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1. Introduction

The study item for small cell enhancement in higher-layer aspects is agreed in RAN#58 [1]. The objective is to identify potential technologies in the protocol and architecture for enhanced support of small cell deployment and operation which should satisfy scenarios and requirements defined in TR 36.932 [2]. The study shall be conducted on the following aspects:
· Identify and evaluate the benefits of UEs having dual connectivity to macro and small cell layers served by different or same carrier and for which scenarios such dual connectivity is feasible and beneficial.

· Identify and evaluate potential architecture and protocol enhancements for the scenarios in TR 36.932 and in particular for the feasible scenario of dual connectivity and minimize core network impacts if feasible, including:
· Overall structure of control and user plane and their relation to each other, e.g., supporting C-plane and U-plane in different nodes, termination of different protocol layers, etc.

In this contribution, we discuss the dual connectivity from physical-layer aspects and analyze some potential impacts. 

2. Dual connectivity for non-ideal backhaul
As the study item conducted, dual connectivity is addressed for a UE to connect to macro and small cell layers served by different or same carrier. The dual connectivity could be beneficial to mobility robustness and throughput increase. From physical layer aspect, the two cell connection is a little similar as Rel.10/11 carrier aggregation for not co-channel scenario, and as Rel.11 CoMP for co-channel scenario.  However, the discussion in legacy release is based on the ideal backhaul. The challenge in small cell enhancement would be mainly the non-ideal backhaul as indicated in TR 36.932 [2]. The first priority of non-ideal backhaul categorization could be up to 60ms. It induces some difficulty in timely coordination between two Nodes, such as cross-carrier scheduling, UCI information delivering. Given the concern on non-ideal backhaul, separately scheduling of macro eNB and small eNB could be considered as beginning of dual connectivity study on physical layer.
Proposal 1: Separately scheduling of macro eNB and small eNB could be considered as beginning of dual connectivity study on physical layer.
Currently, it defined some scenarios for evaluations [3]. Relevant scenarios for dual connectivity would be scenario 1 (co-channel with macro layer) and scenario 2a/2b (not co-channel with macro layer). The possible impacts on physical layer are further analyzed.
2.1 
Dual connectivity with co-channel scenario
In the co-channel scenario, the small cells are deployed in the presence of an overlaid macro network. For a UE located within the small cell coverage, it could provide some mobility benefits to support dual connectivity which keep the UE connect to the Macro cell layer. Given the latency constraint of non-ideal backhaul, some semi-persistent TDM schemes could be considered to separate the operations from macro cell layer and small cell layer, in order to avoid inter-cell interference. The TDM scheme should ensure that the scheduling, measurement and feedback on each layer side could work well. Besides, inter-eNB synchronization could be considered as the prerequisite for efficient TDM operations.
2.2 
Dual connectivity with non-co-channel scenario

For scenario 2a/2b, aggregating different carriers from macro eNB and small eNB can be considered as inter-eNB carrier aggregation. As discussed in section 2, separately scheduling of macro eNB and small eNB could be considered given the restriction on non-ideal backhaul. The group concept can be utilized that for the configured serving cells, the cells belong to the same eNB are grouped into the same carrier group. The transmission scheduling and UCI delivering are handled per carrier group. Within each carrier group, Rel.10 carrier aggregation mechanism can be likely applied. For example, one specific serving cell with configured uplink in one carrier group is utilized for PUCCH transmission. The data transmission is scheduled from the serving cell within the same carrier group. 
Proposal 2: The concept of carrier groups could be considered for separately handling transmission scheduling and UCI delivering. 
Simultaneous or non-simultaneous UL transmission
In the non-co-channel scenario, the macro cell layer and small cell layer would be located on different frequency bands. This induces the concern about whether the UE operating on two nodes could simultaneously transmit/receive on different frequency bands. To obtain the throughput gain, at least the UE could support inter-band simultaneous DL receiving. Simultaneous UL transmission would be more challenging and require RAN4’s confirmation of UE capability. If non-simultaneous UL transmission is considered as one of UE capability for supporting small cell enhancement, some semi-persistent TDM schemes could be considered to separate the UL operations to macro cell layer and small cell layer. Then, inter-eNB synchronization should be further studied. Besides, HARQ-ACK bundling/multiplexing could be considered to cover DL subframes under the limited UL occasions for each link.
Proposal 3: In case of non-simultaneous UL transmission for dual connectivity, TDM handling could be considered to separate the UL operations to macro cell layer and small cell layer. 

Power control & channel prioritization
For the UE supporting simultaneous UL transmission, separately transmission scheduling on different eNBs may induce UE to transmit on different carrier groups simultaneously. Since it is difficult for different eNBs to timely communicate the dynamic transmission scheduling and the allocated physical resources, the information of UE transmit power can not be delivered between different eNBs in time. The total UE transmit power may possibly exceed the maximum more frequently than legacy release, and the UE will need to apply power backoff/power scaling. UL performance may be impacted. To mitigate the impact, some operations should be studied. For example, some configured scheduling, such as configured uplink grant or periodic CSI reporting can be pre-delivered between macro eNB and small eNB via the non-ideal backhaul. The eNB can predict this kind of uplink transmissions for the other side. Furthermore, the UE could deliver the power headroom reporting of both carrier groups to one eNB via MAC layer. Then, the eNB can estimate the available power more efficiently, to reduce the possibility of exceeding total UE maximum power.

In case of UE UL power limited, the handling would be more complex than legacy release due to separate schedulers. For instance, the power priority in case that PUSCH transmission with UCI in one carrier group collides with PUCCH transmission in another carrier group. Besides, given that the macro cell layer may be utilized for C-plane functionalities and mobility/connection management, whether different handling of power scaling between different carrier groups for macro and small cell layer could be further considered.
Proposal 4: The issues on power control & channel prioritization should be considered in the dual connectivity.
TTI bundling constraint

In legacy release, when the subframe bundling operation (TTI bundling) is configured, the UE is not expected to be configured with UL carrier aggregation, i.e. configured with secondary cells with configured uplink. That is because the intra-eNB CA is mainly utilized for throughput boost of the cell-center UE. However, in the non-co-channel scenario of dual connectivity, it is possible that the UE in the macro cell layer edge is also within the coverage of small cell layer. It may be possible to both utilize subframe bundling operation for macro cell layer and operate with small cell layer. Without limiting the gain of small cell enhancement, the TTI bundling constraint could be reconsidered in the scenario of small cell enhancement.
Proposal 5: The TTI bundling constraint could be reconsidered in the scenario of small cell enhancement.
3. Conclusion

In this contribution, we discuss the dual connectivity from physical-layer aspects and analyze some potential impacts. Based on the concern on non-ideal backhaul, we propose:
Proposal 1: Separately scheduling of macro eNB and small eNB could be considered as beginning of dual connectivity study on physical layer.
In case of dual connectivity with non-co-channel scenario, some possible impacts are introduced. We further propose:

Proposal 2: The concept of carrier groups could be considered for separately handling transmission scheduling and UCI delivering. 
Proposal 3: In case of non-simultaneous UL transmission for dual connectivity, TDM handling could be considered to separate the UL operations to macro cell layer and small cell layer. 

Proposal 4: The issues on power control & channel prioritization should be considered in the dual connectivity.
Proposal 5: The TTI bundling constraint could be reconsidered in the scenario of small cell enhancement.
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