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Introduction
This contribution aims at capturing the outcome of the email discussion on U-Plane Alternatives [R2-131621]. It is based on the latest version of TR 36.842 proposed by the Rapporteur [R2-131627]. Note that because the initial objective of the email discussion was to agree on a qualitative comparison, it focuses on proposed facts, and exclude preferences expressed towards one alternative or the other.
Beginning of Text Proposal

3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
Bearer Split: in dual connectivity, refers to the ability to split a bearer over multiple eNBs.
Dual Connectivity: when a UE in RRC_CONNECTED mode is configured with a Master eNB and a Secondary eNB.
Master eNB: in dual connectivity, the eNB which terminates at least S1-MME and therefore acts as mobility anchor towards the CN.
Secondary eNB: in dual connectivity, an eNB which is not the Master eNB.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

HOF
HandOver Failure
MeNB
Master eNB
RLF
Radio Link Failure

RSRP
Reference Signal Received Power

RSRQ
Reference Signal Received Quality
SeNB
Secondary eNB
ToS
Time of Stay

Next Modified Subclause
7
Potential Solutions
7.1
Dual Connectivity
Dual Connectivity consists in configuring a UE with one MeNB and at least one SeNB. When doing so, we can distinguish 3 options for splitting the U-Plane data:
-
Option 1: S1-U also terminates in SeNB;

-
Option 2: S1-U terminates in MeNB, no bearer split in RAN;

-
Option 3: S1-U terminates in MeNB, bearer split in RAN.
Figure 7.1-1 below depicts those three options taking the downlink direction as an example.
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Figure 7.1-1: Bearer Split Options
In terms of protocol architecture, when S1-U terminates at the MeNB, the protocol stack in the SeNB must at least support (re-)segmentation. This is due to the fact that (re-)segmentation is an operation that is tightly coupled to the physical interface, and when non-ideal backhaul is used, (re-)segmentation must take place in the same node as the one transmitting the RLC PDUs. Based on this assumption, four families of U-plane alternatives emerge:
A.
Independent PDCPs: this option terminates the currently defined air-interface U-plane protocol stack completely per bearer, and is tailored to realize transmission of one EPS bearer by one node, but could also support splitting of a single EPS bearer for transmission by MeNB and SeNB with the help of an additional layer. The transmission of different bearers may still happen simultaneously from the MeNB and a SeNB. 
B.
Master-Slave PDCPs: this option assumes that S1-U terminates in MeNB with at least part of the PDCP layer residing in the MeNB. In case of bearer split, there is a separate and independent RLC bearer, also at UE side, per eNB configured to deliver PDCP PDUs of the PDCP bearer, terminated at the MeNB.

NOTE:
the functional split of Master-Slave PDCP is FFS.
C.
Independent RLCs: this option assumes that S1-U terminates in MeNB with the PDCP layer residing in the MeNB. In case of bearer split, there is a separate and independent RLC bearer, also at UE side, per eNB configured to deliver PDCP PDUs of the PDCP bearer, terminated at the MeNB.

D.
Master-Slave RLCs: this option assumes that S1-U terminates in MeNB with the PDCP layer and part of the RLC layer residing in the MeNB. While requiring only one RLC entity in the UE for the EPS bearer, on the network side the RLC functionality is distributed between the nodes involved, with a “slave RLC” operating in the SeNB. In downlink, the slave RLC takes care of the delay-critical RLC operation needed at the SeNB: it receives from the master RLC at the MeNB readily built RLC PDUs (with Sequence Number already assigned by the master) that the master has assigned for transmission by the slave, and transmits them to the UE. The custom-fitting of these PDUs into the grants from the MAC scheduler is achieved by re-using the currently defined re-segmentation mechanism.

Based on the options for bearer split and U-plane protocol stack above, we obtain the following alternatives:

-
1A: S1-U terminates in SeNB + independent PDCPs (no bearer split);

-
2A: S1-U terminates in MeNB + no bearer split in MeNB + independent PDCP at SeNB;

-
2B: S1-U terminates in MeNB + no bearer split in MeNB + master-slave PDCPs;

-
2C: S1-U terminates in MeNB + no bearer split in MeNB + independent RLC at SeNB;

-
2D: S1-U terminates in MeNB + no bearer split in MeNB + master-slave RLCs;

-
3A: S1-U terminates in MeNB + bearer split in MeNB + independent PDCPs for split bearers;

