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1 Introduction
At RAN Plenary #58, a study item (SI) for enhancements to small cells for LTE was agreed and described in [1].  At RAN2#81, three target scenarios were defined: macro with intra-frequency small cells deployment (Scenario #1), macro with inter-frequency small cells deployment (Scenario #2) and small cells only deployment (Scenario #3) [6].

In the last meeting, we discussed the challenges associated to the different small cell deployments.  The following issues and the conclusions were made for mobility robustness and per-user throughput challenges.
	Difficulty to improve per-user throughput by utilising radio resources in more than one eNB:

6-1
Increasing throughput by utilizing radio resources across macro and pico cells is a challenge with non-ideal backhaul while taking into account QoS requirements. (Scenario #1 and #2)

Mobility robustness

1
The outcome of the HetNet mobility SI is referred to as part of the description for mobility robustness in Scenario #1. 

2
Challenges of mobility robustness in Scenario #2 should be studied further and simulation results are invited for RAN2#81bis.

3
Mobility robustness will be further investigated for Scenario #3.




Additionally, the following design goals were agreed to be captured in TR 36.932.

	Design Goals to be captured in the TR
Mobility robustness 

1
Mobility performance achieved by small cell deployments should be comparable with that of a macro only network in RRC CONNECTED.

Signalling load

3
Any new solution should not result in excessive increase of signalling load towards the CN. However, additional signalling and user plane traffic load caused by small cell enhancements should also be taken into account.

Throughput & QoS.

5
Utilizing radio resources across macro and pico cells in order to achieve per-user throughput and system capacity similar to ideal backhaul deployments while taking into account QoS requirements should be targeted.


In this paper, we evaluate the key benefits of supporting dual connectivity and recommend further discussions should focus on scenarios where these benefits are justified.

2 Key Benefits of Supporting Dual Connectivity
2.1.1 Throughput Benefit
In small cell deployments, throughput gains can be achieved by performing carrier aggregation. For scenarios where the small cells are within the macro coverage, the small cell and macro layers may be co-channel (Scenario #1) or non co-channel (Scenario #2). To improve overall system efficiency and improve per-user throughput gain, carrier aggregation can be used to utilize multiple cell resources based on radio link conditions as specified in [2]. In Rel-10, the benefits of carrier aggregation were discussed and it was agreed that carrier aggregation across non co-located nodes would be beneficial and should be supported for UEs connected to a Macro and a low power RRH node.  The Macro and low power RRH are assumed to be connected over ideal backhaul and the scheduling decisions are centralized and controlled by the Macro eNB.  

.
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Figure 1 Inter-frequency small cell deployments
With non-ideal backhaul between macro and small cells, Rel-10/11 CA cannot work due to larger backhaul latency and due to the fact that separate schedulers will be controlling the resources of each node. 
One way to implement carrier aggregation when the UE is in coverage of the small cell node is by deploying F1 and F2 both at macro and small cell eNB, and thus intra-eNB carrier aggregation may be performed. It can be considered that intra-eNB carrier aggregation at the small cell node could provide an increase in user throughput for UEs connected to the small cell.    However, this deployment assumes the operator has multiple frequencies available to be deployed in the small cell node. Due to operational cost and physical constraints, it may not be feasible to deploy or use multiple bands and/or frequencies on small cells, and thus number of carriers available in the small cells may be limited. Thus, intra-eNB carrier aggregation at small cells may not always be possible.
Observation 1: Intra-eNB small cell carrier aggregation may not be always feasible in operator deployments due to unavailability of multiple frequencies in small cell nodes.

In this situation, it may be useful to enable inter-eNB carrier aggregation (i.e. dual connectivity) to allow throughput gains. Dual connectivity may enable a configuration whereby a UE may be connected to both eNBs, and further evaluation should be performed in view of this benefit in inter-frequency deployments.
Additionally, RAN1 in Rel-11 started evaluating the concept of new carrier type. The motivation for introducing a new carrier type is enhanced spectral efficiency, improved support for heterogeneous network deployments, and improved energy efficiency.  . 
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Figure 2 Small Cell Deployments with New Carrier Type
One of the modes that is considered is when a non-standalone NCT carrier is aggregated with a legacy carrier (LCT), in homogeneous or heterogeneous networks. Figure 2 shows the heterogeneous deployment, where NCT carrier (F2) can be deployed as a non-standalone carrier on low power node, overlaid with a legacy carrier (F1) on Macro node. Carrier aggregation in this deployment can be performed between the network nodes, either with a low latency backhaul, or with the support of dual connectivity when there is a lack of ideal backhaul between the nodes.
In order to support non-ideal backhaul and non-standalone NCT in the deployment above, it would be useful to support inter-eNB carrier aggregation, when the UE aggregates legacy carrier Pcell from Macro with NCT Scell from low power node.
Observation 2: Inter-eNB carrier aggregation may be useful to support non-standalone NCT carriers in small cell deployments.
Based on the above three observations, we believe inter-eNB carrier aggregation should be evaluated in inter-frequency deployments. Thus, mechanisms to perform dual connectivity should be studied to enable inter-eNB carrier aggregation over non-ideal backhaul. 

