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1
Introduction
In the previous RAN2 #93bis meeting, the first discussions about LTE-NR interworking took place and the summary about the control plane was the following:

Control plane:

· Potential NR control plane functionality for LTE/NR tight interworking was discussed including user plane configuration, measurements, UE capability coordination, security, etc

· Transport of NR control plane signalling was discussed including the transport path (e.g. via LTE, NR or both), transparency to LTE, ciphering/integrity, etc.
This discussion paper provides control plane architecture options for LTE-NR tight interworking and a high level comparison between these options.
2
Discussion
We start our discussion with the most simple, and perhaps, most relevant scenario in the context of LTE-NR tight interworking from [1], where LTE operates in Carrier 1 (F1) providing the macro coverage and NR operates in Carrier 2 (F2) providing the small cell coverage:
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Figure 1: Inter-node radio resource aggregation (Macro cell: LTE, Small cell: NR)
In [1], a term "dual connectivity" was used to refer to operation where a given UE consumes radio resources provided by at least two different network points connected with non-ideal backhaul. Furthermore, each eNB involved in dual connectivity for a UE could assume different roles. Inter-node radio resource aggregation was described as a potential solution for improving per-user throughput and eventually specified in LTE Rel-12.
In addition to the above in [1], two CP architecture options were described for dual connectivity and are listed below for reference. 
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Figure 2: Radio Interface C-plane architecture alternatives for dual connectivity
In [1], these alternatives were referred to as Option C1 and Option C2.
In the remaining of this paper we propose to discuss CP architecture options for LTE-NR tight interworking based on Options C1 and C2.

3
CP options for LTE-NR tight interworking

The following terms/definitions are used for the remaining part of this document:

LTE-NR tight interworking: Operation where a given UE utilizes radio resources coordinated by LTE and NR radio accesses. It is further understood that the operation is RAN controlled and provides inter-RAT multi-connectivity. 
Radio Leg: A cell or group of cells configured with resources for a UE on the given radio access technology (LTE or NR). 

Master eNB (MeNB): The LTE eNB which terminates at least control plane from/to the core network and therefore acts as a mobility anchor towards the CN.

Secondary NG-NB (SNG-NB): An NG-NB providing NR resources for the UE.
Note: We further assume that the interface between the LTE eNB and NG-NB is based on X2 like interface which we call X2*. In addition, the LTE air interface is referred as Uu* and NR air interface protocol is referred to as Uu**.
3.1
Option 1: M-RRC in LTE eNB
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Figure 3: LTE-NR tight interworking with LTE RRC
Figure 3 illustrates the support for LTE-NR tight interworking with the LTE RRC i.e. M-RRC. Also note that the S-RRC is an implementation-specific entity that provides the SNG-NB configuration to the MeNB.
The main points from the architectural perspective for the Option 1 are as follows:

· There is a single RRC connection between the UE and the network, i.e. through M-RRC.

· MeNB acts as the control plane mobility anchor from the core network point of view.

· A secondary node provides resources to the UE and the configuration of the SNG-NB is passed to the UE by the MeNB (upon validation).

· S-RRC is invisible to the UE; for e.g. it cannot address the UE directly.

· MeNB may utilize resources provided by the SNG-NB for control plane message diversity.
Observation 1: Option 1 is similar to Option C1 (in [1]), however there an important difference.
The main difference between Option C1 and Option 1 is as follows:

· Option C1 is designed under a basic assumption that the radio access is the same for the MeNB and the SeNB, thus the tight coupling between the MeNB and SeNB may not be an issue.

· For LTE-NR tight interworking this becomes an issue. i.e., when Option C1 is applied, the LTE MeNB will need to understand the NG-NB configuration and potentially will need an upgrade to comprehend future NR releases. 

Observation 2: In Option 1, all control plane RRC messages and procedures pertaining to the SNG-NB and Uu** configuration are terminated at the M-RRC (configuration, mobility, capability, failure handling etc.) and MeNB needs to understand the configuration provided by NG-NB. 