-
3B: S1-U terminates in MeNB + bearer split in MeNB + master-slave PDCPs for split bearers;

-
3C: S1-U terminates in MeNB + bearer split in MeNB + independent RLCs for split bearers;

-
3D: S1-U terminates in MeNB + bearer split in MeNB + master-slave RLCs for split bearers.
NOTE:
because the functional split of Master-Slave PDCP is FFS, 2B and 3B are also FFS.
In the following subclauses, the main benefits and the main drawbacks of each alternative are analyzed. It is to be noted that those alternatives only represent how dual connectivity can be realised for one UE. They do not restrict the handling of bearers of other UEs, e.g. it is not because Alternative 2C is used for one UE that legacy UEs cannot connect directly to SeNB.
7.1.1
Alternative 1A
Alternative 1A is the combination of S1-U that terminates in SeNB + independent PDCPs (no bearer split). It is depicted on Figure 7.1.1-1 below, taking the downlink direction as an example.
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Figure 7.1.1-1: Alternative 1A
The main benefits of this alternative are:

-
no need for MeNB to buffer or process packets for an EPS bearer transmitted by the SeNB;

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

-
no need to route all traffic to MeNB, low requirements on the backhaul link between MeNB and SeNB and no flow control needed between the two;

-
support of local break-out and content caching at SeNB straightforward for dual connectivity UEs.
The main drawbacks of this alternative are:

-
SeNB mobility visible to CN;
-
offloading needs to be performed by MME and cannot be very dynamic;
-
multiple sets of security keys required;
-
CA/CoMP across MeNB and SeNB not possible;
-
handover-like interruption at SeNB change with forwarding between SeNBs;
-
logical channel prioritisation impacts for the transmission of uplink data (U-plane data from one specific EPS bearer needs to be transmitted towards a specific node using a specific uplink).
7.1.2
Alternative 2A

Alternative 2A is the combination of S1-U that terminates in SeNB + no bearer split in MeNB + independent PDCP at SeNB. It is depicted on Figure 7.1.2-1 below, taking the downlink direction as an example.
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Figure 7.1.2-1: Alternative 1A

The main benefits of this alternative are:

-
SeNB mobility hidden to CN;

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

-
processing of packets for an EPS bearer transmitted by the SeNB limited to routing, without buffering;
The main drawbacks of this alternative are:

-
need to route all traffic to MeNB;

-
multiple sets of security keys required;

-
CA/CoMP across MeNB and SeNB not possible;
-
handover-like interruption at SeNB change with forwarding between SeNBs and PDCP re-establishment;

-
logical channel prioritisation impacts for the transmission of uplink data (U-plane data from one specific EPS bearer needs to be transmitted towards a specific node using a specific uplink);
-
no support of local break-out and content caching at SeNB for dual connectivity UEs.
7.1.3
Alternative 2B
This alternative is FFS pending clarifications on the functional split between Master and Slave PDCP.
7.1.4
Alternative 2C
Alternative 2C is the combination of S1-U that terminates in MeNB + no bearer split in MeNB + independent RLC at SeNB. It is depicted on Figure 7.1.4-1 below, taking the downlink direction as an example.
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Figure 7.1.4-1: Alternative 2A

The main benefits of this alternative are:

-
SeNB mobility hidden to CN;
-
one set of security keys;
-
no data forwarding required at SeNB change;
-
offloads RLC processing from MeNB to SeNB;
-
little or no impacts to RLC.
The main 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 at PDCP level);
-
flow control required between MeNB and SeNB;
-
PDCP to become responsible for reordering and new mechanism needed for PDCP at the UE to conclude when to ignore reception gap;
-
need to resolve packet loss between MeNB and SeNB, and PDCP at MeNB needs to be provided with indications of successful PDU delivery from the SeNB;
-
CA/CoMP across MeNB and SeNB not possible;
-
handover-like interruption at SeNB change;

-
logical channel prioritisation impacts for the transmission of uplink data (U-plane data from one specific RLC bearer needs to be transmitted towards a specific node using a specific uplink);
-
no support of local break-out and content caching at SeNB for dual connectivity UEs.

