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Introduction
In this brief contribution we aim to illustrate a number of features and modifications that are essential for a 3X Architecture to work efficiently. While this document is focused on non-standalone mode, the issues are also likely to apply to other architectures where the core network User Plane connection terminates in an entity separate from the Master Cell Group’s control function. 
3X Non Standalone Architecture
The following figure illustrates a non-standalone 3X Architecture where the NR and the LTE nodes are connected to the legacy LTE EPC via S1-MME and S1-U control and user interfaces, respectively. The User plane from EPC is terminated in the NR PDCP-U and the control plane from the EPC is terminated in the entity with the LTE cell’s RRM/RRC. 
The S1-U user plane is terminated at the NR node is that it carries significantly larger data volume than the LTE user plane.
In the 3X configuration, the NR is the master node and LTE is the secondary node. In this architecture NR Node is connected to the LTE node via a Xx (or X2) type interface. The control and signalling messages flow from LTE to the NR node and the user data flows from the NR to the LTE node. 
The Xx (or X2) interface supports:
· Control signalling with X2-AP over SCTP protocol and the user data 
· User traffic with GTP-U over UDP protocol 
The RRM which works in conjunction with RRC is located in the LTE node and manages the RRM functions in the NR Node.
See the following Figure 1:
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[bookmark: _Ref485286181]Figure 1 3X Non Standalone Architecture 
Essential Features
In this section we list a number of features which we believe are essential to efficient working of the 3X architecture in practice
Flow Control
In order to manage an efficient flow of data packets to the user, to circumvent a buffer overflow or packet loss, a robust flow control is required between the NR and LTE nodes. This flow control solution could be a sliding window type solution as described in 3GPP TR 36.842 V12.0.0 [2].
The purpose of implementing a Flow Control is twofold:
1- Flow control would manage the user data transfer between the LTE and NR Nodes
2- The flow control would manage the data transfer in the Xx transmission link between the NR node and the LTE node, for scenarios where the Xx is not an internal interface. 

A typical Sliding Flow control mechanism is presented in text books, e.g. [3] and is illustrated in the following Figure 2
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[bookmark: _Ref485374902]Figure 2 X2 Sliding Window Flow Control Mechanism, where the NR Node is the master node

NR Node can grant certain amount of capacity/buffer size to the LTE NB periodically or based on the radio resource monitoring status. NR Node can indicate the buffer size on per UE basis or per bearer basis. LTE Node may also be able to request NR Node for capacity allocation. 
For this kind of Flow control a new GTP-U extension header would be required for the inter-node RRC container to transfer flow control information.

Proposal 1: The flow control mechanisms used for MCG Split Bearers in Release 12 Dual Connectivity are re-examined to ensure that they are suitable for multi-vendor flow control for SCG Split Bearers.

Proposal 2: Xx Control plane and user plane signalling is specified to provide flow control for SCG split bearers and MCG split bearers.


3.2 Initial configuration
In order to have a reflect operator policies (especially in an MOCN situation); and to have a smoother start up at EPS bearer establishment and after a period of data inactivity; it is useful if the MCG can signal an “initial data split” configuration to the PDCP entity in the SCG. As examples the initial split between NR and LTE could be 50%:50%; 90%:10%; or 100%:0%. 

Proposal 3: it is proposed that Xx interface signalling provides the capability for the MCG to communicate an “initial ratio for data split” from MCG to SCG on a per EPS bearer basis.

Inactivity Timer
In order to conserve UE, RAN and EPC resources, in the Rel-8 architecture it is normal that the eNB runs an inactivity timer(s) to trigger release of the RRC and S1 connections, and possibly the release of GBR bearers. This is feasible in the Rel 8 architecture because the eNB has local visibility of ALL the data flows on all EPS bearers, and, the signalling flows on S1-MME. 

With the Option 3X architecture, the Master Cell Group has insufficient visibility of the EPS bearers terminating on the Secondary Cell Group to determine their (in)activity. Similarly, the SCG has insufficient visibility of the EPS bearers terminating on the Master Cell Group to determine their (in)activity. Also, the SCG has no visibility of the (in)activity of the S1-MME’s NAS signalling that terminates on the MCG.

As the MCG is “the Master”, it is recommended that Xx signalling provides the capability: 
a) to configure the SCG with a per-EPS bearer inactivity timer;
b) for the SCG to report on a per EPS bearer when inactivity is detected;
c) for the SCG to report on a per EPS bearer when activity is detected on a non-released bearer for which the SCG has earlier reported” inactivity”.

