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1
Introduction
At the last plenary meeting, it has been agreed that LTE-NR interworking is to be standardised. In the 1st phase, option family 3 and 4 is to be enabled. For RAN3, it means focusing on the interworking based on Xx interface (according to the TR 38.801). This paper analyses the scope of the work and proposes first decisions.

Also, at the ad-hoc meeting in Spokane, in January 2017, it was agreed that the Xx interface will be based on enhanced X2 link (unless proven to be infeasible in the work item phase). In this paper, we analyse formal implications of this decision.
2
Discussion
2.1
Formal aspects

From the formal perspective, the decision that Xx is to be based on X2-C and X2-U means the interface effectively will be X2. It can be written that Xx = Rel.15 X2. This means that the functionality needed for LTE-NR interworking must be part of the existing X2 specification. Therefore, also existing documents must be addressed when the changes are proposed.
In particular, extending X2 so that it can support LTE-NR interworking has to be based on the existing LTE stage-2, where all the current features of X2 are defined, and the existing stage-3 specification. 

The new specifications that the WID foresees to be needed, may indeed be created, but for signalling and features that are fully separated from the existing X2-C and X2-U. They may be used, e.g. when other interworking options are addressed in the 2nd phase of the WI.
Proposal 1: If the decision to base Xx on the X2 is not reversed, RAN3 shall work on the TS 36.300 (for stage-2) and the TS 36.42x family (for sateg-3) when defining functionality needed for LTE-NR interworking according to option family 3.
2.2
Protocol aspects
Currently, X2 is the interface that connects two peers of the same type: LTE eNB. It enables connected eNBs to exchange information needed for:

1) X2 managements, e.g. X2 setup, eNB config update, error indication, load information etc.

2) UE management, in particular dual connectivity.

Enabling X2 to connect to another node, i.e. gNB, means the X2 management aspects need to be enhanced to handle NR-specific aspects. For example, information on served NR cells is likely to be significantly different than LTE information present on X2 now.
Even more must be changed for UE management procedures. Even though LTE-NR interworking is to use as much as possible from the LTE DC, the architecture of the interworking will force not only enhancements, but also adding new procedures (e.g. related to handling split bearer at the SgNB).
Having the above in mind, we may look at the precedence created in the Rel.14 eLWIP WI. There, existing Xw interface was enhanced to support eNB-SeGW communication. This meat handling a new logical node as possible termination point, but also supporting a set of procedures needed to manage UEs in LWIP mode. After a long discussion, the LWIP connectivity was enabled so that the global procedures were enhanced, but remained global for Xw; however, functionality for UE management was created for communication toward SeGW anew and in form that matches exactly the needs of LWIP UEs. We consider that the solution created an example also for X2 and LTE-NR interworking.

Proposal 2: Enabling of LTE-NR interworking over X2 shall be based on enhancing X2 global procedures and creating new UE-associated procedures.
Details of the changes needed in the X2 specification will be the subject of the work in the WI. However, in the two chapters below, we discuss expected scope of the changes.
2.3 X2 global procedures
X2-C offers several global procedures that were added over the years. Again, taking the example of LWA and Xw, one may expect that 3 main groups of them will be the most important for the LTE-NR interworking:
X2 Setup / X2 removal
The procedure needs to be enhanced to handle NR cell IDs. A separate paper on problem related to handling NR cell IDs in the interworking scenarios is in [1]. Also, it may need to be considered what information is needed in the gNB to enable managing measurements of the UEs in the NR (e.g. for ANR purposes).
eNB Configuration update

This procedure is initiated by the peer that has undergone configuration change – the other peer node only acknowledges (or rejects) the change. Therefore, in theory, the procedure can be left for eNB-originated changes, while the gNB would use a new procedure (e.g. “gNB configuration update”). However, considering that the eNB will have to be able to handle NR-specific configuration information (X2 setup), it seems undesirable to create the new procedure – if the existing one is enhanced in a similar way as the X2 Setup is, then it can also be used by the SgNB, when it is connected with X2 interface.
Resource Status Reporting (initialisation and updating)
These procedures may need to be enhanced, too, for example, if the NR-specific resources are agreed to be reported. Reporting itself may be needed to support the eNB in the decision on the need to configure a SCG bearer, or for load balancing purposes. This discussion may, however, be part of the NR SON discussion or based on request from RAN1.

Proposal 3: RAN3 shall focus on the 3 above procedure groups in the first phase of the LTE-NR interworking.
2.4 UE-specific functions needed for interworking
Since the X2 is to be used as an interface for interworking, which, in turn, is to be based on LTE dual connectivity principles, we start the discussion from the functionality needed for interworking. Based on this analysis, we propose procedures that are likely needed.
SgNB Addition
The function to establish the first set of bearers to a SgNB, similar to SeNB Addtion, is the fundamental function for interworking. In the LTE-NR interworking, in option family 3, the master is the eNB. Therefore, it is reasonable to assume that the eNB shall be allowed to initiate establishment of the SCG bearer and providing the gNB with the needed information (including the routing toward the EPC for the user plane). 
SgNB Release

