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1. Introduction
After RAN3#94, there was no big progress for NR/LTE Tight Interworking over Xn interface (Option 4(A)/7(A)) compared to their previous status after RAN3#93bis. It has been agreed and captured that “For the Xn interface between eLTE eNB and gNB, the procedures and protocols should be newly designed.” In this contribution, we shall continue considering those aspects and aim to populate more details in relevant sections.
2. Discussion
Potentially unlike Deployment Option 3/3A, which would re-use the DC procedures as specified in TS 36.300 and TS 36.423 for baseline, the NR/LTE Tight Interworking procedures over Xn for Deployment Option 4/4A/7/7A can be newly designed, i.e. new procedures beyond legacy DC operation, new future proof procedures for managing multiple connectivity and relevant mobility enhancement may be introduced. However, it has also been agreed that the basic DC procedures defined in 36.300 and 36.423 can also be used for references for designing.
Firstly, we shall denote the baseline DC-3C and DC-1A UP architecture as MeNB-X2-SeNB and MeNB-S1-SeNB respectively. Here “-X2-” in the middle means the user data is split over X2, and “-S1-” means the user data is forwarded over S1.
With above notation method, we can 
denote Option 3/3A as MeNB-Xx-SgNB and MeNB-S1-SgNB respectively;

denote Option 4/4A as MgNB-Xn-SeNB and MgNB-NG-SeNB respectively;

denote Option 7/7A as MeNB-Xn-SgNB and MeNB-NG-SgNB respectively.

Based on above notations, we can identify the pattern similarities between different Tight Interworking scenarios.
· MeNB-X2-SeNB(DC-3C) vs MgNB-Xn-SeNB (Opt4)

· MeNB-S1-SeNB(DC-1A) vs MgNB-NG-SeNB(Opt4A)

· In above two cases, MgNB plays the same role as MeNB, and the Xn procedures and relevant configurations to/from SeNB should mimic their X2’s counterparts. The exact content is FFS!
· The NR/LTE Tight Interworking relevant Xn procedures for Opt4/4A should be quite similar to legacy DC relevant X2 procedures, because they are both addressing the SeNB as secondary node, although the former case is connected to NGC and the latter case is connected to EPC, which shall involve different “PDCP” layer/QOS behaviours.
· MeNB-Xx-SgNB(Opt3) vs MeNB-Xn-SgNB (Opt7)

· MeNB-S1-SgNB (Opt3A) vs MeNB-NG-SgNB (Opt7A)

· In above two cases, MeNB(eLTE) plays the same role as MeNB(LTE), and the Xn procedures and relevant configurations to/from SgNB should mimic their Xx’s counterparts. The exact content is FFS!
· The NR/LTE Tight Interworking relevant Xn procedures for Opt7/7A should be quite similar to enhanced DC relevant Xx procedures, because they are both addressing the SgNB as secondary node, although the former case is connected to NGC and the latter case is connected to EPC, which shall involve different “PDCP” layer/QOS behaviours.
Observation 1: From the secondary node perspective, the legacy DC relevant X2 procedures should also be the baseline for Xn procedure design for Deployment Option 4/4A (Different Master node, but both are targeting for SeNB!); the Option 3/3A relevant Xx procedures should also be the baseline for Xn procedure design for Deployment Option 7/7A (Different Master node, but both are targeting for SgNB!).

Observation 2: The Prior-ongoing Xx interface design for LTE/NR Tight Interworking and relevant procedures/functions may be relevant to Xn’s, but Xx and Xn interfaces can be studied and designed independently from each other in parallel.

