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1. Introduction
At RAN#58, a study on higher layer aspects of small cell enhancements was approved [1]. The objective of this study is to identify potential technologies which can satisfy deployment scenarios and requirements for small cell deployments specified in [2]. One of the aspects to be studied is “dual connectivity” as excerpt from [1] below:
· 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.
This paper attempts to identify the deployment scenario for which dual connectivity is beneficial in both separate carrier and co-channel scenarios. What should be achieved by dual connectivity is also clarified in this paper that would help to identify potential architecture and protocol enhancements.
2. Discussion
2.1. Target scenarios and requirements in TR 36.932
Among the requirements specified in [2], the followings can be key criteria for evaluating higher layer enhancements:
· Reducing small cell planning efforts compared to Rel-10/11 (sub-clause 7.1)

· Minimising signalling load to the CN (e.g., cause by mobility) and increase of backhaul traffic to due to increasing number of small cells (sub-clause 7.3)

· Increasing user throughput significantly for both DL and UL (sub-clause 8.1)
With regards to the system performance aspect, achieving the same peak throughput as Rel-10/11 should also be taken into account since peak throughput is always an attractive factor from the marketing point of view.
· Reducing C/U-plane latency and packet loss during mobility (sub-clause 8.2)
· Considering different UE capabilities, e.g., UE RF complexity (sub-clause 9.2)

For which scenario those requirements should be achieved, the followings can be a target for dual connectivity to macro and small cell layers:
· The UE is in coverage of both the macro cell and the small cell simultaneously.
· Non-ideal backhaul between the macro and the small cell.
· For both separate carrier and co-channel deployments.
2.2. Challenging issues
In the proposed target scenario in sub-clause 2.1, the following challenging issues can be envisaged to achieve the target requirements:
Issue 1: Increased handover failure and signalling towards the CN due to increased number of handover attempts.
In proportion to the number of small cells, CN signalling load will be increased due to the increased number of HO attempts. Even if the presence of X2-IF can be assumed between the macro and small cell, the S1-AP Path Switch procedure is still required and the resulting signalling load would still be cumbersome. The backhaul traffic will also be increased by the increased HO signalling within E-UTRAN via X2-IF. As such, achieving the 2nd bullet of the requirement in sub-clause 2.1 is challenging. 
Small cell deployments overlapping with the macro cell will also increase the HO failure as observed by the conclusion of the HetNet SI [3]:
· Mobility performance in HetNet is not as good as in the macro only network. The HO case from the small cell to the macro cell is the worst mobility performance.

· For low mobility UE (less than 30km/h), no significant problems were observed.
· The number of handover failure/ UE/ s increases with the number of deployed small cells (E.g., twice as high as the macro only network as shown in Fig.5.5.2.2.2 of the HetNet TR [3])

Although the study was assumed for the co-channel deployment, the observations could be applied to the separate carrier deployment. Furthermore, inter-frequency measurements typically take longer time depending on the number of carriers to be measured [4]. Such the longer measurement time would delay HO initiation and increase HO failure.
It might be argued that there is no significant issue if HO failure rate is not increased considerably even though the number of HO failure is increased due to deployed small cells. However, what is visible to users is not the failure rate, but the increased HO failure. For instance, users will experience twofold HO failure in the HetNet area compared with the macro only network according to the HetNet study as referred previously. For voice service, it would be more noticeable due to their delay sensitive characteristics.
Issue 2: Cell planning efforts for deploying many small cells.