Observation 3: In Option 1, the tight coupling causes an undesirable side-effect wherein the LTE RRC and NR RRC may not evolve independently.
3.2
Option 2: M-RRC in LTE eNB, S-RRC in NG-NB

[image: image4.emf]MeNB

SNG-NB

UE

RRC

layer

M-RRC

S-RRC

Uu*

(radio leg 1)

X2*

CP

UP

Uu**

(radio leg 2)

Control Plane

User Plane

UP


Figure 4: LTE-NR tight interworking with LTE and NR RRC
Figure 4 illustrates support for LTE-NR tight interworking with an alternative architecture. In this model, the S-RRC i.e. NR RRC protocol messages are exchanged between the SNG-NB and the UE. The NR RRC protocol messages may be transported between the SNG-NB and the UE using either on the NR Uu** or the LTE Uu* interfaces.
The main points from the architectural perspective for the Option 2 are as follows:

· From the system point of view there are two logical RRC connections between the UE and the network, i.e. the M-RRC (LTE RRC) and the S-RRC (NR RRC).

· MeNB acts as the control plane mobility anchor from the core network point of view.

· A secondary node provides NR resources to the UE and the configuration of the SNG-NB is passed to the UE, transparently, by the MeNB at least for the initial configuration.

· After the initial configuration, NR RRC protocol messages could be transported between the SNG-NB and the UE in different ways:
· Semi-independent: M-RRC transfers the S-RRC configuration in a transparent container to the UE in a LTE RRC message.
· Fully-independent: S-RRC prepares the NR RRC message and sends it to the UE; independent of the MeNB.
Observation 3: Option 2 allows LTE RRC and NR RRC to evolve independently.  

Observation 4: In Option 2, additional coordination is foreseen between MeNB and SNG-NB especially for the semi-independent use case.
3.3
Brief comparision of Option 1 and Option 2
In the following, we compare a basic comparision of the above control plane options with respect to some factors:
	Comparision aspect
	Option 1
	Option 2

	NR RRC message configuration
	MeNB prepares the LTE RRC message including NR configuration.
	SNG-NB prepares the NR RRC message including NR configuration.

	Signalling latency
	Additional latency to transport the SNG-NB configuration over X2* and encoding using the LTE RRC format.
	No additional latency for direct signalling when the messages are sent over the Uu* interface provided by SNG-NB.

	Measurement control and reporting
	LTE RRC controls measurement configuration and reporting for NR.
	NR specific measurements could be reported to NR RRC directly.

	Coordination with M-RRC
	No coordination needed; LTE RRC validates the NG-NB configuration and generates the LTE RRC message
	Coordination needed between M-RRC and S-RRC in specific cases, e.g., in cases where there are resources allocated for split bearer type of operation, band combinations supported by the UE, as well as measurements.

	Mobility within NR
	Mobility within NR is controlled by LTE RRC.
	Mobility within NR may be controlled directly by NR RRC.

	Failure handling
	Failure handling of SNG-NB is handled by LTE RRC.
	Failure handling of SNG-NB is handled by NR-RRC.

	Overall view
	LTE RRC needs to adapt to NR RRC changes, not allowing LTE RRC and NR RRC to evolve independently
	NR RRC is isolated with respect to LTE RRC allowing independent evolution of both these protocols. In addition, this model allows more flexible operation compared to Option 1 and may benefit from lower latency on the NR interface for control plane configurations. Finally, the model is also flexible to support tight interworking where NR is the anchor.


4
Conclusion
In this discussion paper we summarized two options for control plane architecture in the context of the LTE-NR tight interworking. Having presented both Option 1 and Option 2 individually and also making a comparision between both these options, we propose the following:

Proposal 1: Discuss the above mentioned control plane architecture options for LTE NR tight interworking.
Proposal 2: Capture Option 2 in the TR as a potential solution for LTE NR tight interworking.
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