In the following part, we shall firstly consider the Xn procedures design for MgNB-Xn-SeNB (Opt4) and MgNB-NG-SeNB(Opt4A) with superior priority, independently from ongoing Xx interface design, but also by taking the legacy DC baseline procedures for references.
-
SeNB Addition
This procedure includes at least “SeNB Addition Request”, “SeNB Addition Request ACK” and “SeNB Addition Request Reject” messages, and can be initiated by Master gNB (MgNB). Since the SeNB here is eLTE eNB (may adopting different RRC from MgNB), so MgNB and SeNB may not understand each other’s configurations and respective UE capability consumption, so besides relevant Config-parameter adaptation at SeNB addition, MgNB should also convey its UE capability consumption outside Container explicitly. SeNB can provide its actual UE configuration in “SeNB to MgNB Container”, and also needs to convey its UE capability consumption outside Container explicitly.
Issue 1: How MgNB makes the relevant Config-parameter adaptation and UE capability coordination for eLTE SeNB addition?
-
SeNB Modification (MeNB initiated SeNB Modification)
This procedure includes at least “SeNB Modification Request”, “SeNB Modification Request ACK” and “SeNB Modification Request Reject” messages, and can be initiated by MgNB. MgNB shall use this procedure to modify UE context within SeNB. Due to different separation/coordination level between eLTE/NR, MgNB may have more limitation at modifying UE context, e.g. SCG configuration, DRB type change, than legacy DC case, MgNB may not be able to modify some of UE context in SeNB.
Issue 2: Which part of UE context in SeNB can be modified by MgNB?
-
SeNB Modification (SeNB initiated SeNB Modification)
This procedure includes at least “SeNB Modification Required”, “SeNB Modification Confirm” and “SeNB Modification Refuse” messages, and can be initiated by SeNB. SeNB shall use this procedure to modify UE context within itself. Due to different separation/coordination level between eLTE/NR, SeNB may have more freedom at modifying UE context, e.g. SCG configuration, DRB type change, than legacy DC case.
Issue 3: Which part of UE context in SeNB can be modified by itself?
One associated FFS point is whether SeNB can do so called “SeNB initiated MgNB Modification”, which SeNB can use to modify UE context within MgNB directly? E.g. SeNB is not happy with current MCG configuration on MgNB side, which limits its own SCG configuration, so wanna ask for changing the MCG configuration directly.
 Issue 4: Any use case for “SeNB initiated MgNB Modification”?
-
Intra-MeNB handover involving SCG change
The Intra-MgNB HO with SCG change should be supported naturally, but it is worth investigating whether Intra-MgNB HO without SCG change can also be supported, e.g. the SCG configuration and activities can be maintained independently from MCG. Due to different separation/coordination level between eLTE/NR and dual RRC model, the SCG bearers can be more independent from MCG bearers.
Issue 5: Whether the configuration and activity of SCG bearers can be maintained independently from MCG?
-
SeNB Release (MeNB initiated SeNB Release)
This procedure includes at least “SeNB Release Request” message, and can be initiated by MgNB. MgNB shall use this procedure to Release UE associated resources within SeNB. If SeNB would have more power, it is worth investigating whether SeNB can reject the “SeNB Release Request” message, e.g. SeNB wanna maintain its ongoing SCG bearers for longer time.
Issue 6: Any use case for “SeNB Release Request Reject”?
-
SeNB Release (SeNB initiated SeNB Release)
This procedure includes at least “SeNB Release Required” and “SeNB Release Confirm” messages, and can be initiated by SeNB. SeNB shall use this procedure to Release UE associated resources within SeNB. Similarly, it is worth investigating whether MgNB can refuse the “SeNB Release Required” message, e.g. MgNB wanna maintain the ongoing SCG bearers for longer time.
Issue 7: Any use case for “SeNB Release Required Refuse”?
-
Change of SeNB
The Change of SeNB should be supported naturally. Per legacy DC procedures, it is normally implemented by “Source SeNB Release + Target SeNB Addition”, so MeNB has to initiate and take the control of overall SeNB change process. Due to different separation/coordination level between eLTE/NR and dual RRC model, it is worth investigating whether SeNB can also initiate and make autonomous change of SeNB independently, and once finished, SeNB informs MgNB about the SeNB change results. With multiple connectivity for future proof, the source SeNB may also be able to add more target SeNBs in the LTE-domain.
Issue 8: Whether the source SeNB can also initiate and make autonomous change/add of target SeNB?
-
MeNB to eNB Change
The MgNB to gNB Change should be supported naturally.
-
SCG change
SCG change can be initiated by both MgNB and SeNB, and should be supported naturally. Per legacy DC procedures, MeNB can use “SCG Change Indication IE” to request the SeNB to prepare the SCG Change in the SeNB or SeNB can use “SCG Change Indication IE” to request the MeNB to initiate the SCG Change towards the UE. Due to different separation/coordination level between eLTE/NR and dual RRC model, it is worth investigating whether SeNB can make autonomous SCG change and initiate the SCG Change procedure towards UE directly?  If SeNB would have more power, could SeNB initiate the so called “MCG change” alike procedure towards MgNB or not?
Issue 9: Whether SeNB can make autonomous SCG change and initiate the SCG Change procedure towards UE directly?
Issue 10: Any use case for “MCG change” alike procedure initiated by SeNB towards MgNB side?

