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1 Introduction
At the RAN#58 plenary meeting, a new study item on small cell enhancements – higher layer aspects was approved [1]. One of the objectives of the study item is as follows:

· 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.

Network densification, i.e., increasing the number of network nodes, is a key tool to improve traffic capacity and extend the achievable end-user data rates. In addition to straightforward densification of a macro deployment, network densification can be achieved by the deployments of complementary low power nodes (e.g. pico eNBs) under the coverage of an existing macro-node layer. In such a heterogeneous deployment, the low-power nodes are used to provide additional capacity enabling very high end-user throughput locally, e.g., in hot-spot positions, while the macro layer provides full-area coverage. 

The introduction of low power nodes introduces some challenges for the network performance:

· The difference in transmit power of the nodes transmitting causes power imbalance. Especially, for the same frequencies, this creates interference problems at the cell border. 
· As concluded in [2], the handover performance in heterogeneous network deployments is not as good as in macro only deployments especially in intra-frequency deployments. 
· The increased number of network nodes causes an increasing number of handovers as UEs move through the network. This increases signalling load of the network. 

· It is not possible to serve one UE over multiple network nodes connected with non-ideal backhaul. Thus highest data peak rates and optimal resource utilization are not achieved especially in inter-frequency deployments.
The purpose of this contribution is to discuss these scenarios and challenges with small cell deployments and discuss how dual connectivity could improve performance in those scenarios. 

2 Discussion of different challenges 
2.1 UL/DL imbalance
In heterogeneous networks, the eNBs have different downlink output power, e.g., macro eNBs with high output power and pico eNBs with low output power. Due to the power imbalance, the best cell to connect with may differ depending on if one considers downlink or uplink performance. This is understood from Figure 1 below. In the figure, the location is depicted on the X axis whereas the received signal strength is depicted on the Y axis. The right vertical dashed line shows the downlink cell border which is where the received (from the two eNBs) signal strength is equal. The left vertical dashed line shows the uplink cell border which is where an uplink signal has equal received power at both eNBs. The horizontal dashed line shows that the eNBs receive equal uplink signal strength (Y dBm) from the UE when the UE is on at the uplink cell border.
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Figure 1: Heterogeneous deployment example with a macro eNB and received macro DL power depicted in blue, a pico eNB and received pico DL power depicted in green, and a UE with received UL power in orange. The example UE is on the uplink cell border which means that the received uplink signal strength is equal at the two eNBs.
In LTE, Reference Signal Received Power-based (RSRP-based) cell selection is often used. In this scheme, UEs are associated with the cell from which the strongest downlink power is received. As the macro eNB has higher output power than the pico, UEs may connect to the macro cell even though the path loss to the pico is lower. Due to this the pico cell size is relatively small compared to the macro cell size which can result in low UE uptake and small macro offloading by the pico cell. To increase offloading of the macro by the pico cells and to improve uplink performance, there is a need to increase the size of the pico cells. This can be done with the concept of Cell Range Expansion (CRE). With CRE, the cell selection algorithm can be biased so that a terminal associates to a pico eNB even if the pico cell RSRP is below the macro cell RSRP. A cell selection offset (CSO) determines how much weaker the received downlink power from the pico eNB is allowed to be compared to from the macro base station while the UE is connected to it. An example of CRE is illustrated in Figure 2.
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As explained, CRE may result in that a UE is connected to a pico cell even though the received downlink power from the macro cell is stronger. When the macro and pico layers are operated on the same frequency, the signal received from the macro cell causes interference for a UE connected to a pico cell. Thus, the  UE connected to the pico cell may experience strong interference from the macro cell in a heterogeneous deployment. For separate frequency operation, this will not be the case.
As the cell borders are different for uplink and downlink, a solution could be to maintain connectivity to both nodes simultaneously and split the uplink and downlink between different eNBs. UL/DL split allows a UE to be connected in downlink to the cell which offers highest downlink throughput, which is typically the cell from which the highest RSRP is received, while being connected in uplink to the cell which offers highest uplink throughput, which is typically the cell to which the path loss is lowest. In general, UL/DL split could be used both for intra- and inter-frequency deployments, but it can be expected to be more beneficial for the case when the macro and pico layers operate on the same frequency, as UL/DL split also mitigates the interference problem which arise due to the power imbalance.
2.2 Mobility robustness 
The study item Mobility enhancements in heterogeneous networks (3GPP TR 36.839 [2]) was finalized with the overall conclusion that the handover performance in heterogeneous deployments is not as good as in pure macro deployments. This applies especially to pico to macro handovers in a same-frequency deployment, where a too late handover command from the low power eNB becomes error prone, due to interference from the high power macro. As discussed in the previous section, especially for higher CRE, additional interference in the pico DL can be expected and thus also handover performance is poorer. Thus, the possibility to apply offloading between macro and pico cells to increase the overall throughput is limited by mobility robustness issues. 
One solution to mitigate these issues, i.e. to improve the mobility robustness and at the same time enhance load balancing possibilities, is to provide diversity for handover related RRC signalling. This way e.g. the handover command could be conveyed to the UE via both source (e.g. pico) and target cell (e.g. macro) or another assisting cell. Moreover, out-of-sync consequences in one of the cells could be prevented as long as the UE is able to receive the RRC signalling from at least one of the cells. RRC diversity could be a temporary state during a handover situation, when the UE would have RRC connectivity via two cells at the same time. Such a solution would give large potential benefits (cf. [2]). 
2.2.1 Scenarios for enhanced mobility robustness