Proposal 1: Agree that one benefit of dual connectivity is that achieving throughput improvements using carrier aggregation is one of the benefits of supporting dual connectivity in Scenario #2. 
In heterogeneous deployments, a macro eNB and a pico eNB have different DL output power and the UE is likely to experience stronger power for DL reception from the macro eNB. Similarly, both cells have different sizes and the UE is likely to experience a smaller path loss with the pico eNB. Given this, from the perspective of UL/DL power imbalance, the UE may have a better DL connection from the macro eNB while it may have a better UL connection with the pico eNB. Existing techniques rely on use of cell range extension to force the UE to connect to the lower power pico cell in presence of strong (er) interference from the macro channel. 
However, cell range expansion in practice is supported up to 9dB (using R11 FeICIC enhancements), which is insufficient to cover the entire area where the UE may face power imbalance. Considering the specified DL output power available for a macro (43 dBm) and a pico node (30 dBm), the overall power imbalance may be upto 13 dBm, and the UEs between 9dBm and 13 dBm will continue to create significant UL interference to the pico-eNB. 
Moreover, it is not clear if CRE/ABS will be as effective in the new deployment scenarios where intra-cluster interference makes up a significant portion of the overall inter-cell interference in the network. As shown in [15], using a CRE value of 9 dBm, the UL imbalance is only corrected to 15% of all UEs belonging to the power imbalance region. 
Dual connectivity may enable a configuration whereby a UE may be connected to both layers such that UL/DL connectivity is optimized, in particular in co-channel deployments. Dual connectivity may thus enable a configuration where the UE may be more DL intensive with a macro eNB while the connection with the pico eNB may be more UL intensive. In the last meeting, results were discussed [11] showing gains in uplink user throughput and system capacity with the use of this configuration.
From the L1 perspective, dual connectivity may be realized such that each of the concerned cells operate as per R11 behaviour, with some modifications to address simultaneous uplink transmissions if such is supported, or otherwise to introduce some form of TDM between uplink transmissions to each node. From the L2 perspective, at the minimum dual connectivity may require that traffic from a single EPS bearer may be split such that uplink data may be transmitted over a first DRB while downlink data may be mapped over a second DRB.

Proposal 2: Agree that one benefit of dual connectivity is that it provides means to perform traffic splitting across layers as a useful method to address the power imbalance issue in Scenario #1.
Based on this analysis, we conclude that to support the agreed design goal for increased per-user throughput, i.e. to achieve per-user throughput and system capacity similar to ideal backhaul deployments for Scenraios #1 and Scenarios #2, it is essential to support dual connectivity.
Proposal 3: Agree that dual connectivity is needed to meet the agreed throughput design goal in Scenarios #1 and Scenarios #2.
2.1.2 Mobility Benefits of Dual Connectivity
In HetNet Study Item, several pico-cell density scenarios (1, 4, 10) were considered, and the pico-nodes were assumed to be deployed in a random manner and not explicitly contiguous to each other. In HetNet Study Item, the following observation was made regarding multiple pico-cell deployments [4]:

	Observations from Multiple picocell deployments simulations for full system load

-
For full system load with full buffer traffic model, the number of HOF/UE/s increases with the number of pico cells.


Thus, handover performance degradation with increasing pico density was observed as a key issue for Rel-11 Heterogeneous Networks Study Item.

One of the key aspects of small cell deployments is the deployment of a group of small cells together in a cluster. RAN1 is discussing small cell clusters with 4 to 10 cells per cluster, and 1 to 2 clusters per cell in both co-channel and non co-channel scenarios, as shown below.
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Figure 3 Small cell deployment scenario for evaluation [12]
When higher cell density is considered (for example, 16 pico-cells in one macro cell), simulations have shown the  mobility performance degrades significantly due to very large number of pico-pico handover failures. (pico-pico cell HOF rate could be as much as 8 times small cell-macro HOF rate) [13]. 
Additionally, with cluster deployments, there is an additional concern that conventional handover mechanisms will lead to delayed cell detection and frequent handover failures due to increased intra-cluster interference, especially in high speed UE case. 
Given the higher density, and the cluster configuration considered in small cell deployments, the mobility robustness issue in small cell deployments may be more severe than what was studied in HetNet Study Item. In the last meeting, we agreed that pico-pico handovers is an issue for Scenario #3, but cluster configuration may exist in both in-coverage (with macro overlay) and out-of-coverage (without macro overlay) scenarios, thus it is also applicable to Scenarios 1 and 2.
Observation 3: Small cell density and cluster configuration may cause mobility robustness challenges different to what were evaluated in HetNet Mobility Study Item.