The function to release all the bearers to the SgNB is also very likely to be needed. The motivation is obvious: either due to radio or service reasons, the interworking through this SgNB does not offer benefits for the given UE and therefore there is no point to use the SgNB resources. It may also be needed if external reasons disable interworking through the given SgNB. Such situation may be detected at both, the MeNB and the SgNB. It is therefore reasonable to assume that the release of the bearer may need to be initiated from both ends.
SgNB Modification

The bearer, once added, may need to be modified. It may also be necessary to add or remove bearers in ongoing connection. Such need may stem from the change in the radio situation the UE experiences, but also from the changes in the service the UE uses. The former may be detected at both ends of the interworking connection, i.e. at the MeNB and the SgNB. Therefore, both peers should be allowed to initiate a procedure needed to change the configuration of the already established SCG bearer. This may even change some of the principles of the LTE DC, where the change was always decided at the MeNB side (SeNB could only indicate the need) – in case of the IWK, SgNB also controls the NR resources and thus is an equal peer for the MeNB. (The RRC signalling is up to RAN2 discussion, but in our opinion, any SgNB modification resulting in signalling towards the UE shall be carried out over the SgNB SRBs configured during the SgNB Addition procedure.)
SgNB Change

In the LTE-NR interworking, the assumption is that the SgNB manages the NR radio link. This means, the SgNB controls directly the measurements concerning the NR link, including mobility-related measurements. It may therefore happen, the UE reports a better NR cell and thus needs to be handed over there. If this is intra-SgNB, the MeNB does not seem to need to be notified about such change. However, if the new cell is in another SgNB, it shall be possible to transfer the UE there. Since the SgNB defines and interprets the NR measurements, it is only logical to assume it is also responsible to decide the target NR cell for the change. On the other hand, however, in the first phase, there is no Xn connection between the SgNBs. Therefore, the MeNB must be involved. Nonetheless, the initiating party for the change shall be the SgNB.
Inter-MeNB HO without SgNB change
Functionality to support a HO between the MeNBs may be needed, too: based on the experience gained from DC and LWA development, it has always been needed. Furthermore, in some LTE-NR deployment implementations, where LTE is used in small cells only, such handovers may be quite frequent. However, it is important to note that for the first release the support shall focus on enabling very basic functionality, while optimisations of the performance shall be left for next steps. 
Proposal 4: The 5 functionalities shall be enabled first for the LTE-NR interworking.
2.5 UE-associated procedures to support the needed functionality

The 4 functions discussed above need to be enabled using particular X2 procedures. As proposed in the beginning, the procedures for the interworking shall be defined anew. This does not prevent RAN3 from reusing the existing DC and/or LWA specification as much as possible. Hence, below a proposal of the new procedures needed:
	Functionality
	X2 Procedures
	LTE DC baseline

	SgNB Addition
	SgNB Addition Preparation
	SeNB Addition Preparation

	SgNB Release
	MeNB initiated SgNB Release
	MeNB initiated SeNB Release

	
	SgNB initiated SgNB Release
	SeNB initiated SeNB Release

	SgNB Modification
	MeNB initiated SgNB Modification Preparation +
SgNB Reconfiguration Completion
	MeNB initiated SeNB Modification Preparation +
SeNB Reconfiguration Completion

	
	SgNB initiated SgNB Modification Preparation
	SeNB initiated SeNB Modification

	SgNB Change
	SgNB initiated SgNB Change *
	—

	Inter-MeNB HO without SgNB change
	SgNB Addition Preparation +
MeNB initiated SgNB Release +
SgNB Reconfiguration Completion
	SeNB Addition Preparation +
MeNB initiated SgNB Release +
SeNB Reconfiguration Completion


*) The SgNB change can also be implemented using the SgNB initiated SgNB Release with special information concerning the target SgNB that the MeNB shall add the SCG bearer(s) to. However, for the sake of clarity, we prefer to implement it in a separate procedure.
Proposal 5: RAN3 shall focus on enabling the 7 procedures identified above.
3
Summary
In this paper, we have reminded the agreement from the ad-hoc meeting in January 2017 that the interface for NR to LTE interworking is to be X2 (evolved). Based on this agreement, we have considered the way the new functionality can be formally standardised. Further, we have reviewed what interworking functions are reasonable to be enabled in the first release and finally what procedures need to be enhanced or defined to support the assumed functionality.
All these steps can be summarised in the following conclusions:

1) If the decision to base Xx on the X2 is not reversed, RAN3 shall work on the TS 36.300 (for stage-2) and the TS 36.42x family (for sateg-3) when defining functionality needed for LTE-NR interworking according to option family 3.
2) Enabling of LTE-NR interworking over X2 shall be based on enhancing X2 global procedures and creating new UE-associated procedures.
3) RAN3 shall focus on the 3 above procedure groups in the first phase of the LTE-NR interworking.
4) The 5 functionalities shall be enabled first for the LTE-NR interworking.
5) RAN3 shall focus on enabling the 7 procedures identified above.
In a separate contribution [2], we propose a first draft of the stage-2 CR that may be used for future discussion on enabling the LTE-NR interworking.
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