As the first scenario, we consider a deployment where macro and pico cells operate on the same frequency, as shown in Figure 3. In this scenario, increased failure rates have been identified in 3GPP TR 36.839 [2], especially for handovers from pico to macro cells. The problem is that a UE entering a target cell while still connected to a source cell experiences RLF before it is able to receive the handover command from the source cell. By artificially expanding the pico cell area with CRE, even higher handover command failures can be expected. With RRC diversity, the handover command could additionally be transmitted from the target cell. It can be expected that the UE entering the coverage area of the target cell will naturally have a better SINR to this cell. This will eventually lead to a more successful handover performance (i.e. UE RRC re-establishment procedure and inherent delays are avoided). Obviously, the RRC diversity scheme could also be applied for handovers from the macro to pico cells, between macro or between pico cells. 
One alternative way to mitigate the handover command transmission failures is the usage of reduced power subframes (RPS) in the target cell while sending the command (as also proposed in [2]). However, usage of RPS patterns leads also to capacity reductions in the applying cell. This trade-off between capacity and mobility robustness can be avoided by RRC diversity, which introduces only a small number of overhead transmissions in the target cell.
Second, we consider a scenario, where the macro and pico eNBs operate on different frequencies, as shown in Figure 4. In case pico eNBs are densely deployed on the same frequency, mobility robustness for UEs being handed between pico and macro layer with inter-frequency handovers may be degraded as well.  Moreover, for load balancing purposes, it is important to trigger handovers to the pico layer as early as possible and back to the macro layer as late as possible. However, when the handover signaling occurs later, the UE is maybe totally out of the coverage of the source cell especially if it is moving fast. On the other hand, to avoid radio link failures, the UE should be handed to the macro early which is the opposite requirement as compared to load balancing. RRC diversity would allow us in this situation to avoid RLF while at the same time to improve the offloading to the pico layer. Alternatively, fast moving UEs, for which handover failures more likely occur, could be prevented from being handed over to the pico layer in the first place. For this purpose, a reliable network based mobility state estimation is required, which is further discussed in [3].
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Figure 3: Intra-frequency handover between macro and pico cell.
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Figure 4: Inter-frequency handover between macro and pico cell.

The third scenario to consider is intra-frequency handover between to pico cells, as shown in Figure 5. Also in this scenario, it is possible to mitigate handover failures with RRC diversity by establishing the diversity connection between at least one of the pico cells and an overlaying macro cell operating on a different frequency. A handover command can then e.g. be transmitted additionally via the macro link, which is not interfered by any of the pico cells. Gains can be especially expected in, e.g., in a very densely deployed or heavily loaded pico layer. Note, that the RRC diversity state in this scenario can also be regarded as temporary, i.e. the additional connection to the macro needs only to be established if a handover is imminent. Alternatively, a connection for RRC signaling to the macro cell can be maintained all the time.  
Finally, in a similar way as described above, handover robustness between two macro cells can also be improved by RRC diversity. In the fourth scenario, as seen in Figure 6, RRC diversity can be established between one of the macro cells and a pico cell on a separate frequency, which is e.g. deployed on the cell border between the macro cells. This way a handover failure-affected border region between two macro cells can be “patched” by a pico cell.


[image: image5]
Figure 5: Intra-frequency handover between pico cells assisted by macro cell on separate frequency.



[image: image6]
Figure 6: Intra-frequency handover between macro cells assisted by pico cell on separate frequency.

2.3 Frequent handovers and CN load

Another result of the Mobility enhancements in heterogeneous networks SI was that in small cell deployments, the amount of handovers increases dramatically as compared to a deployment with macro eNBs only [2]. In the example scenario of Figure 7, the UE moves around in an area with many pico cells and a macro cell and experiences handover frequently.  
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Figure 7: Frequent handovers in an inter-frequency small cell scenario

The frequent occurrence of handovers may increase the amount of potential radio link failures. However, another aspect is that frequent handovers increase the signalling load both in the radio network and towards the EPC.  Reductions in signalling load towards the core network is also mentioned in the objectives of the study item:

· Identify and evaluate the necessity of overall Radio Resource Management structure and mobility enhancements for small cell deployments:

· Mobility mechanisms for minimizing inter-node UE context transfer and signalling towards the core network.

