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Introduction
RAN3 has decided to select split option 2 (based on centralised RRC/PDCP and distributed RLC/MAC/PHY) for normative work in Release 15. RAN3 is also working on the definition of a new open interface between CU and DU for split option 2, namely F1 interface. The following agreements related to the F1 interface were achieved: 

Agreements:
1 The new interface is made of F1-CP and F1-UP interfaces with associated procedures
2 	Internal structure of the gNB is not visible to the CN and to other RAN nodes (and the UE and FMC and the WLAN)
3 The CU may be separated in control plane (CP) and user plane (UP)

Based on the agreements above, in this paper we discuss DC options and relations to the F1-UP, X2-UP and Xn-UP interfaces. We observe that the issue of the interface termination is coupled to this discussion and we present our thinking. 
Discussion
We are focusing on the disaggregated gNB deployment where the DU hosts the RLC/MAC/PHY protocols, the CU-CP hosts the PDCP-C/RRC protocols and the CU-UP hosts the PDCP-U (and SDAP) protocols. This deployment provides the possibility of optimizing the location of different RAN functions based on the scenario and desired performance. This would allow to take maximum advantage of the CU-CP and CU-UP separation.  

In the following we turn into specific deployment options that provide the basis to realize LTE-NR tight interworking (option 3) and intra-NR DC. Below we consider both cases, looking into the characteristics of the CP and UP architecture and trying to identify the best deployment options to maximize the advantages.
LTE-NR interworking (option 3)
DC specified in TS 36.300 [1] is applied as the baseline for tight interworking between NR and E-UTRA in this option and LTE eNB and gNB are assumed to have the role similar to MeNB (Master eNB) and SeNB (Secondary eNB) specified in TS 36.300 [1]. X2 is adopted as the interface allowing to interconnect gNB and eNB. Regarding CP, inter-eNB control plane signalling for DC is performed by means of X2 interface signalling. 
[bookmark: _Hlk485208733]The UE has a single RRC state machine based on the master node RAT. So, for the DC control plane architecture in the gNB side, the X2-C interface is terminated in the gNB-CU and more specifically in the gNB-CU-CP. This is necessary as gNB-CU generates UE-dedicated NR RRC messages. To give an example, we consider the case of SeNB addition. Since the procedures from TS 36.300 can be used, we can see that if the MeNB endorses the new configuration, the MeNB sends the RRCConnectionReconfiguration message to the UE including the new radio resource configuration of SCG according to the SCG-Config. 
Since in the various procedures inherited from LTE DC, RRC messages relating to SeNB are sent by MeNB, the CP signaling needs to reach the RRC protocol termination which resides in gNB-CU-CP. The following figure is depicting this.
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Figure 1 Control plane for LTE-NR tight interworking deployment.
Let’s now consider the UP and look into its functionality. Taking the case of the MCG split bearer, the S1-U terminates in MeNB with the PDCP layer residing in the MeNB always and there exist independent RLCs for each leg of the split bearers. The X2 UP protocol is used to convey control information related to the user data flow management of data bearers. Each X2 UP protocol instance is associated to one data bearer only.
In the disaggregated gNB we could think of two different ways to route the UP traffic inside the SgNB. The baseline is that user plane traffic is routed from MeNB to SgNB via X2-U and then from SgNB-CU-UP to SgNB-DU via F1-U. This would be the main option but we also think that it is quite important to consider a possibility to allow routing the user plane traffic stemming from the MeNB directly to the SgNB-DU side protocol termination of F1-U. By that, delay due to concatenation of X2-U and F1-U can be avoided. Also, the complexity since 2 different flow control loops would need to exist one over X2-U and one over F1-U can be averted. Also, borrowing the idea from 3G where the DRNC sends the TNL address of the NB and in that way direct connectivity is established between CRNC and NB, the SgNB could send the TEID of the DU to the MeNB during setup [2]. It needs to be noted also that the MeNB could be kept unaware whether the traffic is routed directly to the gNB-DU side protocol termination of F1-U, in principle it only receives a TEID of its corresponding UP peer. This is depicted in the following picture.
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Figure 2 User plane for LTE-NR tight interworking in deployment option 3. Left: concatenating X2-U and F1-U. Right: MeNB side flow control entity directly interacts with (SgNB) DU side.
Observation 1	For the LTE NR tight interworking option 3 user plane deployment there are two ways to transfer user plane data from MgNB to SgNB: 
· Concatenate X2-U and F1-U 
· Allow the (M)eNB side flow control entity to directly interact with the (SgNB’s) DU side flow control entity  

For the second option to function, flow control functions of the X2-UP and F1-UP have to be aligned. 

Proposal 1           Align the flow control functions of the X2-UP and F1-UP to enable direct interaction. 

Next, we look into the case of the SCG split bearer were S1-U data from EPC is split at the gNB while the S1-MME is still terminated at LTE. So, the MCG traffic is transmitted via the X2-U while the SCG traffic is transmitted via the F1-U. In this option there is no concatenation of F1-U and X2-U. 
Observation 2	For the LTE NR tight interworking user plane deployment for SCG split bearer, MCG traffic is transmitted via the X2-U while the SCG traffic is transmitted via the F1-U.


DC in NG-RAN
A similar discussion as above applies in the case of dual connectivity in NG-RAN. The interface between MN and SN is Xn. Again Xn-C is the control plane interface responsible for the signaling between the 2 MN and the SN.
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Figure 4 Control plane for NG-RAN.
The UP interface Xn-U would need to cater again for the transfer of control information related to the user data flow management of data bearers. In the MCG split bearer case for the transfer of user data between MN and SN analogous alternatives as for option 3 discussed previously can be envisioned and are shown in the figure below:
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Figure 5 User plane for MCG split bearer in NR DC deployment.

Observation 2	For the MGC split bearer option in NG-RAN there are two ways to transfer user plane data from MN to SN 
· Concatenate Xn-U and F1-U 
· allow the MN side flow control entity to directly interact with the SN’s DU side flow control entity 

For the second option to function, flow control functions of the Xn-UP and F1-UP have to be aligned. 
Proposal 2           Align the flow control functions of the Xn-UP and F1-UP to enable direct interaction.

Similar considerations as in the previous section apply in the case of the SCG split bearer. If the Master Node is deployed in a disaggregated way, the same consideration applies as for the MGC split bearer option. 

Conclusion 
In this paper, we discussed DC options and specifically NR-LTE tight interworking (option 3) and NG-RAN DC options in general. We looked at the option to allow a direct interaction between a Flow control function in the node that performs the data flow split and the DU side flow control function in the corresponding node and realised that a concatenation of two flow-control chains should be avoided:
Observation 1	For the LTE NR tight interworking option 3 user plane deployment there are two ways to transfer user plane data from MgNB to SgNB 
· Concatenate X2-U and F1-U 
· allow the (M)eNB side flow control entity to directly interact with the (SgNB’s) DU side flow control entity  

Proposal 1           Align the flow control functions of the X2-UP and F1-UP to enable direct interaction. 
Observation 2	For the MGC split bearer option in NG-RAN there are two ways to transfer user plane data from MN to SN 
· Concatenate Xn-U and F1-U 
· allow the MN side flow control entity to directly interact with the SN’s DU side flow control entity 
· similar consideration can be made for the SCG split bearer option where the MN is deployed in a disaggregated way.
Proposal 2           Align the flow control functions of the Xn-UP and F1-UP to enable direct interaction.
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