Proposal 4
As the MCG is “the Master”, it is proposed that Xx signalling provides the capability: 
a) to configure the SCG with a per-EPS bearer inactivity timer;
b) for the SCG to report on a per EPS bearer when inactivity is detected;
c) for the SCG to report on a per EPS bearer when activity is detected on a non-released bearer for which the SCG has earlier reported” inactivity”.


Connected Mode DRX Assessment 
The connected mode C-DRX feature offers significant improvement on resource utilization as well as UE power saving. With this feature UE can be enabled to save power by allowing it to power down for pre-determined intervals, as directed by the eNB. During this inactive period, UE only listens periodically DL control channels.  However, C-DRX increases the end to end delay if the parameters are not set correctly. 

Normally the MCG sends the C-DRX parameters to the UE in the RRC messages. However, the correct setting of their parameters requires analysis of the user plane traffic which, with option 3X bearers, is visible only in the SCG. This can be complicated further as the C-DRX settings need to be set according to the combination for the data flows on option 3X bearers; option 3&MCG bearers; and NAS/RRC signalling activity.

As C-DRX is mostly a MAC layer feature which instructs the UE when to wake up to monitor the Packet Downlink Control Channel, it seems to require separate settings for both NR and LTE radios. Further information on the parameters within C-DRX are below:
 
The DRX feature in the Connected Mode, i.e. C-DRX, has been described in TS 36.300 [6]: the C-DRX feature is set by RRC Connection_Reconfiguration or RRC_Connection Setup, where the C-DRX message is imbedded within the RRC Command to the UE.
 
However, for the 3X Architecture presented in this contribution, the DRX Setting would be different to conventional LTE or Dual Connectivity cases. 
These open issues are as follows:
1- C-DRX Value Setting: The C-DRX Value setting for both NR and LTE Nodes would be set by the RRC function in the LTE Node. This functional block will set the LTE C-DRX and would pass the NR Node’s C-DRX settings over the X2-C interface. 
2- C-DRX Cycle:  The duration of one 'ON & OFF time'. NR and LTE nodes may require different on/off times.
3- OnDurationTimer: The duration of 'ON time' within one C-DRX cycle may be different for LTE and NR nodes.
4- C-DRX-Inactivity Timer: Specify how long UE should remain 'ON' after the reception of a PDCCH.  The NR and LTE nodes may require different Inactivity timers depending on the traffic load 
5- C-DRX-Retransmission Timer: Specifies the maximum number of consecutive PDCCH subframes the UE should remain active to wait an incoming retransmission after the first available retransmission time. The NR and LTE nodes may require different re-transmission timers depending on radio conditions and cell-load.
6- Short C-DRX-Cycle. This is the C-DRX cycle which can be implemented within the 'OFF' period of a long DRX Cycle. NR and LTE nodes may require different Short C-DRX cycles. 
7- C-DRX_ShortCycleTimer.  This is the consecutive number of subframes the UE shall follow the short DRX cycle after the DRX Inactivity Timer has expired. NR and LTE nodes may require different timers for feature. 

The above open issues associated with the C-DRX need to be clarified for efficient working of 3X Architecture.

Proposal 5: RAN 3 should liaise with RAN 2 to confirm that the UE has separate C-DRX configurations for NR and for LTE.

Observation 1: The configuration of C-DRX parameters for LTE need to take into account the user plane activity patterns on option 3X bearers; option 3 & MCG bearers; and NAS/RRC signalling activity.

Observation 2: (Assuming that RRC/NAS signalling is only sent on the MCG), the configuration of C-DRX parameters for NR needs to take into account the user plane activity patterns on option 3X bearers; and option 3 bearers; and option 3A bearers.

Proposal 6: Signalling is provided on the Xx interface that describes the User Plane activity for option 3X split bearers so that the MCG can calculate the C-DRX parameters for LTE.

Proposal 7: Signalling is provided on the Xx interface that describes the User Plane activity for option 3 split bearers so that the SCG can calculate the C-DRX parameters for NR.

Proposal 8: RAN 3 consult RAN2 as to how the NR C-DRX parameters are signalled to the UE (e.g. on a local RRC connection from SCG to UE; or, from SCG to MCG and then in MGC RRC signalling from MCG to UE).