7.1.5
Alternative 2D
Alternative 2D is the combination of S1-U that terminates in SeNB + no bearer split in MeNB + master-slave RLCs. It is depicted on Figure 7.1.5-1 below, taking the downlink direction as an example.
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Figure 7.1.5-1: Alternative 2D
The main benefits of this alternative are:

-
SeNB mobility hidden to CN;
-
one set of security keys;
-
no data forwarding required at SeNB change;
-
maintains current functional split between PDCP and RLC (reordering, reception-gap handling);
-
packet loss between MeNB and SeNB covered by RLC’s ARQ;
-
little or no impacts to PDCP.
The main 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)

-
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;
-
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;
-
Status exchange between the master and slave RLC entities necessary;
-
CA/CoMP across MeNB and SeNB not possible;
-
handover-like interruption at SeNB change;

-
logical channel prioritisation impacts for the transmission of uplink data (U-plane data from one specific EPS bearer needs to be transmitted towards a specific node using a specific uplink);
-
no support of local break-out and content caching at SeNB for dual connectivity UEs.

7.1.6
Alternative 3A

Alternative 3A is the combination of S1-U that terminates in SeNB + independent PDCPs for split bearers. It is depicted on Figure 7.1.6-1 below, taking the downlink direction as an example.
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Figure 7.1.6-1: Alternative 3A
The main benefits of this alternative are:

-
SeNB mobility hidden to CN;
-
CA/CoMP across MeNB and SeNB 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 main drawbacks of this alternative are:

-
need to route, process and buffer all dual connectivity traffic in MeNB;
-
multiple sets of security keys required and keying material obtention at SeNB unclear;

-
new layer above PDCP required to resolve packet loss between MeNB and SeNB and to take care of reordering, including a new mechanism for the UE to conclude when to ignore reception gap;
-
MeNB needs to be provided with indications of successful PDU delivery from the SeNB;
-
forwarding between SeNBs at SeNB change;
-
logical channel prioritisation impacts for handling RLC retransmissions and RLC Status PDUs;
-
no support of local break-out and content caching at SeNB for dual connectivity UEs.

7.1.7
Alternative 3B
This alternative is FFS pending clarifications on the functional split between Master and Slave PDCP.
7.1.8
Alternative 3C
Alternative 3C is the combination of S1-U that terminates in SeNB + bearer split in MeNB + independent RLCs for split bearers. It is depicted on Figure 7.1.8-1 below, taking the downlink direction as an example.
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Figure 7.1.8-1: Alternative 3C
The main benefits of this alternative are:

-
SeNB mobility hidden to CN;
-
one set of security keys;
-
no data forwarding required at SeNB change;
-
offloads RLC processing of SeNB traffic from MeNB to SeNB;
-
little or no impacts to RLC;
-
CA/CoMP across MeNB and SeNB possible;
-
relaxed requirements for SeNB mobility (MeNB can be used in the meantime, PDCP re-establishment not required).

The main drawbacks of this alternative are:
-
need to route, process and buffer all dual connectivity traffic in MeNB;

-
PDCP to become responsible for reordering and new mechanism needed for PDCP at the UE to conclude when to ignore reception gap;
-
need to resolve packet loss between MeNB and SeNB, and PDCP at MeNB needs to be provided with indications of successful PDU delivery from the SeNB;
-
flow control required between MeNB and SeNB;

-
logical channel prioritisation impacts for handling RLC retransmissions and RLC Status PDUs;
-
no support of local break-out and content caching at SeNB for dual connectivity UEs.

7.1.9
Alternative 3D
Alternative 3D is the combination of S1-U that terminates in SeNB + bearer split in MeNB + master-slave RLCs for split bearers. It is depicted on Figure 7.1.9-1 below, taking the downlink direction as an example.
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Figure 7.1.9-1: Alternative 3D
The main benefits of this alternative are:

-
SeNB mobility hidden to CN;
-
one set of security keys;
-
CA/CoMP across MeNB and SeNB possible;
-
relaxed requirements for SeNB mobility (MeNB can be used in the meantime, and no data forwarding required at SeNB change (PDCP re-establishment not required) ;
-
maintains current functional split between PDCP and RLC (reordering, reception-gap handling);
-
little or no impacts to PDCP;
-
packet loss between MeNB and SeNB covered by RLC’s ARQ;
-
no impact to logical channel prioritization in uplink (SeNB simply forwards everything to MeNB).
The main drawbacks of this alternative are:

-
need to route, process and buffer all dual connectivity traffic in MeNB;
-
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;
-
status exchange between the master and slave RLC entities necessary;
-
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.

End of Text Proposal
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