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1.
Introduction
In the Small Cell Enhancement SI, RAN2 has considered 7 alternatives for the UP protocol architectures. Among them, one category of alternatives (Alt 2D/3D) is Master-Slave RLC where RLC layer is distributed in MeNB and SeNB, as shown in Figure 1. This document discusses potential RLC impacts required to support Master-Slave RLC architecture.
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(a) Alternative 2D                                                   (b) Alternative 3D          
Figure 1. UP architecture alternatives supporting Master-Slave RLC
2.
RLC impacts in Master RLC
The M-RLC in MeNB is almost same as legacy RLC. It performs SDU buffering, PDU formatting (i.e. Segmentation & Concatenation), and Retransmission. The only difference is that the M-RLC performs PDU formatting with arbitrary size and transmits it to lower layer (i.e. S-RLC) at arbitrary time.
In legacy RLC, the RLC transmitter constructs the PDU so that it fits into the size indicated by MAC. However, in Master-Slave RLC architecture, the M-RLC cannot construct the PDU based on the MAC indication due to the long delay in non-ideal backhaul. Therefore, the M-RLC constructs the PDU with arbitrary size. 

Allowing arbitrary PDU size makes the PDU formatting function unnecessary in M-RLC. That is, the M-RLC can construct a PDU just attaching RLC header to a SDU. For Control PDU, the M-RLC constructs a RLC STATUS PDU including all the required information.
Once a PDU is constructed, the M-RLC transmits it to S-RLC at arbitrary time. Since the M-RLC does not know the actual transmission time of the PDU in SeNB, the M-RLC transmits it to S-RLC at any time the M-RLC wants to do so.
Observation 1. The Master RLC transmits RLC PDUs with arbitrary size to the Slave RLC at arbitrary time.

3
RLC impacts in Slave RLC

From the observation 1, it is easily understood that the S-RLC requires transmission buffer (to handle RLC PDUs received at arbitrary time) and PDU formatting function (to handle arbitrary PDU size).
In the other UP alternatives, handling of RLC PDUs received at arbitrary time is covered by legacy PDCP SDU buffer or legacy RLC transmission buffer. However, in Alt 2D/3D, S-RLC requires additional transmission buffer in addition to legacy L2 buffers.
Observation 2. The Slave RLC requires additional transmission buffer to store the RLC PDUs received from the Master RLC at arbitrary time.

The most important function in S-RLC is segmentation. Since the transmitting MAC is located in SeNB, and only the MAC knows the actual size to be transmitted, the S-RLC should perform segmentation of RLC PDUs if the MAC indicated size is smaller than the RLC PDU size. 

It is important to note that the segmentation function in S-RLC is different from that in legacy RLC in that the segmentation is also performed for UMD PDU and RLC STATUS PDU. In legacy RLC, the segmentation is only performed for AMD PDU (i.e. resegmentation), but in S-RLC, the segmentation should be performed for all RLC PDUs received from M-RLC.
The need for segmentation of UMD PDU is already captured in TR 36.842. But the need for segmentation of RLC STATUS PDU has not been captured, which has more severe impact on RLC protocols.

In legacy RLC, the STATUS PDU is always fit to the MAC indicated size because the AM RLC constructs the STATUS PDU by including status information only up to the point where the resulting STATUS PDU size fits to the MAC indicated size. However, in Master-Slave RLC architecture, the M-RLC constructs the STATUS PDU without knowing the MAC indicated size, and it is possible in S-RLC that the STATUS PDU size is smaller than the MAC indicated size. In this case, the S-RLC should perform segmentation of RLC STATUS PDU. 
Observation 3. The Slave RLC should perform segmentation of RLC PDU received from Master RLC if the MAC indicated size is smaller than the size of RLC PDU.  It is applicable to all types of RLC PDUs including UMD PDU and STATUS PDU.
4
Proposal
This document discusses on potential RLC impacts caused by Master-Slave operation. The following observations are made.

Observation 1. The Master RLC transmits RLC PDUs with arbitrary size to the Slave RLC at arbitrary time.

Observation 2. The Slave RLC requires additional transmission buffer to store the RLC PDUs received from the Master RLC at arbitrary time.

Observation 3. The Slave RLC should perform segmentation of RLC PDU received from Master RLC if the MAC indicated size is smaller than the size of RLC PDU.  It is applicable to all types of RLC PDUs including UMD PDU and STATUS PDU.
We think the observation 3 is one of main drawback of Master-Slave RLC architectures, and propose to capture it in TR 36.842. The draft text proposals for Alt 2D and Alt 3D are shown below.
Proposal. Add the segmentation of RLC STATUS PDU as a drawback for Alt 2D and Alt 3D.
Text Proposal to TR36.842
8.1.1.5
Alternative 2D

Alternative 2D is the combination of S1-U that terminates in MeNB + no bearer split in MeNB + master-slave RLCs. It is depicted on Figure 7.1.1.5-1 below, taking the downlink direction as an example.
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Figure 8.1.1.5-1: Alternative 2D

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;

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

-
little or no impacts to PDCP.

The expected drawbacks of this alternative are:

-
need to route, process and buffer all dual connectivity traffic in MeNB (also for an EPS bearer transmitted only by the SeNB, MeNB required to buffer and process packets down to RLC level)

-
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;
-
application with RLC Control PDU requires adoption of RLC STATUS PDU Segment;
-
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;

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

-
utilisation of radio resources across MeNB and SeNB for the same bearer not possible;

-
for the bearers handled by SeNB, handover-like interruption at SeNB change;

-
in the uplink, logical channel prioritisation impacts for the transmission of uplink data (radio resource allocation is restricted to the eNB where the Radio Bearer terminates);

-
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;
-
application with RLC Control PDU requires adoption of RLC STATUS 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;

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