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Small cell enhancement is viewed as the key to cope with high UE traffic load in hotspot. One of the possible small cell deployment scenarios identified in RAN [1] is a small cell (typically operating on one carrier frequency) in the coverage of a macro-cell (typically operating on a different carrier frequency). When this is the case, tighter integration between the small cell and the macro-cell could improve the efficiency of network operation. For UE that is in coverage of the small cell, the bulk of user plane data can be offloaded to the small cell while the control plane traffic can be handled through the macro-cell. 

To support such a scenario, the protocol stack configuration between the UE, the macro-cell, and the small cell needs to be resolved first. This contribution discusses the protocol stack design options, and the pros and cons of each option. 

Protocol Stack Designs with Local-area Nodes in Macro-cell Coverage
Basic Considerations
Based on the dual connectivity assumption described above, a UE is connected to a small cell for user plane traffic, and the controlling macro cell for both user plane and control plane traffic.  To support non-ideal backhaul links with higher latencies, an independent MAC is needed in the small cell for dynamic data scheduling.  In this case, the DL and UL radio bearers, logical channels and traffic channels can be arranged as shown in Figure 1 and Figure 2.

On the downlink, SRBs, PCCH, and the BCCH are sent over the macro-cell PDSCH. Data radio bearers are mostly carried by the small cell PDSCH, with the potential of being carried by the macro-cell PDSCH (marked as dashed line in Figure 1). To support the PDSCHs of both connections, the downlink control channel (PDCCH shown in the figure, and/or E-PDCCH not shown) needs to be supported in the macro-cell as well as the small cell.

On the uplink, SRBs are carried over the PUSCH of the macro-cell.  DRBs are mostly carried over the PUSCH of small cell, with the potential of being carried by the PUSCH of the macro-cell (marked as dashed line in Figure 2). To support uplink transmission, PRACH and PUCCH need to be defined in both the macro-cell and the small cell. PRACH, for example, is needed to obtain separate time alignment with the macro-eNB and the small cell eNB (called “LeNB” in the following), because the LeNB schedules DL-SCH independently from the macro-eNB, PUCCH is also needed in small cell to carry channel state information and HARQ-ACK/NACK associated with the LeNB. 

Depending on where the protocol stack above MAC layer is split between the macro-eNB and the LeNB, a DRB and the associated DTCH conceivably may reside in either the macro-cell or the small cell. 


[bookmark: _Ref338600538]
[bookmark: _Ref344640143]Figure 1: Mapping between RBs to DL physical channels
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[bookmark: _Ref344640149]Figure 2: Mapping between RBs to UL physical channels

PDCP Sublayer Considerations
In terms of functionality, one important function fulfilled by the PDCP sublayer is security. The PDCP layer provides ciphering and integrity protection for the control plane, and ciphering for the user plane. If the small cell is in coverage of the macro-cell, the PDCP layer is preferably operated as if the small cell is part of the macro-cell, so that the security keys (ciphering and integrity protection) for both control plane and user plane are generated and updated with reference to the macro-eNB.  

RLC Sublayer Considerations
RLC SDUs are fragmented and/or concatenated as necessary in order to fit into the available transmission resources.  This process is closely coordinated by the MAC that indicates to each RLC entity how much data it is allowed to be sent as each transmission opportunity arises.  Due to the close coupling between RLC and MAC layers, it is better to keep RLC and MAC in the same eNB. 

For data offloading via a small cell, logical control channels associated with RLC transparent mode such as BCCH, PCCH, and CCCH are transmitted directly from the macro-eNB. Thus the small cell RLC does not need to have a transparent mode.  

Possible Data Split Points
In this section we discuss 3 possible architectures wherein the Data Radio Bearers are split out at different points of the User plane protocol for delivery to the small cell.
Split before PDCP
While data traffic can be divided into two parallel paths by the S-GW (one from S-GW to the macro-cell, the other from the S-GW to the small cell directly), the signaling traffic through the core network will be increased, especially as the number of small cells become very large.  

One option to support data offload to small cells is to split the user data in the macro-eNB before the PDCP sublayer, i.e. a separate PDCP/RLC/MAC stack is deployed in the small cell while a single RRC is still used at the macro-eNB to perform functions such as mobility, paging, broadcasting, small cell activation/deactivation, security activation/deactivation and UE measurement reports.  

An example is shown in Figure 3, where the data is routed to the macro-cell and then split before PDCP.   In this design, all or a subset of data radio bearers (DRBs) can be assigned to the small cell.  A radio bearer (RB) level inter-cell scheduler (marked as “Data distribution” in Figure 3) may be used at the macro-cell to determine if the RB is to be handled by macro-cell or small cell. Dynamic transport block scheduling is done independently in each cell since a separate MAC is used in the small cell.  Because data splitting occurs above the MAC layer, it can support backhauls with various latencies between the macro-cell and small cell. 

