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1 Introduction
In RAN3 #93 meeting, the direct interface between eLTE eNB and NR BS is agreed to support LTE-NR handover procedures [1]. This interface will be used in the LTE-NR tight interworking scenarios. In addition, the interface between LTE eNB and NR BS should also be studied. 
In this contribution, the LTE-NR interface(s) will be analysed based on the scenarios listed in RAN plenary #72 aiming to find out the required functions.
2 Discussion
2.1 New functions of LTE-NR interface(s)
In [2], 11 scenarios are listed and it is proposed that Scenario 2, 3/3a, 4/4a, 5, 7/7a will be under discussion in RAN3. It needs to be clarified that based on the definition of eLTE eNB in RAN3, the eNB connects to NG Core in the scenarios mentioned above should be called eLTE eNB. For tight interworking, the Scenario 3/3a, 4/4a and 7/7a will be studied as depicted in the figures [2], the involved interfaces include the interface between eLTE eNB and NR BS and the one between LTE eNB and NR BS. 
To be simplified, the two possible interfaces above will be named Xn1 and Xn2 in this contribution as depicted in Figure 1. Whether they will be reusing the existing X2 interface or not will be discussed later in the paper. Since the interworking between LTE eNB and eLTE eNB is out of the LTE-NR tight interworking scope, the interface between LTE eNB and eLTE eNB will not be discussed here.
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Figure 1: Xn1 interface between eLTE eNB and NR BS

              Xn2 interface between LTE eNB and NR BS
Observation: The interface between eLTE eNB and NR BS and the interface between LTE eNB and NR BS will be studied for LTE-NR tight interworking. 
Different from the existing interfaces, e.g., X2 and Iur, Xn1 and Xn2 are required to support new functions including the inter-RAT handover, inter-RAT dual connectivity, i.e. LTE-NR DC, and etc. 
2.1.1

Inter-RAT handover
In RAN3 #92 meeting, the following NR RAN new function is agreed and captured in TR 38.801:
-
LTE-NR handover through LTE-NR interface

-
This function provides means for LTE-NR handover via the direct interface between an eLTE eNB and a NR BS.

The NR RAN supported function means that Xn1 interface needs to support the LTE-NR handover. However, the inter-RAT handover through direct interface requires the two nodes connect to the same CN, which means the handover between LTE eNB and NR BS through Xn2 cannot be performed. In other words, only Xn1 interface supposes to have LTE-NR handover function.

In LTE, the X2 interface supports inter-eNB handover. There is only one type of eNB, i.e., the handover direction is always from source eNB to target eNB. Therefore, there is only one handover procedure specified for X2 interface. However, in LTE-NR handover scenarios, two types of RAN nodes are involved, i.e., eLTE eNB and NR BS. Consequently, there will be two handover directions, i.e., from eLTE eNB to NR BS and from NR BS to eLTE eNB. With regard to the protocols within eLTE eNB and NR BS, the lower layers including PHY layers are different and the eLTE RRC and NR RRC may not be the same. The difference between the two RAN nodes requires different signalling during the handover procedure. To summarize, the possible differences are listed in Table 1.
Table 1: Comparison of formats for different handover directions
	Handover direction
	UE context in handover request
	Container in handover request acknowledge

	eLTE eNB to NR BS
	eLTE RRC format
	NR RRC format

	NR BS to eLTE eNB
	NR RRC format
	eLTE RRC format


Taking the case of handover from eLTE eNB to NR BS as an example, the source eLTE eNB sends the handover request to the target NR BS. The RRC context of the UE in eLTE eNB will be carried in this message, and this context could be in eLTE RRC format including the configuration information of eLTE eNB. Upon reception of the request message, the target NR BS replies acknowledge to source eLTE eNB. In this acknowledge message, the target to source container will be included and the corresponding container will be in NR RRC format.
Since the signalling for handovers from eLTE eNB to NR BS and from NR BS to eNB eLTE are different, the Xn1 interface needs to support two direction LTE-NR handover preparations. In addition, the other handover related procedures include the SN status transfer, data forwarding, UE context release in source and handover cancellation. In Table 2, the LTE-NR handover related functions of Xn1 interface are listed in details.
Table 2: LTE-NR handover related procedures
	LTE-NR handover related procedures
	Xn1
	Xn2

