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1. Introduction
With the approval of [3], the NR-WID was kicked off officially, where the EN-DC (DC-Option 3 series) was taken as the highest priority. During the SID phase, the study for LTE/NR tight interworking/DC in [1] [2] was mainly focusing on EN-DC scenario and the legacy LTE DC was taken as baseline with various potential enhancements. In this contribution, we shall continue discussing those aspects and make proceeding proposals.
2. Discussion
Per suggestion/decision from RAN Plenary, the terminology “EN-DC” is used to stand for DC-Option 3 series, and it will be specified in 36/37.xxx specifications with reference to 38.xxx specifications when necessary, hence hereafter we shall use EN-DC throughout the whole discussion.

Per conclusions from TR 38.801 sub-section 10.1.2.7, “Since Option 3/3a/3x connects with EPC via S1, it is essential to adopt X2-C and X2-U as Xx interface if there are no obstacles……. Therefore, X2 interface protocols, i.e. X2AP and X2 U-Plane protocol are baseline for Xx interface”, following above baseline, we shall use X2 interface in EN-DC deployment, so it belongs to 4G deployment scenario.
For EN-DC scenario, though the gNB is supposed to be non-standalone in 5G deployment early phase, but it should be clear for all that even standalone capable gNB can also be configured in EN-DC mode as shown in Figure 1 below, so in the same gNB cell of such case, both EN-DC capable and  standalone NR capable UEs can be served together, hence it is possible that only part of gNB resources, e.g. baseband or radio resources etc, are available for EN-DC capable UEs, but the exact amount of available resources or status may not be well known by LTE system, if lack of coordination.
Besides normal X2 setup/modification procedures for gNB, in order to ordinate well with gNB status, eNB needs to rely on other X2AP common procedures, e.g. Load Indication, Resource Status Reporting etc, hence for EN-DC purpose, both X2AP common procedures and dedicated procedures need to be analyzed comprehensively and modified/re-specified.
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Figure 1
Observation 1: In the same gNB serving cell of Figure 1, both EN-DC capable and standalone NR capable UEs can be served together.
Observation 2: Since there is no S1-C connection between gNB and EPC, MME may not know the exact amount of available resources or status on gNB side, but eNB may know that via X2 interface. Such X2 based coordination may impact the EN-DC configuration from Master eNB.

Observation 3: Both X2AP common procedures and dedicated procedures need to be analyzed comprehensively and modified/re-specified.
There is another mobility issue with Figure 1 scenario. Assuming one particular NR capable UE supporting both Option 2 (Standalone mode) and EN-DC mode, and it is connected in source gNB in Figure1 above. Since the inter-system HO between 4G and 5G is supported, hence the inter-system HO from source gNB to target LTE eNB is naturally supported, but it is questionable whether the inter-system HO from Option 2 mode to EN-DC mode can also be supported in one procedure, or vice versa, from EN-DC mode to Option 2 mode in one procedure? This is outside the baseline procedures required in current TR 38.801, anyway, it may incur some mobility optimization pending to further discussions.

Proposal 1: To discuss and decide whether above “standalone capable gNB” deployment within EN-DC scenario and relevant X2 interface issues are valid in Rel-15.

Per further conclusions from TR 38.801:

“In Option 3/3a, Dual Connectivity (DC) specified in TS 36.300 [12] and relevant stage 3 specifications (e.g., TS 36.423 [13]) should be reused as baseline considering the fact that EPC should not be impacted. Therefore, for the Xx interface between LTE eNB and gNB, the procedures and protocols would remain alike those of DC, while minor enhancements might not be ruled out. In Option 3x defined in Section 10.1.2.4, further enhancements are needed on top of LTE based DC.”
“The procedures defined under section 10.1.2.8 (Dual Connectivity operation) in TS 36.300 [12] listed below apply. In this list, LTE eNB and gNB connected via Xx are considered to have the role similar to MeNB (or eNB without DC) and SeNB, respectively. In this context, the Xx-U has all the functionality of X2-U for LTE DC operation. There are no impacts to S1 procedure foreseen with the support of Option 3/3a/3x.”
“It is concluded that from a functional point of view the S1 interface is able to support deployment of Option 3/3a/3x.”
It is clear enough that EN-DC has no impact on S1-C/U interface at all, hence its main spec. impacts are only on X2-C/U interface from RAN3 perspective. For all to be specified EN-DC relevant procedures there are actually only 14 component messages required as below (cited from TS36.423):

SENB ADDITION REQUEST;
SENB ADDITION REQUEST ACKNOWLEDGE;

SENB ADDITION REQUEST REJECT
SENB RECONFIGURATION COMPLETE
SENB MODIFICATION REQUEST;

SENB MODIFICATION REQUEST ACKNOWLEDGE;

SENB MODIFICATION REQUEST REJECT
SENB MODIFICATION REQUIRED;

SENB MODIFICATION CONFIRM;
SENB MODIFICATION REFUSE
SENB RELEASE REQUEST;

SENB RELEASE REQUIRED;

SENB RELEASE CONFIRM
SENB COUNTER CHECK REQUEST
Due to the essential differences between SeNB and SgNB, it is strongly suggested to de-couple the X2AP messages for EN-DC case from legacy LTE DC case, as also done for (e)LWA. Accordingly, above 14 messages can be renamed and adapted further with more details as below. Meanwhile, since Option 7 is quite similar as EN-DC with gNB (Standalone or non-standalone) as secondary node, hence those new message name/IE structure/IE names should be forward compatible as much as possible.
SGNB ADDITION REQUEST;

SGNB ADDITION REQUEST ACKNOWLEDGE;

SGNB ADDITION REQUEST REJECT
SGNB RECONFIGURATION COMPLETE
SGNB MODIFICATION REQUEST;

SGNB MODIFICATION REQUEST ACKNOWLEDGE;

SGNB MODIFICATION REQUEST REJECT
SGNB MODIFICATION REQUIRED;

SGNB MODIFICATION CONFIRM;

SGNB MODIFICATION REFUSE
SGNB RELEASE REQUEST;

SGNB RELEASE REQUIRED;

SGNB RELEASE CONFIRM
SGNB COUNTER CHECK REQUEST
Observation 4: EN-DC has no impact on S1AP messages or S1-U protocols.
Proposal 2a: To introduce and specify above 14 new X2AP messages for EN-DC in TS 36.423.
Proposal 2b: The EN-DC message name/IE structure/IE names should be forward compatible as much as possible for Option 7.
3. Conclusion
RAN3 is kindly asked to consider following proposals:
Proposal 1: To discuss and decide whether above “standalone capable gNB” deployment within EN-DC scenario and relevant X2 interface issues are valid in Rel-15.

Proposal 2a: To introduce and specify above 14 new X2AP messages for EN-DC in TS 36.423.

Proposal 2b: The EN-DC message name/IE structure/IE names should be forward compatible as much as possible for Option 7.
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