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1 Introduction

As a potential solution for small cell enhancement, dual connectivity to both macro cell and small cell is considered and radio protocol architecture for it is being intensively discussed.
As described in [1], there are 7 alternatives (A1, 2A, 2C, 2D, 3A, 3C, and 3D) for U-Plane architecture and among them, 3 alternatives (3A, 3C, and 3D) are for support of bearer split in RAN.

Although those alternatives for bearer split are intended for user throughput enhancement, it is obvious that they need extra complexity than other alternatives. Because it is natural and also important to evaluate whether the added complexity is justified by throughput gains, this paper tries to address LCP complexity details for bearer split.
2 PBR enforcement in LCP procedure
Before going to discuss details, it may be useful to first discuss MAC modelling in dual connectivity. In dual connectivity, there are independent schedulers in different eNBs. Because most of MAC functions are scheduler-specific, e.g., scheduling request, DRX, and etc, it is natural to have independent MAC per eNB. I.e., MAC functions are independently preformed per eNB.
Assumption: There are independent MAC for MeNB and SeNB (called MAC-m and MAC-s).

The UE manages the sharing of uplink resources between RBs by Logical Channel Prioritization (LCP) procedure. 
In legacy system, a logical channel priority and a prioritized bit rate (PBR) are given to each RB. By using them, LCP procedure is performed in a way that the PBR for each RB is enforced to available transmitting resources according to its priority.
In bearer split alternatives, a new RB structure where PDCP-two RLC-two MAC for one direction is required. If the PBR is given to each RB, MAC-m and MAC-s may enforce the PBR to their transmitting resources respectively at the same time assuming that they independently perform their LCP procedure. It results in that actual PBR is enforced twice to MAC-m and MAC-s.

Figure 2 shows an example. It is assumed:

· RB1: highest priority, PBR1=500, and only applicable in MeNB.
· RB2: middle priority, PBR2=300, and only applicable in SeNB

· RB3: lowest priority, PBR3=400, and applicable in both MeNB and SeNB (i.e., split bearer)

In this example, when the UL resources are available for MeNB and SeNB, independent LCP procedure is performed per MAC, i.e., RB1 and RB3 in MAC-m and RB2 and RB3 in MAC-s. Accordingly, the PBR3 of RB3 is enforced twice to both MAC-m and MAC-s, i.e., actual PBR of RB3 is 800 which is doubled.
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Figure 1: In bearer split alternatives, PBR enforcement
Observation 1: For bearer split alternatives (3A, 3C, and 3D), modification is needed in PBR enforcement.
3 Conclusions

In this paper, MAC impacts added for bearer split alternatives were analyzed. The following is proposed to discuss in RAN2:
Assumption: There are independent MAC for MeNB and SeNB (called MAC-m and MAC-s).

Observation 1: For bearer split alternatives (3A, 3C, and 3D), modification is needed in PBR enforcement.
Proposal 1: To capture the TP in TR 36.842

4 Text Proposal for TR 36.842
8.1.1.6
Alternative 3A

Alternative 3A is the combination of S1-U that terminates in MeNB + independent PDCPs for split bearers. It is depicted on Figure 7.1.1.6-1 below, taking the downlink direction as an example.
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Figure 8.1.1.6-1: Alternative 3A

The expected benefits of this alternative are:

-
SeNB mobility hidden to CN;

-
utilisation of radio resources across MeNB and SeNB for the same bearer possible;

-
little or no impact to PDCP/RLC and GTP-U/UDP/IP;

-
relaxed requirements for SeNB mobility (MeNB can be used in the meantime).

The expected drawbacks of this alternative are:

-
need to route, process and buffer all dual connectivity traffic in MeNB;

-
security impacts due to ciphering being required in both MeNB and SeNB;

-
new layer above PDCP required to take care of reordering;

-
for the bearers handled by SeNB, forwarding between SeNBs at SeNB change;

-
in the uplink, logical channel prioritisation impacts for handling RLC retransmissions and RLC Status PDUs (restricted to the eNB where the corresponding RLC entity resides) and for handling PBR enforcement across MeNB and SeNB;
-
no support of local break-out and content caching at SeNB for dual connectivity UEs.

8.1.1.7
Alternative 3B

This alternative is FFS pending clarifications on the functional split between Master and Slave PDCP.

8.1.1.8
Alternative 3C

Alternative 3C is the combination of S1-U that terminates in MeNB + bearer split in MeNB + independent RLCs for split bearers. It is depicted on Figure 7.1.1.8-1 below, taking the downlink direction as an example.
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Figure 8.1.1.8-1: Alternative 3C

The expected benefits of this alternative are:

-
SeNB mobility hidden to CN;

-
no security impacts with ciphering being required in MeNB only;

-
no data forwarding between SeNBs required at SeNB change;

-
offloads RLC processing of SeNB traffic from MeNB to SeNB;

-
little or no impacts to RLC;

-
utilisation of radio resources across MeNB and SeNB for the same bearer possible;

-
relaxed requirements for SeNB mobility (MeNB can be used in the meantime).

The expected drawbacks of this alternative are:

-
need to route, process and buffer all dual connectivity traffic in MeNB;

-
PDCP to become responsible for routing PDCP PDUs towards eNBs for transmission and reordering them for reception;

-
flow control required between MeNB and SeNB;

-
in the uplink, logical channel prioritisation impacts for handling RLC retransmissions and RLC Status PDUs (restricted to the eNB where the corresponding RLC entity resides) and for handling PBR enforcement across MeNB and SeNB;

-
no support of local break-out and content caching at SeNB for dual connectivity UEs.

8.1.1.9
Alternative 3D

Alternative 3D is the combination of S1-U that terminates in MeNB + bearer split in MeNB + master-slave RLCs for split bearers. It is depicted on Figure 7.1.19-1 below, taking the downlink direction as an example.
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Figure 8.1.1.9-1: Alternative 3D

The expected benefits of this alternative are:

-
SeNB mobility hidden to CN;

-
no security impacts with ciphering being required in MeNB only;

-
no data forwarding between SeNBs required at SeNB change;

-
little or no impacts to PDCP;

-
utilisation of radio resources across MeNB and SeNB for the same bearer possible;

-
relaxed requirements for SeNB mobility (MeNB can be used in the meantime, and no data forwarding required at SeNB change;

-
FFS: packet loss between MeNB and SeNB covered by RLC’s ARQ;

The expected drawbacks of this alternative are:

-
need to route, process and buffer all dual connectivity traffic in MeNB;

-
RLC to become responsible for routing the RLC PDUs towards the eNBs;

-
flow control required between MeNB and SeNB;

-
extension of RLC SN space may be needed to tackle Xn latency (backhaul delay becomes part of RLC RTT);

-
application with RLC UM requires adoption of UMD PDU Segment;

-
for RLC status reports to reach MeNB, relaying over Xn is needed;

-
re-segmentation header (SO - 2bytes) always added to SeNB RLC PDUs during segmentation;

-
need to define RLC PDU as a possible T-PDU in GTP-U;
-
in the uplink, logical channel prioritisation impacts for handling PBR enforcement across MeNB and SeNB;
-
no support of local break-out and content caching at SeNB for dual connectivity UEs.
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