In general, HO parameters for small cells have to be carefully tuned in HetNet. Since the coverage is small and the radio condition is likely to rapidly changing in the urban area deployment (e.g., between LOS and NLOS in the street cell), the HO thresholds has to be set such that HO can be initiated well inside the small cell coverage. However, this would also result in losing an opportunity to serve the traffic on the small cell. The more small cells are deployed, the more such an effort for the careful tuning is required. Therefore, the 1st bullet of the requirement in sub-clause 2.1 is quite essential from the operational aspect.
Issue 3: Limitation of realising CA/CoMP technologies with non-ideal backhaul
To resolve Issue 1/2, the existing technologies up to Rel-11 can be used, i.e., Carrier Aggregation and CoMP. In CA scenario 4 and CoMP scenario 3/4 specified in [5, 6], mobility can be basically served by the macro cell layer. Small cells are configured as SCell/TP (Transmission Point). By doing this, the amount of CN signalling load and mobility performance can be comparable with the macro only network. Such the deployment will not require the careful HO parameter tuning as small cells are utilised as SCell/TP. 
The assumption up to Rel-11 was that small cells for CA/CoMP are served by Remote Radio Heads (RRHs) with ideal backhaul. If non-ideal backhaul is assumed for the RRH-based CA/CoMP, feasibility of their operations is quite challenging. MAC/PHY procedures will not work under the scenario that RF and Base Band are connected with non-ideal backhaul. 
Issue 4: Non-optimal utilisation of small cells deployed at the macro cell edge
Small cells deployed at the macro cell edge can also help to increase user throughput achieving the 3rd bullet of the requirement in sub-clause 2.1. Nevertheless, if the macro cell edge is also the area boundary served by the different eNBs, and small cell is deployed as such that it covers the area boundary of different eNBs as illustrated in Fig.1, there would be a region that CA/CoMP cannot be configured (Region #A in Fig.1). This is because Rel-10/11 CA/CoMP can only support the case where all serving cell/TPs are served by the same eNB. 
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Fig.1
Issue on small cell deployments at the macro cell edge.
2.3. Deployment scenarios for dual connectivity
To resolve all the challenging issues for achieving the target requirements which are common for both separate carrier and co-channel scenarios, it is worthwhile studying the feasibility of the scheme that both macro and small cells connected with non-ideal backhaul should be able to provide DL/UL data service together. This could be a conceptual definition of dual connectivity between macro and small cell layers in both separate carrier and co-channel scenarios. Therefore, the following is proposed:
Proposal 1:
For both separate carrier and co-channel scenarios, the feasibility of the scheme to provide DL/UL data service from both macro and small cells connected with non-ideal backhaul (i.e., dual connectivity between macro and small cell layers) should be studied.
With regards to deployment scenarios for dual connectivity, the following scenarios illustrated in Fig.2 can be considered as a baseline. These are similar to the existing CA/CoMP scenarios. The differences are:
1) Non-ideal backhaul is assumed between macro and small cells.

2) Macro and small cell are served by difference eNBs (. i.e., macro and small eNBs)

In these scenarios, dual connectivity is served by macro and small eNBs connected with non-ideal backhaul.
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Fig.2
Baseline deployment scenario for dual connectivity.
For the separate carrier scenario (Fig.2), the assumption on UE capability is that UE supports CA band combination with 2 inter-bands. UE capability to support more than 2 inter-bands has yet to be specified in the RAN4 specification. However, it is foreseen that the UE can support CA with 3 inter-bands including the existing CA band combination in future when higher frequency bands, e.g., 3.5 GHz are available. Migration scenarios from both ideal/non-ideal backhaul based deployments can also be considered as illustrated in Fig.3. Fig.3(a) is the migration scenario from the ideal-backhaul based deployment. The existing CA band combination (e.g., 800 M + 1.7 G in Fig.3(a)) is provided by the macro eNB with RRH. In addition, the higher frequency band (e.g., 3.5 GHz in Fig.3(a)) is deployed by the small eNB with non-ideal backhaul. From logical entity aspects, the migration scenario in Fig.3(a) is the same as the baseline scenario (Fig.2) in which dual connectivity is served by two eNBs (macro/small eNBs). Fig.3(b) is the migration scenario from the non-ideal backhaul based deployment as in Fig.2(a). The existing CA band combination as well as the higher frequency band is provided by difference eNBs. In this case, dual connectivity is served by multiple small eNBs together with one macro eNB. 
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Fig.3
Migration scenarios from the baseline deployment scenario with ideal/non-ideal backhaul.
Likewise, the similar migration scenario can also be considered for the co-channel deployment. For instance, the migration from sparse to dense small cell deployment captured in [2] can be a possible scenario that multiple small eNBs are deployed in the co-channel deployment. 
Taking into account the above scenarios, the following is proposed for the feasibility study of dual connectivity:

Proposal 2a:
Dual connectivity served by macro eNB and (multiple) small eNB(s) connected to each other with non-ideal backhaul should be considered as a target deployment scenario.
To address Issue 4, if the small eNB is connected to multiple macro eNBs, the UE could be use the same small cell even after the UE is handed over between macro eNBs as illustrated in Fig.4. Therefore, the following is proposed:
Proposal 2b:
To fully utilise small cells deployed at the macro cell edge, maintaining dual connectivity using the same small cell should be possible when the UE is handed over between macro eNBs.
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Fig.4
deployment scenario to address Issue4.

2.4. Design goals for dual connectivity
As explained in sub-clause 2.3, dual connectivity should resolve the issues in the existing mechanisms achieving all the target requirements. To do this, the following design goals as illustrated in Fig.5 can be considered:
· To address Issue 1/2, dual connectivity should be able to serve C-plane functionalities (connection management, mobility) by the macro cell layer.
· Dual connectivity should be able to select DL/UL U-plane data path via either macro or small cell, or both based on required QoS including mobility performance.

