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1. Introduction
In RAN2#95 meeting [1], it has agreed that RAN2 would Study the new bearer type to split the bearer while setting the U-plane termination point in SeNB, i.e. split bearer via SCG [2] as shown in Figure 1. In this bearer type, C-plane connection is served by a master node (MeNB or MgNB) while U-plane data for the same bearer is delivered by leveraging radio resources across a master node and a secondary node via SCG.
[image: image1.png]| S1or NG3 | | NG3 |

v X,, v v !

PDCPye PDCPy& PDCPyr PDCPre
RLCyre RLCre RLCyr RLChr RLCyr RLCure
MAC.re MAC e MAChr MAChr MAChr MAC. e

MeNB (LTE) SgNB (NR) MgNB (NR) SeNB (LTE)





Figure 1. Split bearer via SCG
The concept of split bearer was first introduced in LTE Rel-12 dual connectivity and more enhancements in LTE Rel-13. Since the baseline of LTE-NR tight interworking is the LTE dual connectivity, we could follow the certain existing principles to set the split bearers in NR. In this contribution, we would like to suggest the ways to set split bearers in NR and the related issues to be studied. 

2. Discussion
In LTE [3], to improve per-user throughput, inter-node resource aggregation is used by introducing the new bearer type, i.e., split bearer. For split bearers, the S1-U connection to the S-GW is terminated in the MeNB. The SeNB and MeNB are involved in transmitting data of this bearer type over the Uu and PDCP data is transferred between the MeNB and the SeNB via X2-U. In Rel-12, only DL split is supported. In Rel-13, UL split is also supported for the throughput enhancement in UL.

Observation 1: In LTE DC, both DL bearer split and UL bearer split are introduced.

In NR, we believe that the improvement of both throughput in UL and DL is essential. Therefore, both split bearer via MCG and split bearer via SCG shall support DL and UL split.
Proposal 1: In NR, both split bearer via MCG and split bearer via SCG support DL and UL split.
In LTE, for split bearers, the network configures via RRC over which link the UE transmits UL PDCP data (according to ul-DataSplitDRB-ViaSCG in PDCP configuration). Specifically, the MeNB controls the UL direction of split bearers. In case of DL split, if ul-DataPath is set to scg by upper layers, the PDCP PDUs are submitted to the associated AM RLC entity configured for SCG. Otherwise, the PDCP PDUs are submitted to the associated AM RLC entity configured for MCG. In case of UL split, a threshold (i.e., ul-DataSplitThreshold) is also configured to determine whether UL split is performed.

Observation 2: In LTE DC, the MeNB controls the UL direction of split bearers.

In NR, split bearer via MCG is similar to the LTE split bearer. Therefore, we shall follow the same principle to let the master node to control the UL direction. However, for split bearer via SCG, we may need to discuss which node to control the UL direction. Basically, the PDCP configuration (or the related configuration) is set by the secondary node and the master node should not modify or add its configuration. The secondary node is the node which takes cares of the split bearer via SCG, and therefore the setting of the configuration for a split bearer via SCG shall be secondary node’s responsibility. However, there is a risk that all the secondary nodes may configure UEs to send the UL data to MCG while the data available for transmission is smaller than the threshold. The UL resources could be exhausted by such actions. Since the master node is the one to change a bearer to a split bearer via SCG, the master node may consider to signal the assistance information to help the secondary node to set the related configuration for UL direction and maybe the threshold as well. But in this way, each time when the secondary node wants to reconfigure the split bearer via SCG, it may result additional procedure for asking the permission of the master node, which is complicated and inefficient.
Proposal 2-1: For split bearer via MCG, the master node controls the UL direction.
Proposal 2-2: For split bearer via SCG, discuss which node to control the UL direction.
In LTE, for split bearers, Flow control function is applied to control the downlink user data flow to the SeNB [4]. The following functions are provided by the X2 UP protocol:

-
Provision of X2 UP specific sequence number information for user data transferred from the MeNB to the SeNB for a specific E-RAB configured with the split bearer option;

-
Information of successful in sequence delivery of PDCP PDUs to the UE from SeNB for user data associated with a specific E-RAB configured with the split bearer option;

-
Information of PDCP PDUs that were not delivered to the UE;

-
Information of the currently desired buffer size at the SeNB for transmitting to the UE user data associated with a specific E-RAB configured with the split bearer option;

-
Information of the currently minimum desired buffer size at the SeNB for transmitting to the UE user data associated with all E-RABs configured with the split bearer option.