-
eNB to MeNB change
The gNB to MgNB change should be supported naturally.
-
Inter-MeNB handover without SeNB change.
The Inter-MgNB handover without SeNB change should be supported naturally, but it is worth investigating whether the UE data transfer with SCG bearers can be maintained during the Inter-MgNB handover. Due to different separation/coordination level between eLTE/NR and dual RRC model, the SCG bearers may be more independent from MCG bearers.

Issue 11: Whether the UE data transfer with SCG bearers can be maintained during the Inter-MgNB handover?
Proposal 1: To further discuss above listed issues when designing the XnAP procedures for MgNB-Xn-SeNB (Opt4) and MgNB-NG-SeNB(Opt4A) Tight Interworking.
Proposal 2: To further discuss above listed issues when designing the XnAP procedures for MeNB-Xn-SgNB (Opt7) and MeNB-NG-SgNB(Opt7A) Tight Interworking.

Proposal 3: To adopt following TP in section 10.1.3.2.
3. Conclusion
RAN3 is kindly asked to consider following proposals:
Proposal 1: To further discuss above listed issues when designing the XnAP procedures for MgNB-Xn-SeNB (Opt4) and MgNB-NG-SeNB(Opt4A) Tight Interworking.

Proposal 2: To further discuss above listed issues when designing the XnAP procedures for MeNB-Xn-SgNB (Opt7) and MeNB-NG-SgNB(Opt7A) Tight Interworking.

Proposal 3: To adopt following TP in section 10.1.3.2.
--------------------------------------------Start of text proposal---------------------------------------------
· 10.1.3.2
Procedural aspects

The procedures defined under section 10.1.2.8 (Dual Connectivity operation) in TS 36.300 [12] can be a reference for defining the new Xn based procedures, in which gNB and eLTE eNB connected via Xn are considered to have the role similar to MeNB and SeNB, respectively. The DC procedures defined in TS 36.423 [13] should be used as baseline.
-
SeNB Addition
This procedure includes at least “SeNB Addition Request”, “SeNB Addition Request ACK” and “SeNB Addition Request Reject” messages, and can be initiated by Master gNB (MgNB). Since the SeNB here is eLTE eNB (may adopting different RRC from MgNB), so MgNB and SeNB may not understand each other’s configurations and respective UE capability consumption, so besides relevant Config-parameter adaptation at SeNB addition, MgNB should also convey its UE capability consumption outside Container explicitly. SeNB can provide its actual UE configuration in “SeNB to MgNB Container”, and also needs to convey its UE capability consumption outside Container explicitly.
Issue 1: How MgNB makes the relevant Config-parameter adaptation and UE capability coordination for eLTE SeNB addition?

-
SeNB Modification (MeNB initiated SeNB Modification)
This procedure includes at least “SeNB Modification Request”, “SeNB Modification Request ACK” and “SeNB Modification Request Reject” messages, and can be initiated by MgNB. MgNB shall use this procedure to modify UE context within SeNB. Due to different separation/coordination level between eLTE/NR, MgNB may have more limitation at modifying UE context, e.g. SCG configuration, DRB type change, than legacy DC case, MgNB may not be able to modify some of UE context in SeNB.
Issue 2: Which part of UE context in SeNB can be modified by MgNB?
-
SeNB Modification (SeNB initiated SeNB Modification)
This procedure includes at least “SeNB Modification Required”, “SeNB Modification Confirm” and “SeNB Modification Refuse” messages, and can be initiated by SeNB. SeNB shall use this procedure to modify UE context within itself. Due to different separation/coordination level between eLTE/NR, SeNB may have more freedom at modifying UE context, e.g. SCG configuration, DRB type change, than legacy DC case.
Issue 3: Which part of UE context in SeNB can be modified by itself?

