
3GPP TSG-RAN2#81bis
R2-131158
15 – 19 April 2013 Chicago, USA
Source:                    
Qualcomm Incorporated
Title:  
Backhaul considerations for user plane architectures for dual connectivity
Document for:        
Discussion and Approval
Agenda Item:         
7.2
1. Introduction
In the last RAN#58, RAN agreed to initiate a study item (RP-122033 [1]) on Small Cell enhancements for E-UTRA and E-UTRAN – Higher-layer aspects.

On of the study item objectives is to:
-
Identify and evaluate potential architecture and protocol enhancements for the scenarios in TR 36.932 and in particular for the feasible scenario of dual connectivity and minimize core network impacts if feasible, including:

-
Overall structure of control and user plane and their relation to each other, e.g., supporting C-plane and U-plane in different nodes, termination of different protocol layers, etc.

This contribution considers the user plane architecture options for dual connectivity in light of the backhaul considerations defined in TS 36.932 [2] in section 6.1.3.
The following working terminology is used throughout the contribution:

Anchor cell: The cell in the eNB terminating the S1-MME control plane for the UE.
Booster cell: An cell serving the UE other than the anchor cell.
NOTE:
The anchor cell is assumed to be used by the UE for security and tracking area management
2. Backhaul considerations

TS 36.932 [2] in section 6.1.3 introduces two types of backhaul options serving an eNB, namely:

1.
Ideal backhaul (2-5 ms and 50 Mbps + capacity); and 

2.
Non-ideal backhaul (5 ms+ and 10 Mbps + capacity).

NOTE: 
These backhaul options indicate the connectivity of the eNB to the CN and not the connectivity between a pair of eNBs but in this contribution these are assumed to be the same.

Corresponding to these two types of backhauls, we propose to consider two types of architectures between the Anchor cell and Booster cell corresponding to the level of coupling and data rate that can be supported by the backhaul.

1.
RLC level partitioning: each RLC PDU may be served by either the Anchor cell or Booster cell

This architecture is similar to the multi-flow architecture defined in UMTS in Rel-11 except the RNC now happens to be collocated with the Anchor cell. The architecture assumes a more ideal backhaul, i.e. low latency and high throughput in order to maximize the potential benefits to system capacity. 


The RLC level partitioning reference architecture is further described in Section 3.
2.
Bearer level partitioning: each bearer for a UE is served by either the Anchor cell or Booster cell

This architecture requires a less tight coupling and also works for a non-ideal backhaul, i.e., medium latency, medium to high throughput backhaul between the Anchor cell and Booster cell. The architecture is intended to improve the overall system robustness, for example, by providing potential mobility, energy savings and load balancing benefits.

The Bearer level partitioning reference architecture is described in Section 4.

3. RLC level partitioning architecture

Figure 1 shows a reference architecture for the RLC level partitioning. 
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Figure 1:  Reference architecture for the bearer level partitioning of the User plane

NOTE:
A new user plane needs to be defined between the Anchor and Booster cells (shown as Xx) to support forwarding RLC packets between cells.

The key features of RLC level partitioning are:

-
Per RLC PDU decision where to serve each packet based on scheduling and load on each cell
- 
Requires a common RLC across serving cells to reorder packets in a bearer

-
Assumes tight coordination between RAN nodes 

-
Level of feedback between the Anchor cell and Booster cell depends on how much MAC/RLC/PDCP functionality is shared between the nodes.

Proposal 1:
RLC level partitioning should be considered as a potential architecture for the user plane enhancements in the small cell SI.

4. Bearer level partitioning architecture

Figure 2 shows a reference architecture for the bearer level partitioning. 
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Figure 2:  Reference architecture for the bearer level partitioning of the User plane
The key features of bearer level partitioning are:

-
Per bearer level decision where to serve each packet based load on each cell
-
No coupling between bearers, so no common PDCP or RLC required between the Anchor cell and Booster cell 

-
Looser coordination between RAN nodes

-
Potential increase of system robustness and reduction of CN signalling, e.g., UE RRC and high QoS data such as VoLTE can be served by the Anchor cell, while best effort data is offloaded to the booster cell.

NOTE:
An alternative architecture (not shown) allows S1-U between the Booster cell and SGW and has the bearers at the Booster cell forwarded directly to the CN. The choice between forwarding the packets via the Anchor cell vs. forwarding directly to the CN is a trade-off between the routing efficiency and the need for changes in the CN.

Proposal 2:
Bearer level partitioning should be considered as a potential architecture for the user plane enhancements in the small cell SI.

5. Summary and Proposal
The following should be considered as a potential architecture options for the user plane enhancements in the small cell SI:
1. RLC level partitioning where each RLC PDU may be served by either the Anchor cell or Booster cell.

2. Bearer level partitioning where each bearer for a UE is served by either the Anchor cell or Booster cell
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