For instance, real-time service, e.g., VoLTE, should be served by the macro cell layer to avoid frequent interruption due to mobility between macro and small cells, and small cells. In contrast, best effort services should be served by the small cell layer for achieving higher user throughput. To achieve the same peak throughput as Rel-10/11, U-plane data requiring the same QoS should also be served by both the macro and the small cell simultaneously. This could include asymmetric U-plane data path, e.g., DL is served by the macro cell layer while UL by the small cell layer. Such an approach might address the issue of DL/UL power imbalance between the macro and the small cell in co-channel deployments.
As explained previously, the similar deployment scenario can be envisaged for both separate carrier and co-channel scenarios. For dual connectivity, common architecture can therefore be considered for both scenarios. 
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Fig.5
design goals for dual connectivity from C/U-plane aspects.
Consequently, the following design goals are proposed:

Proposal 3a:
Dual connectivity should be able to serve C-plane functionalities (connection management, mobility) by the macro cell layer.
Proposal 3b:
Dual connectivity should be able to select DL/UL U-plane data path via either macro or small cell, or both based on required QoS including mobility performance.
Proposal 3c:
Architecture for dual connectivity should be common for both separate carrier and co-channel scenarios if possible.
2.5. UE capability on data reception/transmission
As highlighted in sub-clause 2.1, the study for small cell enhancements should consider different UE capabilities. Even for the higher layer study, it is worthwhile assuming the target UE capability on DL reception and UL transmission. For DL, the UE should be able to receive DL data from both macro and small cells simultaneously similar to DL CA/CoMP. With this capability, the same DL peak throughput as Rel-10/11 can be achieved as explained attractive in sub-clause 2.1. For UL, the following two scenarios can be considered:
Scenario U1: UE should be able to transmit UL data to both macro and small cells simultaneously.

Scenario U2: UE should be able to transmit UL data to either macro or small cell.

Scenario U1 is sufficient ideally if supported by the UE. Likewise for DL, achieving the same UL peak throughput as Rel-10/11 is desirable. However, if the UE complexity is considerable to transmit UL data to different eNBs simultaneously, Scenario U2 is also interesting for the feasible study. For Scenario U2, the reception eNB can be switched by TDM. However, if small cells are mainly used while UE is in their coverage, switching the reception eNB would be infrequent. To increase UL user throughput in average, Scenario U2 would still be sufficient. Therefore, the followings are proposed:
Proposal 4a:
For DL, the UE should be able to receive DL data from both macro and small cells simultaneously.

Proposal 4b:

For UL, the following two scenarios should be considered:

Scenario U1:

UE should be able to transmit UL data to both macro and small cells simultaneously.

Scenario U2:

UE should be able to transmit UL data to either macro or small cell.
3. Summary and proposal
This paper identified the challenging issues to achieve the requirements identified for small cell enhancements. This paper also tried to justify that dual connectivity will be able to resolve the identified issues. Therefore, the following was proposed:
Proposal 1:
For both separate carrier and co-channel scenarios, the feasibility of the scheme to provide DL/UL data service from both macro and small cells connected with non-ideal backhaul (i.e., dual connectivity between macro and small cell layers) should be studied.
With regards to target deployment scenarios for dual connectivity, the followings were proposed:

Proposal 2a:
Dual connectivity served by macro eNB and (multiple) small eNB(s) connected to each other with non-ideal backhaul should be considered as a target deployment scenario.
Proposal 2b:
To fully utilise small cells deployed at the macro cell edge, maintaining dual connectivity using the same small cell should be possible when the UE is handed over between macro eNBs.
For dual connectivity, the following design goals were proposed:
Proposal 3a:
Dual connectivity should be able to serve C-plane functionalities (connection management, mobility) by the macro cell layer.
Proposal 3b:
Dual connectivity should be able to select DL/UL U-plane data path via either macro or small cell, or both based on required QoS including mobility performance.
Proposal 3c:
Architecture for dual connectivity should be common for both separate carrier and co-channel scenarios if possible.
With regards to UE capability for dual connectivity, the followings were proposed:
Proposal 4a:
For DL, the UE should be able to receive DL data from both macro and small cells simultaneously.

Proposal 4b:

For UL, the following two scenarios should be considered:

Scenario U1:

UE should be able to transmit UL data to both macro and small cells simultaneously.

Scenario U2:

UE should be able to transmit UL data to either macro or small cell.
In addition, the proposed scenarios, design goals and UE capability assumption are beneficial to capture the TR if agreed by WG. Finally, the following is proposed:
Proposal 5:
The proposed target deployment scenarios, design goals and UE capability assumption should be captured in the TR of the higher layer study if agreed.
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