Observation 4: Mobility robustness challenge due to higher density and cluster deployments is also applicable for Scenarios 1 and 2. 

It is assumed that baseline of mobility solutions for small cell deployments will come from HetNet deployments. However, given the scope of the small cell deployments is not fully comparable to deployments studied in HetNet studies, mobility robustness channel should be evaluated separately for small cell deployments.
Proposal 4: Agree that mobility robustness should be independently evaluated in Small Cell Study, with focus on new/different requirements for small cells (higher cell density and cluster configuration).

Furthermore, due to the presence of macro overlay layer, additional solutions may be evaluated for optimizing mobility performance in small cell networks. For example, the following approaches have been discussed with the support of dual connectivity in in-coverage small cell deployments:

1. For inter-frequency scenarios, the number of handovers can be reduced by using dual connectivity. The UE may obtain the Pcell from the Macro that is used as coverage layer, and provides minimum desired QoS levels, and small cells are added as Scells only as necessary (i.e. when UE has burst of additional traffic) Thus, the number of overall handovers in the system may be minimized [14]

2. For inter-frequency and intra-frequency networks, the macro layer may be used as a mobility anchor when small cell to small cell handovers take place.  The traffic interruptions may be minimized by re-routing traffic to the macro while the target small cell is being prepared, and the time of interruptions due to small cell-small cell handover is minimized by re-routing traffic through the macro when the small cell layer is being prepared. 

3. Signalling diversity may be used to improve the robustness of the handover signalling to reduce failures due to failure to receive handover command.
Thus, improving mobility performance may be possible with the use of dual connectivity, and further evaluation is necessary to study the benefits of dual connectivity in small cell deployments.

Proposal 5: Agree that improving mobility performance is a key benefit of supporting dual connectivity in small cell networks. 
Based on this analysis, we conclude that to support the agreed design goal for mobility robustness, i.e. mobility performance achieved by small cell deployments should be comparable with that of a macro-only network, it is essential to support dual connectivity.
Proposal 6: Agree that dual connectivity is needed to meet the agreed mobility design goals in Scenarios #1 and #2.
2.1.3 Reducing CN signalling overhead

One of the design goals agreed in the last meeting was to ensure that with any new solution, the signalling load towards CN remains equivalent to existing networks. 
In existing heterogeneous networks, when a UE moves from one node to another, the core network signalling needs to be performed to handover UE context from source eNB to target eNB and switch user plane traffic at the S-GW. 
With the use of dual connectivity (applicable to Scenario 1 & 2), the macro eNB could be used as a mobility anchor as the UE performs small cell-small cell handovers, and the core network signalling could be reduced by maintaining UE context at the macro eNB, and performing EPC bearer switch at the macro eNB, thus hiding the mobility event from the S-GW and MME. 

Observation 5: Reducing CN signalling overhead is a potential benefit for supporting dual connectivity in small cell deployments in Scenarios #1 and #2.

To support the agreed design goal for signalling overhead, i.e. to avoid excessive increase of signalling load towards the CN mobility performance, it is essential to support dual connectivity.
Proposal 7: Agree that dual connectivity is needed to meet the agreed CN signalling overhead design goal in Scenarios #1 and #2.
3 Conclusion

In this paper, we evaluate the key benefits of supporting dual connectivity and recommend further evaluation should focus on scenarios where these benefits are justified. 
We kindly request RAN2 to discuss these proposals and document them in the TR36.842.

Proposal 1: Agree that achieving throughput improvements using carrier aggregation is one of the benefits of supporting dual connectivity in Scenario #2. 
Proposal 2:  Agree that one benefit of dual connectivity is that it provides means to perform traffic splitting across layers as a useful method to address the power imbalance issue in Scenario #1.
Proposal 3:  Agree that dual connectivity is needed to meet the agreed throughput design goal in Scenarios #1 and Scenarios #2.
Proposal 4:  Agree that mobility robustness should be independently evaluated in Small Cell Study, with focus on new/different requirements for small cells (higher cell density and cluster configuration).

Proposal 5:  Agree that improving mobility performance is a key benefit of supporting dual connectivity in small cell networks. 

Proposal 6:  Agree that dual connectivity is needed to meet the agreed mobility design goals in Scenarios #1 and #2.
Proposal 7:  Agree that dual connectivity is needed to meet the agreed CN signalling overhead design goal in Scenarios #1 and #2.
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