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1   Introduction
In RAN3 #93 meeting, the horizontal interfaces between RAN nodes were discussed and the following agreements were achieved:
The interface gNB/gNB and eLTE eNB/gNB is the same interface e.g. horizontal itf in NEW RAN is the same itf i.e. Xn.
In addition, the interface between LTE eNB and NR gNB was agreed to be named as Xx. However, the functions of Xx interface is not discussed. 
In this contribution, we will list the Xx functions from LTE-NR tight interworking perspective, as well as the relationship among X2, Xn and Xx. The related proposals will be provided.
2   Discussion 
As shown in Figure1, Xn interface connects the eLTE eNB and NR gNB, and Xx interface connects the LTE eNB and NR gNB.
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Figure1: Xn and Xx interfaces
In RAN3, it has been agreed that the handover between the evolved E-UTRAN and NR through an interface should be supported. It provides the way for evolved E-UTRAN handover via the direct interface between eLTE eNB and a NR gNB, i.e., Xn. It is feasible because that both eLTE eNB and NR gNB are connected to NG-Core and this type of inter-RAT handover does not involve the change of Core Network. Thus, only if eLTE eNB and gNB connect to the same core network, the inter-RAT handover via direct interface is feasible.

The LTE eNB and NR gNB are connected to EPC and NGC respectively. Though, there is a direct interface between them, it is not feasible to perform the inter-RAT handover via Xx interface because of the core network change. In other word, Xx is not required to support LTE-NR handover function.

Proposal 1: Xx interface is not required to support the LTE-NR handover function.

As captured in TR38.301, Xx interface will be applied in Option 3/3a as depicted in Figure2. For control plane connectivity, Xx should support the LTE-NR DC function, which may include the procedures listed in Section 7.1.2.2 [1]. For user plane connectivity, taking the X2 function in LTE DC as a baseline, Xx should support data forwarding and flow control between LTE eNB and NR gNB. In details, the data forwarding function need to be applied for Option 3a when NR gNB (as SeNB) is released to ensure the lossless data packets. The flow control function should also be applied for Option 3, where the LTE eNB should determine the PDCP PDU number to be offloaded to NR gNB based on the flow control information provided by the NR gNB.
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Figure2: Xx interface between LTE eNB and NR gNB
Proposal 2: Xx interface should be able to support the LTE-NR DC, data forwarding and flow control functions.
By taking the functions of X2 interface as the baseline, the followings can be discussed whether they should be supported by Xx interface or not. Details are listed in Table 1 according to TS 36.423.

Table 1: Discussion on X2 functions to be supported by Xx

	X2 functions
	Definition
	Xx

	Mobility Management
	This function allows the eNB to move the responsibility of a certain UE to another eNB. Forwarding of user plane data, Status Transfer and UE Context Release function are parts of the mobility management.
	NO

	Dual Connectivity
	This function allows the eNB to request another eNB to provide radio resources for a certain UE while keeping responsibility for that UE.
	YES

(LTE-NR DC )

	Load Management
	This function is used by eNBs to indicate resource status, overload and traffic load to each other.
	YES

	Reporting of General Error Situations
	This function allows reporting of general error situations, for which function specific error messages have not been defined.
	YES

	Resetting the X2
	This function allows reporting of general error situations, for which function specific error messages have not been defined.
	YES

	Setting up the X2
	This function is used to exchange necessary data for the eNB for setup the X2 interface and implicitly perform an X2 Reset.
	YES

	eNB configuration update
	This function is used to exchange necessary data for the eNB for setup the X2 interface and implicitly perform an X2 Reset.
	YES

	Mobility Parameters Management
	This function allows the eNB to coordinate adaptation of mobility parameter settings with a peer eNB.
	NO

	Mobility Robustness Optimisation
	This function allows the eNB to coordinate adaptation of mobility parameter settings with a peer eNB.
	NO

	Energy Saving
	This function allows decreasing energy consumption by enabling indication of cell activation/deactivation over the X2 interface.
	FFS pending on SON

	X2 Release
	This function allows an eNB to be aware that the signalling connection to a peer eNB is unavailable.
	YES

	Message Transfer
	This function allows indirect transport of X2AP messages to a peer eNB.
	YES

	Registration
	This function allows registration of eNB in case indirect transport of X2AP messages is supported.
	FFS 

	Removing the X2
	This function allows removing the signalling connection between two eNBs in a controlled manner.
	YES

	Inter-eNB UE Context Resume
	This function allows retrieval of a suspended UE context.
	NO


Based on Proposal 1, the mobility related functions are not necessary as marked in Table 1. Considering that LTE eNB and gNB are connected to different core networks, the UE context will not be reused. Accordingly, the inter-eNB UE context resume function may also not be required. Energy saving function is related to SON which is still FFS.
Proposal 3: Xx interface should support general interface management and error handling, load management, eNB configuration update and message transfer functions.

With respect to Xn interface, the supported functions are discussed in [2] in details. The Xn interface is assumed to support the following CP functions:
· Interface management 

· Mobility management
· Dual Connectivity 

· General Error reporting

· Load Management

· Message Transfer
· Registration

Based on the proposals in [2], it could be observed that the Xx interface required functions are all supported by Xn interface, especially the LTE-NR DC function. Considering Xn interface is also applied between eLTE eNB and NR gNB, the Dual Connectivity function listed above covers both NR-NR DC and LTE-NR DC.
Based on the above discussion, there are three options to standardize Xx from standard perspective.