	CP
	eLTE eNB to NR BS handover preparation
	(
	(

	
	NR BS to eLTE eNB handover preparation
	(
	(

	
	SN status transfer
	(
	(

	
	UE context release in source
	(
	(

	
	Handover cancellation
	(
	(

	UP
	Data forwarding
	(
	(


Proposal 1: To support LTE-NR handover through the direct interface, new procedures including eLTE eNB to NR BS and NR BS to eLTE eNB handover preparation need to be supported by Xn1.
2.1.2 
LTE-NR dual connectivity

For LTE-NR tight interworking, the following agreements are achieved in RAN2 #94 meeting:

· DC approach for LTE-NR aggregation will be studied (FFS whether 3c/1a-like or other user plane architecture to be used).
· Study both split (3C bearers) and direct routing (1A bearers) for LTE-NR mulit-RAT.
With respect to LTE-NR dual connectivity, the related scenarios are listed in [2] as Scenario 3/3a, 4/4a and 7/7a. It can be clarified that in Scenario 3a, 4a and 7a, there should be a direct interface between (e)LTE and NR to exchange the control plane information. In Scenario 4, the NR BS connecting to NG-Core acts as the anchor, LTE acts as the secondary and only the lower layers will be used. Upon this assumption, the LTE in this scenario can be both eLTE eNB and LTE eNB.

From the interface perspective, Xn1 interface can be used in Scenario 4 and 7/7a. Considering that in Scenario 4, the NR BS acts as the anchor and in Scenario 7/7a, the eLTE eNB acts as the anchor, the Xn1 interface should support dual anchor LTE-NR DC functions between eLTE eNB and NR BS. Similarly, Xn2 interface can be used in Scenario 3/3a and 4/4a and it should also support dual anchor LTE-NR DC functions between LTE eNB and NR BS. Based on X2 functions supported for the LTE DC, the LTE-NR related functions of Xn1 and Xn2 are listed in Table 3.
Table 3: The LTE-NR DC related procedures
	LTE-NR DC related procedures
	Xn1
	Xn2

	CP
	1) eLTE SeNB addition
2) eLTE SeNB reconfiguration

3) eLTE SeNB modification

4) eLTE SeNB release

5) eLTE SeNB counter check

6) NR SeNB addition

7) NR SeNB reconfiguration

8) NR SeNB modification

9) NR SeNB release

10) NR SeNB counter check
	1) LTE SeNB addition

2) LTE SeNB reconfiguration

3) LTE SeNB modification

4) LTE SeNB release

5) LTE SeNB counter check

6) NR SeNB addition

7) NR SeNB reconfiguration

8) NR SeNB modification

9) NR SeNB release

10) NR SeNB counter check

	UP
	Flow control
	Flow control


Proposal 2: LTE-NR DC related procedures should be supported over the interfaces between LTE eNB and NR BS, and eLTE eNB and NR BS.

2.1.3

Others

As captured in TR38.801, the NR RAN may include other functions, e.g., contacting UEs in inactive mode. This NR RAN function may be associated with a NR location area management and will be coordinated with LTE. This coordination may require LTE-NR interface to support other new functions, e.g., LTE-NR aligned location area management, LTE-NR aligned paging, etc. For now, the other new functions may also need to be considered.
Proposal 3: Other functions for direct interfaces, e.g., location area management, paging, and etc, need to be considered.
2.2
Existing functions inherited from X2
Besides the new functions discussed above, the legacy interface functions should be supported by the direct LTE-NR interface(s). In Table 4, the general functions supported by X2 are listed and some of the functions are worthy to be inherited.
Table 4: X2 functions (Function list in TS 36.420)
	X2 functions
	Xn1
	Xn2

	Intra LTE-Access-System Mobility Support for ECM-CONNECTED UE
	LTE-NR handover and DC
	LTE-NR DC

	Load Management
	(
	(

	Inter-cell Interference Coordination
	FFS
	FFS

	General X2 Management and error handling functions
	(
	(

	Application level exchange between eNBs
	(
	(

	Trace functions
	(
	(

	Data exchange for self-optimisation
	(
	(


For inter-cell interference coordination function, it is assumed that NR will work at new frequency at the beginning. However, it is not for sure whether the LTE spectrum will be refarmed for NR later on. If it happens, the refarming will introduce the inter-RAT interference and then the interference coordination function needs to be studied.
For the functions such as load management, data exchange for self-optimisation, they are related to SON capable of MLB, MRO, etc. In 5G scenarios, SON could be still one of the requirements and the legacy X2 functions for SON can be inherited as working assumption.
Take the load management function as an example, this function allows exchanging overload and traffic load information between eNBs in LTE, so that the eNBs can control the traffic load appropriately. Similarly, for LTE and NR, it is also beneficial to offload traffic from NR to LTE to keep load appropriately, vice versa.
Proposal 4: It is suggested to discuss whether the legacy X2 functions for SON, etc. can be inherited as working assumption or not.
In summary, Xn1 and Xn2 interfaces need to support both new functions and some legacy X2 functions. From standards’ perspective, there are two options to standardize Xn1 and Xn2.

