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1 Introduction 
In RAN #58, a Rel-12 Study Item “Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects” has been approved, which is a follow-on study after the completion of another Study Item targeting scenarios and requirements for small cell enhancements [1][2]. In this contribution, we discuss physical layer aspects of dual connectivity support, including CA extensions for intra-eNB and inter-eNB carrier aggregation (CA) and non-CA based dual connectivity support, and their physical layer impacts on power control, resource partitioning, and HARQ-ACK feedback.
2 Discussion
Inter-site CA is defined as carrier aggregation, from a UE perspective, involving at least two different transmission and reception points with at least two different carriers. Inter-site carrier aggregation (inter-site CA) is considered as one of important deployment scenario, particularly combined with the separation of C-plane and U-plane and support of dual connectivity to macro and small cell layers, for providing efficient support of mobility and high spectral efficiency per area in hotspots or densely populated areas. 
In terms of coordination between macro and small-cell layers, inter-site CA can be classified into ideal backhaul (typically, intra-eNB CA cases) and non-ideal backhaul (non-intra-eNB CA cases) cases as below. 

· Ideal-backhauling:

·  Dynamic scheduling coordination between macro and small cells, similar to Rel-11 CoMP
· Limited backhauling:

· Semi-static coordination between macro and small cells.
2.1 Inter-site CA with ideal backhaul

Rel-11 CoMP Scenarios 3 and 4 are based on the assumption of ideal backhauling between macro and small cells and thus support inter-site CA consisting of the macro and small cells that are connected with ideal backhaul. Although we believe the main focus of the Rel-11 SCE Study Item should be the non-ideal backhaul case, there are some issues that need to be resolved for the case with ideal backhaul.
Let us consider the case where the macro and small cell layers operate on different frequencies and UE is configured with both macro-cell layer and small-cell layer carriers. For downlink, the UE can receive simultaneous transmissions from the macro and small cells. For uplink, some UEs may need to transmit only on the small cell carrier instead of transmitting on the macro cell carrier or on both carriers because they have a larger SINR with the receive antennas at the small cell site than at the macro cell site. 

We note that the potential benefits from the C-plane termination at the macro-layer in terms of coverage and mobility control are only viable when the macro-cell is configured as the UE’s primary cell. In Rel-10/11, PUCCH transmission is required to be transmitted only on the UE’s primary cell. However, for UEs with a smaller path-loss toward the small cell site, it is definitely beneficial in terms of the UE’s power consumption and inter-cell interference control to transmit PUCCH on the small-cell carrier. Hence, considering the potential benefits of the CP/UP separation, PUCCH transmission on a non-primary small cell needs to be included as an important enhancement feature for inter-site CA with ideal backhaul.
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Figure 1: A UE with inter-site CA located closer (in radio distance) to the small cell  
2.2 Inter-site CA with non-ideal backhaul

Generalization of Rel-10/11 CA:
Rel-10/11 CA requiring immediate and dynamic scheduling coordination between carriers can support intra-eNB CA but a more general form of CA may include both inter- and intra- eNB CA. In the case of inter-eNB CA with limited backhaul, the centralized scheduling for carriers belonging to different eNBs may not be feasible due to latency and/or capacity limit of the backhaul. Hence, Rel-10/11 CA does not fully support the generalized CA including inter-eNB CA with limited backhauls.

Figure 1 shows an example of inter-site CA, where the UE is configured with multi carriers supported at each of the macro and small cell sites. Assuming a limited backhaul, the macro-cell eNB and the small-cell eNB need to perform separate/independent scheduling between them for PDSCH and PUSCH. This thus requires the two eNBs to separately manage their DCI and UCIs. For UCI, the UCI for the macro cell should be transmitted to the macro-cell site and the UCI for the small cell to the small-cell eNB site. Also it is worthwhile to note that Rel-10 CA is supportable without modification at least for carriers belonging to the same eNB. 

In the following, we describe a CA extension to support inter-site CA with limited backhaul. In Fig.1, among the carriers configured for the UE, the carriers belonging to the same eNB can be grouped into the same carrier (cell) group and the carriers belonging to different eNBs are grouped into different carrier groups. In general, the UE under the inter-site CA can be configured with a carrier group consisting of carriers operated by the macro-cell eNB (also called the master eNB) and with another carrier group consisting of carriers operated by the small-cell eNB (also called the secondary eNB). A Rel-10 CA-like mechanism then can be applied to each carrier group: cross-carrier scheduling, HARQ-ACK feedback etc. are performed on a per-carrier-group basis.
Simultaneous or no simultaneous UL transmission:

