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1. Introduction

In [1], it is proposed that one area the small cell enhancement study should focus on is
· Physical layer study and evaluation for small cell enhancement higher-layer aspects, in particular concerning the benefits of mobility enhancements and dual connectivity to macro and small cell layers and for which scenarios such enhancements are feasible and beneficial.
In RAN1 #72bis, several contributions [2]-[9] are proposed considering the related physical layer aspects of supporting dual connectivity. In this contribution, we share our views on the motivations, scenarios, and potential RAN1 related issues for supporting dual connectivity.
2. Discussion
2.1 Motivations for Dual Connectivity
Mobility enhancement
One obvious motivation for dual connectivity is the efficient mobility management. With dense small cell deployment, frequent and unnecessary handover between small cells may occur. When UE keeps its RRC connection with macro cell, frequent handover between small cells can be avoided. On the other hand, in scenarios without macro coverage, whether to have dual connectivity among co-channel small cells raises another issue. If small cells in the same small cell cluster have tight backhaul, Rel-11 CoMP can be reused to deal with the handover problem. Yet, if small cells have non-ideal backhaul, dual connectivity may also be helpful. Handover procedure is activated only when UE moves out the coverage of the original connected small cell. Therefore, unnecessary handover can be avoided.
DL/UL imbalance
It is possible to use dual connectivity addressing the issue of DL/UL imbalance by associating different cells on DL and UL. However, for non-ideal backhaul between macro cell and small cells, this kind of DL/UL splitting may face some latency problems.

Control-plane/User-plane split
Considering small cell enhancement aims at peak rate, it may be beneficial using macro cell to transmit control-plane messages which in general requires robustness rather than high throughput. Small cells can focus on data transmission with higher throughput.
2.2 Scenarios for Dual Connectivity
Although dual connectivity is not leaded by RAN1, RAN1 could consider which scenarios can be considered with higher priority for RAN1 study. As defined in [10], there are 3 small cell evaluation scenarios. Scenario 1 is co-channel deployment which is depicted in fig.1. Macro cell and small cells share the same frequency band. In this scenario, the motivations for dual connectivity mentioned above are valid. Therefore, this scenario should be studied with higher priority in RAN1. With ideal backhaul, it appears like rel-11 CoMP scenario 3 (or 4). As a result, the study of dual connectivity for co-channel deployment should focus on non-ideal backhaul. With non-ideal backhaul, it will be hard to have simultaneous transmission from macro cell and small cell in the same subframe due to dynamic scheudling. TDM structure between macro cell and small cell can be considered for this case and tight synchronization between macro cell and small cells may be a requirement.
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Figure 1 Co-channel deployment with macro cell and small cells
Scenario 2 is non-co-channel deployment as in fig.2. Small cells use different frequency band from macro cell. The motivations for dual connectivity in scenario 2 are similar to scenario 1. Therefore, scenario 2 should also be studied with higher priority. Scenario 2 may have slightly higher priority than scenario 1 due to preference of higher frequency band for small cells. Considering scenario 2 with ideal backhaul, it becomes rel-10 inter-band CA. Therefore, the study of dual connectivity for co-channel deployment should also focus on non-ideal backhaul. Since macro cell and small cell are on different frequency band, UE capability of simultaneous transmission/reception on multiple bands will be a concern.
[image: image2.png]



Figure 2 Non-co-channel deployment with macro cell and small cells
Scenario 3 is small cells operating without macro cell coverage. This scenario can also be considered for dual connectivity. UE1 can keep RRC connection to one small cell even it is closer to another small cell to avoid frequent handover. However, since the coverage of small cell is much smaller than macro cell, whether dual connectivity can really provide efficient mobility management remains questionable. Consequently, this scenario can be considered with lower priority.
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Figure 3 Small cells without macro cell coverage

Based on the above discussion, for dual connectivity evaluation, non-co-channel and co-channel deployment with non-ideal backhaul between macro cell and small cells can be regarded as scenarios with higher priority.
Observation 1: For dual connectivity evaluation, non-co-channel and co-channel deployment with non-ideal backhaul between macro cell and small cells can be regarded as scenarios with higher priority.
2.3 Potential RAN1-related Issues for Dual Connectivity
Based on the above identified scenarios, there are some potential RAN1-related issues. It is noted that for non-ideal backhaul, the latency between macro cell and small cells are non-negligible. Hence, the physical layer design should consider its impact.

PDCCH

Cross-carrier scheduling may be no longer available due to non-ideal backhaul. This can be solved by current CA using per cell DCI scheduling. Although PDCCH ICIC cannot be achieved any more, EPDCCH can be used instead.

Observation 2: Cross-carrier scheduling might not be available due to non-ideal backhaul. EPDCCH can be used considering its ability of FDM-ICIC.
PUCCH
For all activated cells, the corresponding HARQ ACKs/NACKs are all transmitted in PCell in rel-10 CA. With non-ideal backhaul, the information exchange between PCell and SCell may not be quick enough. It is reasonable to have the UCI for SCell data transmission be transmitted in each SCell. This leads to two different solutions. One is simultaneous transmission on multiple bands while the other is TDM-like transmission. For simultaneous transmission, each cell has its own UCI transmitted in itself simultaneously. However, additional efforts by RAN4 are required. On the other hand, UE with non-UL CA capability should be considered. As a result, TDM-like transmission can be considered as baseline. For TDM-like solution, each cell transmits its own UCI in turn. The resulting HARQ ACK/NACK latency and the TDM pattern requires further study. It is noted that no matter which kind of solution is chosen, UCI on SCell will be introduced inevitably.
Observation 3: UCI on SCell should be introduced. It can be achieved by either simultaneous transmission on multiple carriers or TDM-like transmission. TDM-like transmission can be considered as baseline. The resulting HARQ ACK/NACK latency requires further study.
Co-channel deployment
For co-channel deployment, macro cell and small cells operate on the same carrier. Therefore, it is possible to have simultaneous transmission in the same subframe from macro cell eNB and small cell eNB to the same UE in the same carrier. However, due to non-ideal backhaul and dynamic scheduling, it is hard to achieve such simultaneous transmission even tight synchronization can be achieved among macro cell and small cells. Some TDM-like structures between macro cell and small cells can be introduced. On the other hand, to support TDM transmission/reception, tight network synchronization may be helpful.
Observation 4: Considering co-channel deployment, TDM-like structures between macro cell and small cells can be introduced. Tight network synchronization will be helpful.
Power control

If PUCCH can be transmitted in SCell, UL power control on PUCCH may need to be modified. Macro cell and small cells can have different coverage. As a result, each cell may need independent power control processes.
Observation 5: Independent UL power control processes can be introduced.
3. Conclusion

In this contribution, we provide our views on physical layer aspects for dual connectivity and have the following observations:

Observation 1: For dual connectivity evaluation, non-co-channel and co-channel deployment with non-ideal backhaul between macro cell and small cells can be regarded as scenarios with higher priority.
Observation 2: Cross-carrier scheduling might not be available due to non-ideal backhaul. EPDCCH can be used considering its ability of FDM-ICIC.

Observation 3: UCI on SCell should be introduced. It can be achieved by either simultaneous transmission on multiple carriers or TDM-like transmission. TDM-like transmission can be considered as baseline. The resulting HARQ ACK/NACK latency requires further study.
Observation 4: Considering co-channel deployment, TDM-like structures between macro cell and small cells can be introduced. Tight network synchronization will be helpful.
Observation 5: Independent UL power control processes can be introduced.
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