Observation 3: In LTE DC, flow control function is applied to control the downlink user data flow to the SeNB for a split bearer.
In general, the control of downlink user data flow is also required for split bearer via MCG and split bearer via SCG to dynamically reflect the transmission condition (due to the radio condition and the traffic load) and determine the number of PDCP PDUs to be transmitted by using the radio resource of the secondary node. Therefore, the similar flow control function is required. However, in NR, the control function may be provided on other way, not on X2-like protocol.
Proposal 3-1: For split bearer via MCG, flow control function is applied to control the downlink user data flow to the secondary node.
Proposal 3-2: For split bearer via SCG, flow control function is applied to control the downlink user data flow to the master node.
In LTE, the MeNB asks SeNB to change the bearer types. Figure 2 shows the SeNB addition procedure, which is initiated by the MeNB and is used to establish a UE context at the SeNB in order to provide radio resources from the SeNB to the UE.
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Figure 2. SeNB Addition procedure

As shown in Figure 2, in step 1, the MeNB decides to request the SeNB to allocate radio resources for a specific E-RAB, indicating E-RAB characteristics (E-RAB parameters, TNL address information corresponding to bearer type). Note that for the split bearer option the MeNB may either decide to request resources from the SeNB of such an amount, that the QoS for the respective E-RAB is guaranteed by the exact sum of resources provided by the MeNB and the SeNB together, or even more. The MeNBs decision may be reflected in step 1 by the E-RAB parameters signalled to the SeNB, which may differ from E-RAB parameters received over S1 [3].
Observation 4: In LTE DC, for the split bearer option the MeNB may either decide to request resources from the SeNB of such an amount, that the QoS for the respective E-RAB is guaranteed by the exact sum of resources provided by the MeNB and the SeNB together, or even more. The MeNBs decision may be reflected in step 2 by the E-RAB parameters signalled to the SeNB, which may differ from E-RAB parameters received over S1.
In NR, the setting of split bearer via MCG shall be similar to that of the LTE split bearer. Therefore, we shall follow the same principle. However, for split bearer via SCG, we may need to discuss which node to guarantee the resources provided by the master node and the secondary node to match the QoS for the respective E-RAB. Basically, the related configuration shall be set by secondary node since split bearer via SCG could be regarded as a special case of SCG. The only difference is how much resource the secondary node may ask for the master node to provide for the split bearer via SCG. The secondary node could make its only decision to signal the master node side E-RAB parameters to the master node. Consequently, additional negotiation round would be required, which is complicated and inefficient. Therefore, a much reasonable way for this issue may be the master node to signal its desirable master node side E-RAB parameters and the E-RAB parameters received over S1 to the secondary node for the secondary node to determine whether to accept this split bearer via SCG or not.
Proposal 4-1: For split bearer via MCG, follow the same principle of split bear in LTE.
Proposal 4-2: For split bearer via SCG, discuss which node to guarantee the resources provided by the master node and the secondary node to match the QoS for the respective E-RAB.
3. Conclusions
In this contribution, we give the following proposals related to split bearers in NR.
Observation 1: In LTE DC, both DL bearer split and UL bearer split are introduced.

Proposal 1: In NR, both split bearer via MCG and split bearer via SCG support DL and UL split.
Observation 2: In LTE DC, the MeNB controls the UL direction of split bearers.

Proposal 2-1: For split bearer via MCG, the master node controls the UL direction.
Proposal 2-2: For split bearer via SCG, discuss which node to control the UL direction.
Observation 3: In LTE DC, flow control function is applied to control the downlink user data flow to the SeNB for a split bearer.
Proposal 3-1: For split bearer via MCG, flow control function is applied to control the downlink user data flow to the secondary node.

Proposal 3-2: For split bearer via SCG, flow control function is applied to control the downlink user data flow to the master node.

Observation 4: In LTE DC, for the split bearer option the MeNB may either decide to request resources from the SeNB of such an amount, that the QoS for the respective E-RAB is guaranteed by the exact sum of resources provided by the MeNB and the SeNB together, or even more. The MeNBs decision may be reflected in step 2 by the E-RAB parameters signalled to the SeNB, which may differ from E-RAB parameters received over S1.
Proposal 4-1: For split bearer via MCG, follow the same principle of split bear in LTE.

Proposal 4-2: For split bearer via SCG, discuss which node to guarantee the resources provided by the master node and the secondary node to match the QoS for the respective E-RAB.
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