To support dual connectivity for non-ideal backhauls, the UCI may need to be transmitted on the macro and small cells separately. Depending on the geometry and uplink CA capability of the UE (whether the UE supports one carrier or more than carrier in uplink), the UE may be configured to transmit simultaneously or non-simultaneously. If simultaneous transmission is not allowed, uplink resource partitioning over the master eNB and the secondary eNB can be introduced (e.g., using TDM between the macro and small cells). 
We note that even if the UE is allowed with simultaneous Tx on both macro and small cells, such simultaneous UL transmission may require coordination between the macro and small cell groups for appropriate control of the UE’s power by taking into account the total transmit power limit. If simultaneous UL transmissions are not allowed, the master eNB and the secondary eNB may need to be coordinated so that UL transmissions targeting for the two eNBs do not overlap in the same subframe. Resource partitioning between the two carrier groups, i.e., TDM would be a preferable solution in this case.
Resource partitioning and HARQ-ACK feedback:
Assuming semi-static coordination between the two macro and small cell nodes, the resource partitioning is controllable only in a semi-static manner. The uplink HARQ-ACK feedback resource partitioning between different nodes results in resource partitioning for PDSCH as well because of the timing relation between PDSCH and HARQ-ACK feedback, i.e., in FDD, HARQ-ACK in subframe n+4 in response to PDSCH in subframe n. If the resource partitioning over different nodes applies for PDSCH, the UE can be allowed to perform PDCCH (EPDCCH) monitoring for limited search spaces on each carrier, which can save the UE’s battery consumption.  
To maintain the peak rate of the downlink, uplink HARQ-ACK feedback may respond to multiple PDSCH transmissions by employing HARQ-ACK bundling or multiplexing. Note that the time-domain HARQ-ACK bundling/multiplexing already exists in TDD HARQ-ACK feedback. A similar method can be employed [3].

Uplink power control issues:
Although the non-ideal backhaul condition requires separate power control between the macro and small cell nodes, some degree of coordination between the nodes is necessary so that each note can estimate the power headroom for the its cell group and its dependence on the transmission for the other cell group. 
For power limited UEs, uplink subframes can be grouped into following three types. 

· Subframes dedicated for the master eNB

· Subframes dedicated for the secondary eNB

· Subframes for both the master and secondary eNBs

For subframes dedicated to either the master eNB or the secondary eNB, the uplink scheduling and power control can be done completely independently between the nodes. For subframes for both the master and secondary eNBs, information about the scheduling and power control of the other node can be helpful for each node, for example, the UE can provide power headroom reports about cells belonging to the other cell group to each node.
In case transmissions for the master and secondary eNBs coincide in the same subframe, simultaneous transmission with power allocation or exclusive transmission can be adopted based on prioritization of channels and signals. The prioritization can be done considering the nature of transmitting information and the targeting eNB. For example, PUCCH for the master eNB can be given the highest priority.

Support of dual connectivity for single Rx/Tx UEs

Non-CA capable UEs can support dual connectivity by employing, at the UE, carrier switching between macro and small cell carriers. This type of carrier switching requires downlink/uplink resource partitioning over the nodes, which can be done in a similar way as the subframe set allocation for power limited UEs described above. For UEs with multi-Rx and a single Tx, carrier switching applies for the uplink only. Considering the benefits of dual connectivity, dual connectivity support for non-CA capable UEs through carrier switching is preferred. 
2.3 Support of dual connectivity for co-channel deployments 
If dual connectivity is to be supported even for co-channel deployments, where the macro and small cells operate on the same frequency as in Scenario 1, resource separation between the two nodes is necessary to avoid a large interference between the macro and small cells. This can also be done using cell-specific TDM-based resource partitioning. Despite benefits of dual connectivity, such TDM based resource partitioning accompanies a large performance loss for the small cell since now some parts of resources are reserved for the macro cell. Further such TDM-based partitioning can still create a significantly large interference from the small cell’s common control channels (PBCH, PSS/SSS, CRS etc)  to the radio link between the UE and the macro cell, when the UE is located  around the small cell center.

As an alternative approach to co-channel dual connectivity, a shared-cell ID deployment can be used, i.e., the macro and small cells share the same cell ID, which is similar to CoMP scenario 4 but with non-ideal backhaul. Such a shared-cell ID approach eliminates common control channel/signal interference between the macro and small cells, and can provide the benefits such as mobility management that would have been possible with dual connectivity in the separate-cell ID approach. 
3 Conclusions

In this contribution, we have discussed a generalized CA, which extends the Rel-10/11 CA mechanism to support inter-eNB CA with idea and limited backhauls. As potential enhancement features for such CA generalization, the following issues have been discussed and suggested.

· PUCCH transmission on a non-primary cell
· Generalization of CA characterized by 

· Per-node basis Rel-10/11 CA and 

· UL/DL resource partitioning over nodes
· Uplink power control enhancements
· Support of dual connectivity for single Rx/Tx UEs
· Shared-cell ID approach for co-channel deployments
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