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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 of LTE/NR tight interworking in [1] [2] was mainly focusing on EN-DC scenario and the legacy LTE DC was taken as baseline with various potential enhancements. Meanwhile, the NR-LTE DC-Option 7/4 series are equally important and supposed to be specified in Rel-15 as well. In this contribution, we shall continue discussing the NR-LTE Dual Connectivity 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.xxx/37.xxx specifications with reference to 38.xxx specifications when necessary, hence hereafter we shall use EN-DC throughout the whole discussion. In contrast, we tend to use the un-official terminology “5G-DC” (not including Intra-NR-DC case here!) temporarily to stand for NR-LTE DC-Option 7/4 series, and it will be specified in 37.xxx specifications with reference to 38.xxx specifications when necessary.
By comparing legacy LTE DC, EN-DC and 5G-DC, their main differences can be summarized in following table 1:
	
	legacy LTE DC,
	EN-DC
	5G-DC

	RRC Model
	Single
	Dual 
	Dual

	SRB 
	MCG SRB only
	MCG/SCG SRBs
	MCG/SCG SRBs

	SRB Split/ RRC Diversity
	No
	Yes
	Yes

	SCG Split Bearer
	No
	Yes
	Yes (7 series)

	QOS Model
	E-RAB/DRB
	E-RAB/DRB
	PDU Session/DRB

	NW Slice Support
	No
	No
	Yes

	Master-Secondary Node interface
	X2
	X2
	Xn


Table 1

Dual RRC Model means Secondary Node can generate its own RRC PDU/ASN.1 independently, that may not be understood by Master Node or vice versa, hence Master Node may not know the exact SCG configuration and UE capability consumption on Secondary Node side or vice versa. With the help of new SCG SRB, Secondary Node can also reconfigure UE and get Measurement Report directly, which should not involve any MCG impact.
In order to support SCG split bearer, as already identified in TR 38.801, Master Node and Secondary Node need to exchange their GTP Tunnel Endpoint ahead, so that DL/UL data flow can be split in-between. It is also up to Master Node for DRB Type decision.
For EN-DC, since it is based on E-RAB/DRB QOS model, so the “E-RAB Level QoS Parameters” for SgNB may look similar as legacy LTE DC case, but for 5G-DC, since it is based on PDU session/DRB new QOS model, so new “XXX QoS Parameters” should be designed differently.
For EN-DC, since it does not support NW Slice, hence no additional parameter in that regard needs to be exchanged over X2; but for 5G-DC, some additional parameters related to Slice ID/S-NSSAI should be exchanged, so that Secondary Node can be aware of NW Slice.
Keeping above major differences in mind, we shall go through all basic procedures that are to be supported by EN-DC again. Most of the analysis below can be applicable for 5G-DC as well.
-
SeNB Addition
This procedure includes at least “SgNB Addition Request”, “SgNB Addition Request ACK” and “SgNB Addition Request Reject” messages. “SgNB Addition Request” can only be initiated by MeNB, and MeNB should provide SCG-ConfigInfo for SgNB, perhaps outside the logic “MeNB to SgNB Container” if any, in order to assist SgNB configuring the initial SCG; meanwhile, MeNB should also provide its allocated UE capability available for SCG usage explicitly, so that SCG configuration won’t exceed UE total capability later. In “SeNB Addition Request ACK”, SgNB should provide its actual UE SCG-Config for MeNB, perhaps inside the logic “SgNB to MeNB Container”, since it can be transparent to MeNB; meanwhile, SgNB should also provide the UE actual capability consumption for SCG explicitly. The exact content of SCG-ConfigInfo and SCG-Config shall be defined in TS 38.331. For other major parameters in above messages, such as security relevant info, E-RAB Level QoS Parameters, and XX GTP Tunnel Endpoint etc, they are much similar to legacy case. It is worth noting that in “CHOICE Bearer Option”, MeNB can configure “SCG Split Bearer” in addition, and MeNB may also convey inter-RAT measurement results to SgNB.
Observation 1: The “SCG-ConfigInfo” and “SCG-Config” for EN-DC is different from Legacy LTE DC, but their definitions are up to RAN2. The leftover major parameters in SgNB Addition Procedure are similar to Legacy LTE DC, so can be reused as much as possible.
Proposal 1: RAN3 needs input from RAN2 for SgNB Addition Procedure.
-
SeNB Modification (MeNB initiated SeNB Modification)
This procedure includes at least “SgNB Modification Request”, “SgNB Modification Request ACK” and “SgNB Modification Request Reject” messages, and “SgNB Modification Request” is initiated by MeNB. MeNB shall use this procedure to modify UE SCG context within SgNB, such as E-RABs and SCG-Config, e.g. PScell and Scells. Due to dual RRC, MeNB may have more limitation at modifying UE SCG context, e.g. MAC/PHY configuration. RAN2 should further discuss which part of UE SCG context in SgNB can be modified by MeNB.

Observation 2: The scope of UE SCG Context modifiable by MeNB may be different from Legacy LTE DC.

