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1. Introduction
As captured in TR36.842 [1], RAN2 has identified 3 options for the splitting of U-Plane data in support of Dual Connectivity in Small Cell deployments in order to improve throughput and system capacity. 
The study of RAN aspects of small cells includes an examination of the challenges that arises from the splitting the U-Plane data traffic.
When considering the across macro and small cells that are connected with non-ideal backhaul in order to achieve per-user throughput and system capacity benefits there needs to be consideration of the information that the network needs to perform scheduling of User plane data.

2. UL Control Signalling

In a “Small Cell” scenario for 3GPP LTE, a terminal may be simultaneously served by a macro cell and one or more small cells. These may operate at different frequencies, have different traffic loading and support different QoS (Quality of Service). 
As described in [2] one feasible approach is to transmit PUCCH to the small cell if it is for the small cell. So then the UE may be required to handle PUCCH both in the PCell and in the SCell.
As described in [3], for the UL control channels, it makes sense that the UL Control signaling [PUCCH (CSI, HARQ-ACK/NACK, SR), SRS] should directly go to the cell providing the corresponding PDSCH/ PUSCH resources. 
As noted in several contributions including [4] having PUCCH+PUCCH UL transmissions would be something that is not possible currently and hence would require some further RAN1/4 studies.
As described in [5] to support uplink transmission, both PRACH and PUCCH need to be supported in the small cell as well. PRACH, for example, is needed to obtain a separate time alignment with the small cell eNB if the small cell schedules DL-SCH independently from the macro cell,
From [4] we note the following three options for UL transmissions (this could be UE type dependant, where multiple implementations for UEs are possible):

1. UE will only perform UL transmission to one eNB at one time. That is, the UL transmission of two links is multiplexed in the time domain
2. Simultaneous UL transmission for all the UL channels
3. Simultaneous transmission for part of the UL channels

This could be included in the small cell TR by including the following text in section 7.1.1 as shown in Appendix A:

“Inter-node radio resource aggregation will require the UE to perform either simultaneous transmission for all or part of the UL channels or the multiplexing of UL transmissions in the time domain”
3. Discussions on information that the network needs to perform scheduling of User Plane data
The Buffer Status reporting procedure is used to provide the serving eNB with information about the amount of data available for transmission in the UL buffers of the UE.

Current mechanisms in LTE for reporting uplink buffer status were designed under the assumption of a single uplink carrier for control signalling, and single set of (semi-statically configured) logical channels for uplink data transmission. For the Small Cell case this does not allow data (i.e. logical channels) to be easily distinguished in terms of which uplink carrier would be most appropriate for transmission.
For optimum sharing of radio resources amongst users in a small cell deployment buffer status reporting and scheduling requests may need to be made to depend on which carriers are currently available. For example, in a typical case a macro cell and a small cell would be controlled by different eNodeBs, which may schedule uplink transmissions independently. In addition at least some uplink control signalling (e.g. UE initiated RRC signalling) will be sent to the relevant eNodeB. Similarly, if the macro cell and small cells provide different latencies, it would be appropriate to route data for applications requiring low latency (e.g. VoIP) via the most appropriate cell. Further, if the macro cell is relatively more heavily loaded, then low priority high volume data should be routed via the small cell.
The design of the buffer status reporting will depend on the logical channel structure used for dual connectivity, for example in User Plane alternatives 1A, 2A, 2C and 2D , for the transmission of uplink data, radio resource allocation is restricted to the eNB where the Radio Bearer terminates. For alternative 1A, the bearer management would have to be performed at the MME, which would make dynamic scheduling more difficult. For Options 3A and 3C, in the uplink, logical channel prioritisation impacts the handling of RLC retransmissions and RLC Status PDUs (these would be restricted to the eNB where the corresponding RLC entity resides). Generally for the QoS architecture in LTE, bearer management would involve the management of particular data streams which can be represented in the network as EPS bearers.
Proposal 1:

When a macro cell and a small cell are each controlled by a different eNodeB the network determines which particular data stream (or streams) should be sent via a particular cell. 
Depending on the final architecture decisions taken in RAN2 for the splitting of the U-Plane transmissions across macro and small cells, at least it seems to make sense that network would make the scheduling decision as to the which cell a particular data stream is associated to.
If we have an architecture that supports dual connectivity through small cells then it may be possible that the reporting of buffer status is best performed either on a per cell basis or for multiple cells, but the presence of independent UL channels would imply that the criteria of sending UL control information such as BSR, SR or RACH should be determined independently for each cell.
Proposal 2: 

The network controls the association of a data stream to a logical channel that is then associated with a particular cell.
Different cells controlled by different eNBs may support different QoS (in terms of latency and throughput), or at least in terms of the QoS they can support efficiently. Use of dual connectivity may also have an impact on achievable QoS per cell (e.g. if coordination between schedulers in different eNBs is required, latency can be degraded). A better match between QoS requirements for a given data stream and the capability of a particular cell would lead to more efficient use of resources overall. 