In this case, only user plane data is handled by the small cell while control plane data and data routing is handled by the macro-eNB.   Data offloading occurs in the DRB level, i.e. the small cell carries different DRBs from the macro-eNB.
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Figure 3:   Downlink: Data split before PDCP
In terms of UE implementation, the UE needs to have two separate MACs, one that communicates to the macro-eNB and the other to the small cell eNB.   
 
 Split at the end of PDCP
In this case, a single PDCP layer is maintained in the macro-eNB and data going to the small cell is split after the PDCP layer as shown in Figure 4. An inter-cell data scheduling (marked as “Data distribution” in Figure 4) can be defined in the macro-cell to determine if the RB is to be handled by the macro-cell or the small cell. In the simplest format, this inter-cell data scheduling function can be that all SRBs are handled by the macro-eNB and all DRBs are handled by the LeNB.  The protocol stack in the UE is shown in Figure 5.

The scheme preserves the tighter interaction between MAC and RLC. MAC can indicate failed transmissions to RLC layer. The RLC transmitting entity can immediately retransmit without waiting for a NACK in a status report from the receiving RLC entity. The RLC PDU size can be provided to the RLC layer internally by the MAC layer. 

On the other hand, this scheme does not allow RLC context transfer, i.e. the RLC needs to be reset in case of data offload to a different small cell. Any remaining RLC PDUs are flushed when the protocol stack is re-established at the target cell. To prevent packet loss, the PDCP layer in the macro-eNB may need to implement a retransmission buffer to hold packets until  they are successfully delivered by the RLC in the small cell, such an entity could enable packets to be retransmitted to the UE (if in RLC AM mode) following a handover to the target NodeB. This would require an indication from the RLC layer regarding current status of ongoing data delivery. In addition to the signaling overhead, a large retransmission buffer in the PDCP layer would be needed in order to support higher backhaul latencies. 
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[bookmark: _Ref337499173]Figure 4: Downlink: Data split after PDCP
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Figure 5: Protocol stack between UE, small cell eNB and macro eNB.

Split at the end of RLC
[bookmark: _GoBack]This design option is illustrated in Figure 6, where a single PDCP layer and RLC layer is maintained in the macro-eNB and data going to the small cell is split after the RLC layer. The protocol stack in the UE is shown in Figure 7. Inter-cell data scheduling (marked as “Data distribution” in Figure 6) are implemented in the macro-cell to determine if the RLC packets are to be handled by the macro-cell or the small cell. This design also allows a retransmitted RLC packet to be sent to a cell other than the original RLC packet, thus better leveraging the changing channel conditions between the macro-cell and the small cell.

The scheme, however, does not preserve the tighter interaction between MAC and RLC in case of large backhaul latency between the macro-cell and the small cell. The RLC PDU size is provided to the RLC layer over the backhaul interface by the MAC layer. On the other hand, this scheme does allow RLC context transfer during handover.  RLC does not have to be reset during handover from one LeNB to another LeNB under the coverage of the same macro-eNB. The transmission at the target LeNB continues from the last RLC PDU at the source LeNB when the MAC/PHY protocol stack is re-established at the target LeNB. The macro-eNB is the central node that holds the retransmission buffer, where RLC packets can be retransmitted to the UE (if in RLC AM mode) following handover to the target eNB.
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Figure 6: Downlink: Data split at the end of RLC.
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[bookmark: _Ref338495939]Figure 7: Protocol stack between UE, small cell eNB and macro eNB.

Summary
The pros and cons of the three options discussed above are summarized in Table 1 below.

Table 1: Summary of the pros and cons of different options of data split point
	Splitting point at macro-eNB

	Pros
	Cons

	Before PDCP
	Full protocol stack in small cell eNB. Minimal spec changes between layers in small cell.

	UE may need to maintain two sets of security keys, one toward the macro cell and the other to the small cell.

	Between PDCP and RLC
	· UE maintains a single set of security keys
· Tight coupling between RLC and MAC is maintained in small cell


	· Potential RLC packet loss during handover.
· May need a re-transmission buffer of PDCP PDU
· Additional signalling over backhaul may be needed


	Between RLC and MAC
	· Enable fast data routing between macro and small cell during handover between two small cells

	· MAC indication of transmit opportunity and packet size may not work in case of high backhaul latency




Conclusions
In this contribution, we have discussed a number of possible options for splitting user plane data traffic between a small cell eNB and an overlaying macro-cell eNB for data offloading purposes. It needs to be further studied which option is the best choice for small cell enhancement, considering the benefit and cost trade-off. 
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