Configuration of Semi-Persistent Scheduling
As Semi-Persistent Scheduling is likely to use User Plane monitoring, the discussion and logic of the above section on C-DRX is transferable to the topic of configuration of Semi-Persistent Scheduling parameters in the UE.

Proposal 9: Proposals 5,6,7,8 are extended to include SPS configuration.

Radio Link Failure detection
In order to enable IMS session time based charging, it is common for Guaranteed Bit Rate bearers to have different Radio Link Failure detection parameters to non-GBR bearers. For SCG (and MCG) split bearers, this hints at performing RLF detection in the PDCP-U entity. However, the radio links are different on NR and LTE, so it seems to be necessary to do Radio Link Failure detection at a lower layer than PDCP.

Observation 3: per EPS bearer (= per DRB) Radio Link Failure parameters are needed.

Note that, for a split bearer, RLF of a DRB in just one of the MCG and SCG is not a reason to release that EPS bearer across the S1 interface: RLF on both MCG and SCG is needed for that.

Proposal 10: Xx interface signalling should be provided to:

a) allow the MCG to configure per EPS bearer RLF timers in the SCG; and 
b) allow the SCG to inform the MCG of RLF on a DRB;
c) allow the SCG to inform the MCG of a Radio Link Recovery for a DRB. 
Conclusions
From the discussions presented in this contribution we can make the following observations:

Observation 1: The configuration of C-DRX parameters for LTE need to take into account the user plane activity patterns on option 3X bearers; option 3 & MCG bearers; and NAS/RRC signalling activity.

Observation 2: (Assuming that RRC/NAS signalling is only sent on the MCG), the configuration of C-DRX parameters for NR needs to take into account the user plane activity patterns on option 3X bearers; and option 3 bearers; and option 3A bearers.

Observation 3: per EPS bearer (= per DRB) Radio Link Failure parameters are needed.

We kindly ask RAN to consider and agree the following proposals:
 
Proposal 1: The flow control mechanisms used for MCG Split Bearers in Release 12 Dual Connectivity are re-examined to ensure that they are suitable for multi-vendor flow control for SCG Split Bearers.

Proposal 2: Xx Control plane and user plane signalling is specified to provide flow control for SCG split bearers and MCG split bearers.

Proposal 3: it is proposed that Xx interface signalling provides the capability for the MCG to communicate an “initial ratio for data split” from MCG to SCG on a per EPS bearer basis.

Proposal 4: As the MCG is “the Master”, it is proposed that Xx signalling provides the capability: 
a) to configure the SCG with a per-EPS bearer inactivity timer;
b) for the SCG to report on a per EPS bearer when inactivity is detected;
c) for the SCG to report on a per EPS bearer when activity is detected on a non-released bearer for which the SCG has earlier reported” inactivity”.

Proposal 5: RAN 3 should liaise with RAN 2 to confirm that the UE has separate C-DRX configurations for NR and for LTE.

Proposal 6: Signalling is provided on the Xx interface that describes the User Plane activity for option 3X split bearers so that the MCG can calculate the C-DRX parameters for LTE.

Proposal 7: Signalling is provided on the Xx interface that describes the User Plane activity for option 3 split bearers so that the SCG can calculate the C-DRX parameters for NR.

Proposal 8: RAN 3 consult RAN2 as to how the NR C-DRX parameters are signalled to the UE (e.g. on a local RRC connection from SCG to UE; or, from SCG to MCG and then in MGC RRC signalling from MCG to UE).

Proposal 9: Proposals 5,6,7 and 8 are extended to include SPS configuration.

Proposal 10: Xx interface signalling should be provided to:

a) allow the MCG to configure per EPS bearer RLF timers in the SCG; and 
b) allow the SCG to inform the MCG of RLF on a DRB;
c) allow the SCG to inform the MCG of a Radio Link Recovery for a DRB. 

From the technical discussion presented in this contributions for 3X Architecture, we can conclude that:
1- The high capacity user plane should terminate at the NR Node and control signalling should terminate at the LTE Node
2- Xx (or X2) interface is required to pass control signalling from the LTE node to the NR Node and pass user plane data from the NR node to the LTE node 
3- Robust flow control is essential for the efficient working of the 3X architecture. 
4- C-DRX Inactivity Timer is essential for NR Node particularly, to minimise unnecessary wastage of radio resources
5- C-DRX Features and settings may be different for NR and LTE nodes, depending on the Cell load and user traffic patterns
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