One associated FFS point is whether SeNB can do so called “SeNB initiated MgNB Modification”, which SeNB can use to modify UE context within MgNB directly? E.g. SeNB is not happy with current MCG configuration on MgNB side, which limits its own SCG configuration, so wanna ask for changing the MCG configuration directly.

 Issue 4: Any use case for “SeNB initiated MgNB Modification”?
-
Intra-MeNB handover involving SCG change
The Intra-MgNB HO with SCG change should be supported naturally, but it is worth investigating whether Intra-MgNB HO without SCG change can also be supported, e.g. the SCG configuration and activities can be maintained independently from MCG. Due to different separation/coordination level between eLTE/NR and dual RRC model, the SCG bearers can be more independent from MCG bearers.
Issue 5: Whether the configuration and activity of SCG bearers can be maintained independently from MCG?
-
SeNB Release (MeNB initiated SeNB Release)
This procedure includes at least “SeNB Release Request” message, and can be initiated by MgNB. MgNB shall use this procedure to Release UE associated resources within SeNB. If SeNB would have more power, it is worth investigating whether SeNB can reject the “SeNB Release Request” message, e.g. SeNB wanna maintain its ongoing SCG bearers for longer time.
Issue 6: Any use case for “SeNB Release Request Reject”?

-
SeNB Release (SeNB initiated SeNB Release)
This procedure includes at least “SeNB Release Required” and “SeNB Release Confirm” messages, and can be initiated by SeNB. SeNB shall use this procedure to Release UE associated resources within SeNB. Similarly, it is worth investigating whether MgNB can refuse the “SeNB Release Required” message, e.g. MgNB wanna maintain the ongoing SCG bearers for longer time.
Issue 7: Any use case for “SeNB Release Required Refuse”?
-
Change of SeNB
The Change of SeNB should be supported naturally. Per legacy DC procedures, it is normally implemented by “Source SeNB Release + Target SeNB Addition”, so MeNB has to initiate and take the control of overall SeNB change process. Due to different separation/coordination level between eLTE/NR and dual RRC model, it is worth investigating whether SeNB can also initiate and make autonomous change of SeNB independently, and once finished, SeNB informs MgNB about the SeNB change results. With multiple connectivity for future proof, the source SeNB may also be able to add more target SeNBs in the LTE-domain.

Issue 8: Whether the source SeNB can also initiate and make autonomous change/add of target SeNB?
-
MeNB to eNB Change
The MgNB to gNB Change should be supported naturally.
-
SCG change
SCG change can be initiated by both MgNB and SeNB, and should be supported naturally. Per legacy DC procedures, MeNB can use “SCG Change Indication IE” to request the SeNB to prepare the SCG Change in the SeNB or SeNB can use “SCG Change Indication IE” to request the MeNB to initiate the SCG Change towards the UE. Due to different separation/coordination level between eLTE/NR and dual RRC model, it is worth investigating whether SeNB can make autonomous SCG change and initiate the SCG Change procedure towards UE directly?  If SeNB would have more power, could SeNB initiate the so called “MCG change” alike procedure towards MgNB or not?
Issue 9: Whether SeNB can make autonomous SCG change and initiate the SCG Change procedure towards UE directly?
Issue 10: Any use case for “MCG change” alike procedure initiated by SeNB towards MgNB side?

-
eNB to MeNB change
The gNB to MgNB change should be supported naturally.
-
Inter-MeNB handover without SeNB change.

The Inter-MgNB handover without SeNB change should be supported naturally, but it is worth investigating whether the UE data transfer with SCG bearers can be maintained during the Inter-MgNB handover. Due to different separation/coordination level between eLTE/NR and dual RRC model, the SCG bearers may be more independent from MCG bearers.

Issue 11: Whether the UE data transfer with SCG bearers can be maintained during the Inter-MgNB handover?
-----------------------------------------------End of text proposal-------------------------------------------
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