In the current LTE architecture, the UE maintains connectivity to one eNB at the time. All control plane and user plane bearers terminate in the same point. This architecture has a consequence that when the UE moves to the pico eNB area, both the connection towards MME (S1-MME) as well as connectivity towards S-GW (S1-U) need to be reconfigured. Currently, it is not possible to maintain control plane connectivity to one eNB whereas user plane bearers would be terminated in another eNB. As a result, signalling load towards the EPC can be high due to these interactions. 

To improve the overall system performance, a UE could have simultaneous connections with more than one eNB. That is, the control plane could be terminated in one eNB and user plane in another. This can be done when the UE has coverage towards both macro and pico eNBs simultaneously.  As depicted in Figure 7, it could be envisioned that the macro eNB having a large coverage would be used as the permanent termination point for control plane and the pico eNB only as an additional capacity booster when this is needed.   
2.4 Inter-node resource utilization 

With carrier aggregation specified in Rel-10 and Rel-11, it is possible to aggregate different frequency carriers for a single UE and thus achieve high bitrates. However, carrier aggregation has certain requirements on the time difference between signal receptions from different transmission points in the UE as well as backhaul latency. Due to this, carrier aggregation cannot be used in all small cell scenarios, for example, when the eNBs are not co-located and there is large backhaul latency between them.  Thus, peak rates of the single UE may remain lower that would be otherwise possible. 

Another limitation of the current architecture is that it is not possible to split traffic over multiple eNBs depending on QoS characteristics of each traffic type etc. Currently, when a handover is initiated, the target eNB is asked to admit all the bearers of the UE. If for some reason, such as overload situation, some of the bearers can’t be admitted at the target eNB, the source eNB can either cancel the handover (and possibly try another candidate target) or accept it and handover the UE to the target, which will result in the release of the non-admitted bearers.

If there was a possibility to have connectivity to multiple eNBs at the same time, then it would be possible to optimize load sharing across the network as well as obtain high bitrates over multiple traffic streams spread over the nodes. A potential solution in the inter-frequency scenario in this context is depicted in Figure 8. In the figure, the UE receives and transmits data over two eNBs that are not co-located.  This kind of mechanism can improve network operation both from frequency usage point of view as well as from QoS requirements point of view.


[image: image8]
Figure 8: Receiving and transmitting data over multiple nodes
3 Dual connectivity

In the previous section, we discussed different challenges in heterogeneous deployments, including intra- and inter-frequency cases. In all cases we identified that having simultaneous connectivity to both macro and low power cell layers is one potential solution to solve the challenges.  Also at the 3GPP workshop on Rel-12 held in June 2012, an approach supported by several companies was to explore possibilities of such simultaneous connectivity, also referred to as dual connectivity.
With respect to terminology, dual connectivity can be defined for the case when the different network points operate on the same or separate frequency. Each network point that the UE is connecting to may define a stand-alone cell or not. 

In TR 36.932 it is stated that both ideal and non-ideal backhaul shall be considered in the work on small cell enhancements. With ideal backhaul, forms of dual connectivity can already be realized for the case with distributed RRUs with Rel-11 functionality defined for carrier aggregation and DL CoMP for the different and same frequency case respectively. We therefore believe the focus of the Rel-12 work should be to enable dual connectivity also for non-ideal backhaul, i.e. with loose latency and capacity requirements on the backhaul.

To align further work in this study, it would be beneficial to capture the following high level definition in the technical report, to achieve a common understanding. One such definition can be the following:

Dual connectivity is defined as the operation where the UE can have simultaneous connectivity to at least two different network points. Dual connectivity can be defined for the case when the different network points operate on the same or separate frequency. Each network point that the UE is connecting to may or may not define a stand-alone cell. Dual connectivity may be typically applicable to eNBs that are interconnected by a non-ideal backhaul, i.e. with loose latency and capacity requirements on the backhaul.
4 Conclusion
In this contribution, we have considered different challenges in small cell deployment scenarios.  Especially, we have discussed challenges due to UL/DL imbalance, mobility robustness, signalling load aspects of potential frequent handovers as well as lack of possibility to utilize resources of different nodes efficiently.  We note that all these scenarios could benefit from dual connectivity as this can be used to achieve UL/DL separation, signalling diversity, reduction of signalling load and overall enhancements in the peak bit rate and cell throughput. 

Based on the discussion in previous sections we propose the following: 
Proposal 1 Include the challenges presented in this contribution as potential study objects in the TR. The scenarios are UL/DL imbalance, mobility robustness, frequent handovers and inter-node resource utilization.
Proposal 2 Include in the TR the high level definition of dual connectivity as given in Section 3.
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