Option 1: Reuse the existing X2 interface and extend its functions.
Option 2: Define new interface(s).
In Option 1, the existing X2 procedures can be updated to support new functions including LTE-NR handover and DC. For example, the SeNB addition procedure can be updated to support eLTE SeNB and NR SeNB additions. Considering that the possibility to support ASN.1 transparent delivery between master and secondary, it may result in two kinds of LTE SeNB addition procedures, one is transparent and the other is not. 
In Option 2, it is FFS whether Xn1 and Xn2 will be the same. At least one new interface will be introduced and the new procedures will be defined in the new specification, which could be clearer than updating the existing X2 specification. However, it needs to be realized that new specification requires more efforts on maintenance.
Proposal 5: Both enhancements to X2 interface and introduction of a new interface can support the new functions. Considering the complexity of updating the existing specification, it is slightly preferred to define new interface(s).
Conclusion
In this contribution, we discussed the LTE-NR interface in details and the following proposals are provided:
Observation: The interface between eLTE eNB and NR BS and the interface between LTE eNB and NR BS will be studied for LTE-NR tight interworking. 
Proposal 1: To support LTE-NR handover through the direct interface, new procedures including eLTE eNB to NR BS and NR BS to eLTE eNB handover preparation need to be supported by Xn1.

Proposal 2: LTE-NR DC related procedures should be supported over the interfaces between LTE eNB and NR BS, and eLTE eNB and NR BS.

Proposal 3: Other functions for direct interfaces, e.g., location area management, paging, and etc, need to be considered.
Proposal 4: It is suggested to discuss whether the legacy X2 functions for SON, etc. can be inherited as working assumption or not.
Proposal 5: Both enhancements to X2 interface and introduction of a new interface can support the new functions. Considering the complexity of updating the existing specification, it is slightly preferred to define new interface(s).
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7.1.X
LTE-NR interfaces
For LTE-NR tight interworking, the following two interfaces as depicted in Figure 7.1.X-1 should be studied:

· Xn1 interface between eLTE eNB and NR BS

· Xn2 interface between LTE eNB and NR BS
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Figure 7.1.X-1 Xn1 between eLTE eNB and NR BS
 Xn2 between LTE eNB and NR BS

Xn1 interface between eLTE eNB and NR BS should support new functions:

· LTE-NR handover

· LTE-NR DC

Xn2 interface between LTE eNB and NR BS should support the new function:

· LTE-NR DC

The study of Xn1 and Xn2 could be based on X2 interface, however, to support new functions, new procedures will be introduced and all the related procedures are listed in Table 7.1.X-1 and Table 7.1.X-2.

Table 7.1.X-1: LTE-NR handover related procedures only for Xn1
	LTE-NR handover related procedures

	CP
	eLTE eNB to NR BS handover preparation

	
	NR BS to eLTE eNB handover preparation

	
	SN status transfer

	
	UE context release in source

	
	Handover cancellation

	UP
	Data forwarding


Table 7.1.X-2: The LTE-NR DC related procedures for Xn1 and Xn2
	LTE-NR DC related procedures
	Xn1
	Xn2

	CP
	1) eLTE SeNB addition

2) eLTE SeNB reconfiguration

3) eLTE SeNB modification

4) eLTE SeNB release

5) eLTE SeNB counter check

6) NR SeNB addition

7) NR SeNB reconfiguration

8) NR SeNB modification

9) NR SeNB release

10) NR SeNB counter check
	1) LTE SeNB addition

2) LTE SeNB reconfiguration

3) LTE SeNB modification

4) LTE SeNB release

5) LTE SeNB counter check

6) NR SeNB addition

7) NR SeNB reconfiguration

8) NR SeNB modification

9) NR SeNB release

10) NR SeNB counter check

	UP
	Flow control
	Flow control


In addition, the following legacy functions could be inherited from X2:

· Load management

· General interface management and error handling functions
· Application level exchange between nodes

· Trace functions

· Data exchange for self-optimisation
Editor Note: It is FFS whether Xn1 and Xn2 will be the same or not.
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