Option 1: Specify a new interface.
Option 2: Reuse Xn interface.
Option 3: Reuse X2 interface with extended functions.

Since the Xx required functions are almost aligned with X2/Xn interface, there is no need to introduce a new interface. However, whether Xx should reuse X2 with function extension or reuse Xn, it can be further discussed and decided by RAN3. 

From the perspective of functionalities, the comparison among X2, Xx and Xn is listed in Table 2.

Table 2: Functionality comparison among X2, Xx and Xn
	X2 functions
	Xx
	Xn

	Mobility Management
	NO
	YES

	Dual Connectivity
	YES (LTE-NR DC)
	YES (both NR DC and LTE-NR DC)

	Load Management
	YES
	YES

	Reporting of General Error Situations
	YES
	YES

	Resetting the X2
	YES
	YES

	Setting up the X2
	YES
	YES

	eNB configuration update
	YES
	YES

	Mobility Parameters Management
	NO
	YES (maybe with some change)

	Mobility Robustness Optimisation
	NO
	FFS (depends on SON)

	Energy Saving
	FFS (depends on SON)
	FFS (depends on SON)

	X2 Release
	YES
	YES

	Message Transfer
	YES
	YES

	Registration
	FFS
	FFS 

	Removing the X2
	YES
	YES

	Inter-eNB UE Context Resume
	NO
	NO


In Option 2, the legacy LTE eNBs need to be updated to support Xn interface. And in Option 3 if it is agreed to reuse X2 with function extension, the impacts on legacy LTE eNBs could be minimized but the X2 function need to be extended considering that the L1/L2 configuration of NR gNB will be different from LTE and some extra information would be exchanged via the interface to perform UE capability coordination, which is under discussion in RAN2.
Proposal 4: It is proposed RAN3 to discuss and decide whether Xx should reuse Xn or X2 with extended functions.
3   Conclusion
In this contribution, we discussed the LTE-NR interface in details and the following proposals are provided:
Proposal 1: Xx interface is not required to support LTE-NR handover function.

Proposal 2: Xx interface should be able to support the LTE-NR DC, data forwarding and flow control functions.

Proposal 3: Xx interface should support general interface management and error handling, load management, eNB configuration update and message transfer functions.

Proposal 4: It is proposed RAN3 to discuss and decide whether Xx should reuse Xn or X2 with extended functions.

4   Reference

[1] TR 38.801, Radio Access Architecture and Interfaces V0.4.0, 3GPP
[2] R3-162303, Xn interface functions and protocol stack design, Huawei
5   Text Proposal
 START OF CHANGES
6.3.3.1
Xx interface

The interface allowing to interconnect gNB and LTE eNB is referred to as the Xx interface.

The functions of Xx interface could be studied based on X2 function as listed in Table 6.3.3.1-1.

Table 6.3.3.1-1 Functions for Xx interface

	X2 functions
	Definition
	Xx

	Mobility Management
	This function allows the eNB to move the responsibility of a certain UE to another eNB. Forwarding of user plane data, Status Transfer and UE Context Release function are parts of the mobility management.
	NO

	Dual Connectivity
	This function allows the eNB to request another eNB to provide radio resources for a certain UE while keeping responsibility for that UE.
	YES

(LTE-NR DC )

	Load Management
	This function is used by eNBs to indicate resource status, overload and traffic load to each other.
	YES

	Reporting of General Error Situations
	This function allows reporting of general error situations, for which function specific error messages have not been defined.
	YES

	Resetting the X2
	This function allows reporting of general error situations, for which function specific error messages have not been defined.
	YES

	Setting up the X2
	This function is used to exchange necessary data for the eNB for setup the X2 interface and implicitly perform an X2 Reset.
	YES

	eNB configuration update
	This function is used to exchange necessary data for the eNB for setup the X2 interface and implicitly perform an X2 Reset.
	YES

	Mobility Parameters Management
	This function allows the eNB to coordinate adaptation of mobility parameter settings with a peer eNB.
	NO

	Mobility Robustness Optimisation
	This function allows the eNB to coordinate adaptation of mobility parameter settings with a peer eNB.
	NO

	Energy Saving
	This function allows decreasing energy consumption by enabling indication of cell activation/deactivation over the X2 interface.
	FFS (depends on SON)

	X2 Release
	This function allows an eNB to be aware that the signalling connection to a peer eNB is unavailable.
	YES

	Message Transfer
	This function allows indirect transport of X2AP messages to a peer eNB.
	YES

	Registration
	This function allows registration of eNB in case indirect transport of X2AP messages is supported.
	FFS 

	Removing the X2
	This function allows removing the signalling connection between two eNBs in a controlled manner.
	YES

	Inter-eNB UE Context Resume
	This function allows retrieval of a suspended UE context.
	NO


NOTE: The required LTE-NR DC function is different form LTE DC function considering the difference of L1/L2 parameter configuration between LTE and NR and the possible difference of UE capability coordination mechanism. However, it is same as Xn interface.

It is FFS whether the Xx should reuse X2 interface with function extension or Xn interface.
END OF CHANGES
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