Proposal 2: RAN3 needs input from RAN2 for modifiable scope of SCG context.
-
SeNB Modification (SeNB initiated SeNB Modification)
This procedure includes at least “SgNB Modification Required”, “SgNB Modification Confirm” and “SgNB Modification Refuse” messages, and “SgNB Modification Required” can be initiated by SgNB. SgNB shall use this procedure to modify UE SCG context within itself. Due to dual RRC, SgNB may have more freedom at modifying UE SCG context. RAN2 should further discuss which part of SCG context in SgNB can be modified by itself.
One associated issue is whether SgNB can perform so called “SgNB initiated MeNB Modification”, which SgNB can use to modify UE MCG context within MeNB directly? E.g. SgNB is not happy with current MCG configuration on MeNB side, which limits its own SCG configuration, so asks MeNB to change its MCG configuration. This use case may be related to UE capability coordination procedure, where Secondary Node is allowed to require more UE capability or trigger UE capability re-allocation.

Observation 3: Potential new procedure for UE capability negotiation and re-allocation for Secondary Node may be needed, which may impact the ongoing MCG configuration.
Proposal 3: RAN3 needs to study the procedure for UE capability negotiation and re-allocation for Secondary Node.
-
Intra-MeNB handover involving SCG change/Inter-MeNB handover without SeNB change.
The Intra/Inter-MeNB HO with SCG change should be supported naturally, but it is worth investigating whether Intra/Inter-MeNB HO without SCG change can also be supported, e.g. the SCG configuration and SCG bearer data activities can be maintained independently from MCG. Such potential enhancement relies on SA3’s progress.
Observation 4: The data activity and mobility of SCG bearers may be decoupled from MCG side.

Proposal 4: RAN3 needs to study the enhanced data/mobility behaviours with SCG bearers, which may have less coupling/impacts from MCG side.
-
SeNB Release (MeNB initiated SeNB Release)
This procedure includes at least “SgNB Release Request” message, and it can be initiated by MeNB. MeNB shall use this procedure to Release UE associated resources within SgNB. For legacy LTE DC, there is no rejection for “SeNB Release Request”, so MeNB always expects success outcome. One associated issue is whether SgNB can reject the “SgNB Release Request” message, e.g. SeNB wanna maintain its ongoing SCG bearers for longer time. It can be further discussed about valid use case for “SgNB Release Request Reject”.

Observation 5: Any valid use case for “SgNB Release Request Reject”?
-
SeNB Release (SeNB initiated SeNB Release)
This procedure includes at least “SgNB Release Required” and “SgNB Release Confirm” messages, and “SgNB Release Required” can be initiated by SgNB. SgNB shall use this procedure to Release UE associated resources within itself. Similarly, one associated issue is whether MeNB can refuse the “SgNB Release Required” message, e.g. MeNB wanna maintain the ongoing SCG bearers for longer time. It can be further discussed about valid use case for “SgNB Release Required Refuse”.

Observation 6: Any valid use case for “SgNB Release Required Refuse”?
Proposal 5: RAN3 needs to identify any valid use case for “SgNB Release” reject/refuse.
-
Change of SeNB
The Change of SgNB should be supported naturally. Per legacy LTE DC procedures, it is normally implemented by “Source SeNB Release + Target SeNB Addition”, so MeNB has to initiate and take control of overall SeNB change process. Due to dual RRC model and SCG SRB, it is worth investigating for EN-DC, whether and how the source SgNB can also initiate and make autonomous SgNB change, and once finished, source SgNB informs MeNB about the SgNB change results. Keeping multiple connectivity (MC) in mind, the source SgNB should also be able to add-up more target SgNBs in the NR-domain.

Observation 7: The Secondary Node change procedure for EN-DC may be different from Legacy LTE DC, and the Secondary Node initiated Secondary Node change procedure is to be supported.
Proposal 6: RAN3 needs to study the enhanced Secondary Node change procedure.
-
MeNB to eNB Change/ eNB to MeNB change
For EN-DC, the MeNB to eNB Change and eNB to MeNB change should be supported naturally.
-
SCG change
SCG change can be initiated by both MeNB and SgNB, and should be supported naturally. Per legacy LTE DC procedures, MeNB can use IE “SCG Change Indication” to request the SeNB to prepare the SCG Change or SeNB can use “SCG Change Indication” to request the MeNB to initiate the SCG Change towards the UE. Due to dual RRC model and SCG SRB, it is worth investigating whether SgNB can make autonomous SCG change and initiate the SCG Change procedure towards UE directly over SCG SRB.
Observation 8: EN-DC may support enhancement for “SCG change procedure” without impacting MCG.
Proposal 7: RAN3 needs to study the enhanced “SCG change procedure” via SCG SRB.
Based on above analysis and observations, due to dual RRC model and SCG SRB, the EN-DC and 5G-DC procedures may have various potential enhancements, compared to their legacy LTE DC case. The exact use case and complexity vs gain may be further discussed in RAN2/3 jointly. Some more detailed analysis can be referred to other companion contributions.
3. Conclusion
RAN3 is kindly asked to consider following proposals:
Proposal 1: RAN3 needs input from RAN2 for SgNB Addition Procedure.
Proposal 2: RAN3 needs input from RAN2 for modifiable scope of SCG context.
Proposal 3: RAN3 needs to study the procedure for UE capability negotiation and re-allocation for Secondary Node.
Proposal 4: RAN3 needs to study the enhanced data/mobility behaviours with SCG bearers, which may have less coupling/impacts from MCG side.
Proposal 5: RAN3 needs to identify any valid use case for “SgNB Release” reject/refuse.
Proposal 6: RAN3 needs to study the enhanced Secondary Node change procedure.
Proposal 7: RAN3 needs to study the enhanced “SCG change procedure” via SCG SRB.
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