band non-contiguous band combination is not considered to be a fallback band combination of an intra-band contiguous band combination, then for case2 there might be problem in fallback to lower order band combination since what NW can deactivate is only SCC, i.e. LTE1, however, this will make the leftover band combination be a non-contiguous EN-DC.
Observation 4:    For current intra-band contiguous EN-DC case2 (e.g. DC_(n)41CA with UL DC_41A_n41A), NW can only fall back to intra-band non-contiguous EN-DC, i.e. DC_41A_n41A which will violate 38.306 fallback restriction.
Another approach is defining the intra-band contiguous EN-DC as the PCC and PSCC are contiguously located and doesn’t consider other SCCs in LTE or NR. Then the band combinations will be looks like figure 3 where the case3 is moved to intra-band contiguous EN-DC and case 2 move to intra-band non-contiguous EN-DC.
In current Spec, there are only two UL CCs in intra-band EN-DC, so this kind of approach is same as considering the intra-band contiguous EN-DC only based on UL.
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Figure 3 Intra-band contiguous EN-DC based on PCC and PSCC
For this approach, after deactivating the LTE2 CC in case1 and case3, the fallback band combination still be contiguous EN-DC. This is in line with the 38.306 fallback restriction. For the intra-band non-contiguous EN-DC, after NW deactivate the SCC, all the cases are still intra-band non-contiguous EN-DC since the status of PCC and PSCC are not changed.
Observation 5:    If consider the intra-band contiguous EN-DC only based on PCC and PSCC, then the 38.306 fallback restriction (non-contiguous is not a fallback of contiguous) can be aligned.
Besides, the UL and DL are aligned in the intra-band contiguous or non-contiguous capability. So new capability signaling is not needed.

Observation 6:    No new capability signaling is needed to differentiate UL and DL, if classify the intra-band contiguous or non-contiguous EN-DC only based on the PCC and PSCC.

Comparing the two approaches above, it seems the approach 2 is better in capability signaling and align with 38306 restriction perspective.
Proposal 1:         It is proposed to interpret intra-band EN-DC contiguous or non-contiguous based on the PCC and PSCC and no new signaling need to be defined.
For the following two questions, continue discuss as below.
· If UE indicate intrabandENDC-support as non-contiguous with LTE CA_48A-48A and NR ban n48A, does UE support both DC_48A_(n)48AA and DC_48A-48A_n48A? If not, how to distinguish DC_48A_(n)48AA and DC_48A-48A_n48A capability.

· This is the case 4 and case 5 in Figure 3. They both can be considered as intra-band non-contiguous EN-DC with PCC and PSCC are non-contiguous. Currently when UE report the band combination it supports, it will report each block as an entry to NW, e.g. UE will report the supported BandParameters as LTE 48A, LTE 48A, NR 48A, then NW will consider the two LTE blocks are intra-band non-contiguous, but the relation with NR 48A in DL will be ambiguous for case of DC_48A_(n)48AA with UL DC_48A_n48A. This might be the issue that need to be further discussed for both solutions either classify contiguous by all the CCs or classify contiguous by only PCC and PSCC.
· To solve this ambiguous in DC_48A_(n)48AA and DC_48A-48A_n48A an alternative might be to classify the intra-band contiguous EN-DC with the condition that only if there are CCs between LTE and NR are contiguous, otherwise, it is non-contiguous, then DC_48A_(n)48AA will be contiguous and DC_48A-48A_n48A will be non-contiguous even both UL are non-contiguous. However, with this approach then the case2 in Figure 3 will be considered as contiguous and there will be violation with the 38.306 fall back restriction. To further resolve this issue then remove RAN2 38.306 fall back restriction might be needed. The concept is as figure 4. Due to time limitation, this concept might need further consideration whether there are other issues.
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Figure 4 Intra-band contiguous EN-DC based on CCs between LTE and NR
Observation 7:    Current RAN2 signaling cannot differentiate the two band combinations, i.e. DC_48A_(n)48AA and DC_48A-48A_n48A both with UL DC_48A_n48A.

Observation 8:    An alternative is to classify the intra-band contiguous EN-DC by the condition that CCs between LTE and NR are contiguous and remove the 38.306 band combination fallback restriction.
Proposal 2:         It is proposed to further consider classify the intra-band contiguous EN-DC by the condition that there are CCs between LTE and NR are contiguous and remove the 38.306 band combination fallback restriction if the proposal 1 approach is not doable.

· If UE indicate intrabandENDC-support for both contiguous and non-contiguous together, does UE support all mixed case of contiguous and non-contiguous like DC_48A_(n)48AA?

· In our view, yes.

3 Conclusion

Observation 1:    Current spec doesn’t consider the UL CC locations when specify the intra-band contiguous or non-contiguous EN-DC.

Observation 2:    In current spec the band combination is considered as intra-band contiguous only when all the DL CCs are contiguous.

Observation 3:    The DL and UL capability in supporting intra-band contiguous or non-contiguous is different, and new signaling might be needed then release independent will be a problem.

Observation 4:    For current intra-band contiguous EN-DC case2 (e.g. DC_(n)41CA with UL DC_41A_n41A), NW can only fall back to intra-band non-contiguous EN-DC, i.e. DC_41A_n41A which will violate 38.306 fallback restriction.

Observation 5:    If consider the intra-band contiguous EN-DC only based on PCC and PSCC, then the 38.306 fallback restriction (non-contiguous is not a fallback of contiguous) can be aligned.

Observation 6:    No new capability signaling is needed to differentiate UL and DL, if classify the intra-band contiguous or non-contiguous EN-DC only based on the PCC and PSCC.

Proposal 1:         It is proposed to interpret intra-band EN-DC contiguous or non-contiguous based on the PCC and PSCC and no new signaling need to be defined.

Observation 7:    Current RAN2 signaling cannot differentiate the two band combinations, i.e. DC_48A_(n)48AA and DC_48A-48A_n48A both with UL DC_48A_n48A.

Observation 8:    An alternative is to classify the intra-band contiguous EN-DC by the condition that CCs between LTE and NR are contiguous and remove the 38.306 band combination fallback restriction.
Proposal 2:         It is proposed to further consider classify the intra-band contiguous EN-DC by the condition that there are CCs between LTE and NR are contiguous and remove the 38.306 band combination fallback restriction if the proposal 1 approach is not doable.
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