This could be included in the small cell TR by including the following text in sections 5.14 and 5.24 as shown in Appendix A:

"When considering the efficient usage of radio resources care should be taken to ensure that the network controls the association of a data stream to a logical channel for a given cell resource."

4. Conclusion
The following proposals are discussed:

1. When a macro cell and a small cell are each controlled by a different eNodeB. The network determines which particular data stream (or streams) should be sent via a particular cell

2. The network controls the association of a data stream to a logical channel that is then associated with a particular cell.
A text proposal for TR36.842 is shown in appendix A
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Appendix A: Text Proposal

5.1.4
Difficult to improve per-user throughput by utilizing radio resources in more than one eNB

Different services and bearers typically have different QoS characteristics. For example, VoIP traffic has tight delay requirements but does not require high bit rates and can tolerate rather high packet losses. In contrast, best effort traffic benefits from higher bitrates but is less delay sensitive as compared to VoIP traffic. It is desirable to take such QoS requirements into account when multiple cell resources are available. However, if non-ideal backhaul as in [3] is utilised between macro and small cells, increasing user throughput by utilising radio resources across those of cells while taking QoS requirements into account is a challenge. 
When considering the efficient usage of radio resources care should be taken to ensure that the network controls the association of a data stream to a logical channel for a given cell resource.
For Scenario #1, CoMP can be considered as a way of utilising multiple cell resources as specified in TR 36.819 [7]. Nevertheless, Rel-11 CoMP assumed that small cells are low power RRHs using ideal backhaul. With non-ideal backhaul between macro and small cells, Rel-11 CoMP may not work well due to larger backhaul latency.

Furthermore, if the macro cell edge is also the area boundary served by the different eNBs, and a small cell is deployed as such that it covers the area boundary of different eNBs as shown in Figure 5.1.4-1, there would be a region that CoMP cannot be configured for the UE (Right half of a small cell in Figure 5.1.4-1). This is because Rel-11 CoMP can only support the case where all serving transmission points are served by the same eNB.

Since technology potential compared to the existing interference coordination functionalities has not been justified, the per-user throughput enhancement for Scenario #1 is deprioritised in this study. Whether the protocol architecture developed for Scenario #2 can support Scenario #1 can be considered later.
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Figure 5.1.4-1: Issue on the CoMP/CA deployment at the macro cell edge
5.2.4
Difficult to improve per-user throughput by utilizing radio resources in more than one eNB

Increasing user throughput by utilising radio resources across cells, while taking into account QoS requirements, is a challenge also in Scenario #2.

For Scenario #2, CA could be considered as a way of utilising multiple cell resources as specified in TS 36.300 [5]. Nevertheless, Rel-10/11 CA assumes that small cells are low power RRHs using ideal backhaul. With non-ideal backhaul between macro and small cells, Rel-10/11 CA may not work well due to larger backhaul latency.
The same issue as in Scenario #1 can be considered when a small cell is deployed as such that it covers the area boundary of difference eNBs as described in subclause 5.1.4.

When considering the efficient usage of radio resources care should be taken to ensure that the network controls the association of a data stream to a logical channel for a given cell resource.
7.1.1
Inter-node radio resource aggregation (for Scenario #2)
Inter-node radio resource aggregation is a potential solution for improving per-user throughput. This can be done by aggregating radio resources in more than one eNB for user plane data transmission as illustrated in Figure 7.1.1-1. Depending on realization of this solution, signalling overhead towards the CN can potentially be saved by keeping the mobility anchor in the macro cell as described in subclause 5.2.3.
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Figure 7.1.1-1: Inter-node radio resource aggregation
Inter-node radio resource aggregation will require the UE to perform either simultaneous transmission for all or part of the UL channels or the multiplexing of UL transmissions in the time domain
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