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1 Introduction
In the study item of Rel-12 small cell enhancement–higher layer aspects [1], dual connectivity has been proposed and captured in TR36.842. Dual connectivity refers to the operation where a given UE consumes radio resources provided by at least two different network points connected with non-ideal backhaul. The potential benefits for dual connectivity may include supporting inter node resource aggregation and reducing the number of handovers. 
In this contribution, dual connectivity is discussed from the physical layer perspective and the related RAN1 specification impacts are identified.
2 Discussion
An illustration of dual connectivity is shown in figure 1, where UE2 aggregates the carriers from the macro and the small cell, which are connected via non-ideal backhaul. The RRC connection is maintained in the macro eNB and U-plane data can be transmitted from/to the macro and the small cell eNB. The potential benefits for dual connectivity may include supporting inter node carrier aggregation and reducing the number of handovers. In inter frequency deployment of macro and small cells (i.e. scenario #2a in [3]), both benefits on throughput and handover can be obtained by dual connectivity. However, in case of co-channel deployment of macro and small cells, only the benefit on handover may be obtained while the UE throughput may be decreased. In this section dual connectivity is discussed for these two scenarios.

[image: image1.wmf]R

R

C

 

&

 

D

R

B

D

R

B

Macro cell

Small cell

C

C

1

C

C

2

UE

2

UE

1


Figure 1: An illustration of dual connectivity
2.1 Inter frequency dual connectivity
The inter frequency dual connectivity aims to support inter-site carrier aggregation over non-ideal backhaul, which is different from the current carrier aggregation scenarios with ideal backhaul assumed. In the existing carrier aggregation mechanisms, data transmission on multiple carriers is managed by a single scheduler and a carrier aggregation UE always transmits PUCCH on the Pcell no matter uplink CA is configured or not. In inter-site carrier aggregation, the radio resources are scheduled in each eNB and UE is required to receive/transmit according to each eNB’s scheduling decisions. In particular, UE should monitor the DL control signaling from each eNB and transmit uplink control signaling to the respective eNB. Therefore specification work is needed. The L1 design to support this feature may depend on the UE UL CA capability, which is discussed separately below.
· For UEs capable of UL CA

The design would be simple if UE supports UL CA. In order to support separate scheduling from two eNBs, UE should be able to transmit uplink control signaling on the two carriers individually, including CSI feedback, HARQ-ACK feedback, etc. Depending on the RAN2 decision for the small cell protocol architecture, individual scheduling request for each component carrier may also be needed if the UE have separate radio bearers with the macro and small cell. 
If UCI is enabled in Scell UL, uplink power control should also be studied to support simultaneous UCI transmission on Pcell and Scell.
· For UEs not capable of UL CA

It is likely that low end UEs may not support uplink carrier aggregation. If it is desirable that dual connectivity should be supported by these UEs, significant specification work is needed to support separate UL transmissions to macro and small cell eNBs. Two options can be envisioned as the following
· Option 1: UL Tx switching, i.e. UE transmitting UL data/control signaling to the two eNBs on the respective carrier frequency in a TDM manner. As macro and small cell carrier frequencies are located in different bands, the switching time for carrier frequency change at the UEs side would be high, e.g. hundreds of microsecond per switching, which degrades the available subframes for data transmission and UE throughput. The required switching time should be specified. Since the UE should transmit UL control signaling to different eNBs, the UL subframe pattern for time switching should be pre-known to the UE. One or several UL subframe patterns for time switching should be discussed and specified considering that the amount of UL traffic to macro and small cell could be different. Furthermore, since the UE should receive on all DL subframes on the two carriers but only has a subset of UL subframes available for each eNB, new HARQ timing according to the UL subframe switching pattern should be defined. As multiple UL subframe switching pattern may be needed, a number of new HARQ timings need to be specified which significantly increases the specification efforts and implementation complexity. 
· Option 2: eNB UL dual-reception, i.e. UE transmitting on one carrier frequency only (e.g. macro UL carrier) and the small cell eNB receiving on the macro UL carrier to obtain UCI. This method does not require carrier switching at the UE side, which improves UE throughput and reduced UE RF cost compared to option 1. However, it may increase the cost of small cell eNB since additional receiver chain is required. In this method, UCI targeting the two eNBs are always transmitted on the macro carrier frequency. Specification work is needed so that macro and small cell can obtain their respective UCI in one UL transmission. Taking HARQ-ACK as an example, the UE can transmit a UCI payload containing feedback targeting macro and small cell eNB together. Then the macro and small cell eNB can decode the UCI and obtain their HARQ-ACK respectively. To support this option, the PUCCH resource allocation for HARQ-ACK needs to be coordinated between the macro and small cell.
Since the macro and small cells have individual schedulers, CSS on Scell should be considered. The benefits of enabling CSS on Scell include 1) allowing small cell to use DCI format 3/3A for UL PC; 2) enabling RACH response transmitted in the Scell; 3) enabling small cell to signal the UL-DL reconfiguration itself as otherwise small cell may have to send the UL-DL configuration to macro eNB via X2 interface if the subframe indication is always transmitted in Pcell CSS [4].
Observation 1:
To support inter frequency dual connectivity for UEs capable of UL CA, the L1 specifciation impacts can include enabling parallel UCI transmissions on multiple serving cells, UL power control, SR per serving cell, etc.
Observation 2:
To support inter frequency dual connectivity for UEs not capable of UL CA, UE Tx switching or eNB UL dual-reception can be envisioned and the required L1 specification could be different. 
Observation 3:

To support inter frequency dual connectivity, enabling CSS on Scell can be beneficial in various aspects and should be considered.
2.2 Co-channel dual connectivity
In co-channel deployment of macro and small cells, dual connectivity cannot improve UE throughput compared to the existing solutions e.g. FeICIC [2]. On the mobility performance, it should be noted that other solutions exist as in “HetNet Mobility Enhancement Work Item”. The benefit of dual connectivity in this scenario compared to the existing solutions is not clear and thus should be further studied.
Observation 4: 
In co-channel sceanrio,the benefit of dual connectivity to the existing solutions is not clear. 
The L1 specification impact can be high if dual connectivity has to be supported in co-channel scenario. Given the strong co-channel interference between macro and small cell, downlink subframes should be TDM partitioned from the UE perspective to communicate with the macro and small cell eNB. Multiple subframe partitioning patterns may be required which increases the specification efforts. Since the scheduling in macro and small cell eNB is independent, UL subframe partitioning may also be required to avoid scheduling collisions.  A number of new HARQ timings may also be needed. 
Observation 5:
Significant L1 specification impacts can be identified to support dual connectivity in co-channel macro and small cell depoyment scenario. 
3 Conclusions
In this contribution, the L1 support for dual connectivity in Rel-12 small cell was discussed and the required L1 specification impacts were identified.  According to the analysis, following observations can be made.
Observation 1:
To support inter frequency dual connectivity for UEs capable of UL CA, the L1 specifciation impacts can include enabling parallel UCI transmissions on multiple serving cells, UL power control, SR per serving cell, etc.

Observation 2:
To support inter frequency dual connectivity for UEs not capable of UL CA, UE Tx switching or eNB UL dual-reception can be envisioned and the required L1 specification could be different. 

Observation 3:

To support inter frequency dual connectivity, enabling CSS on Scell can be beneficial in various aspects and should be considered.

Observation 4: 

In co-channel sceanrio,the benefit of dual connectivity to the existing solutions is not clear. 

Observation 5:
Significant L1 specification impacts are be identified to support dual connectivity in co-channel macro and small cell depoyment scenario. 
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