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1 Introduction

Dual connectivity is considered as the operation where a given UE can consume radio resources provided by at least two different network points (macro and small cell eNBs) connected via non-ideal backhaul while in RRC_Connected. Each eNBs involved in the dual connectivity may support Rel-10/11 CA. the UE is allowed to consume radio resources from multiple carriers belong to the same eNB when rel-10/11 CA is configured for the UE. From resource aggregation perspective, the dual connectivity can be seen as an extension of Rel-10/11 CA such that the UE is allowed to consume resources from multiple carriers belong to different eNBs. Considering that both dual connectivity support and Rel-10/11 CA support have similar goal for the throughput enhancement, it is important to evaluate the interaction of dual connectivity and Rel-10/11 CA and expected throughput and implication of dual connectivity support on CA configuration in different deployment scenarios.

2 Discussion

Throughput enhancement is considered as one focus technical area in dual connectivity support study. Different user plane architecture options aim to achieve throughput enhancements. Some architecture options (option 3 series) support the split of user plane data at packet level such that the data packet belong to the same EPS bearer can be transmitted via two transmission paths (one over SeNB and one over MeNB). While other user plane architecture options (option 1A, 2A and 2C) consider the packet belong to one EPS bearer is transmitted via only one eNB.

RAN2 discussion so far concluded based on the simulation under certain simulation assumptions that the dual connectivity may bring throughput enhancement in inter-frequency deployment scenario where MeNB and SeMB operate in two different frequencies. For intra-frequency scenario, it was concluded that the existing mechanisms are sufficient for throughput enhancement. It is also concluded in the last RAN2 meeting, multiple RX/Tx UE should be considered as minimum capability for dual connectivity study.
RAN2 discussion so far does not consider the possibility for deploying dual connectivity and Rel-10/11 CA together. Especially considering both features have the same goal, it is important to evaluate the deployment scenarios where both CA and dual connectivity may be possible.
One such deployment scenario is depicted in Figure 1. Frequency f1 and f2 are supported at the MeNB while frequency f3 and f4 are supported in SeNB. While the UE is connected to MeNB, f1 and f2 can be configured for CA according to rel-10/11 CA. Similarly while the UE is connected to SeNB, f3 and f4 can be configured for CA. Therefore the UE can at least consume resources from two frequency layers at a time according to Rel-10/11 CA support. If the UE is configured with dual connectivity such that the UE can consume resources from both MeNB and SeNB, the UE could be configured for resource from f1,f2,f3 and f4. According to the simulations and consideration so far in dual connectivity discussion, the configuring the UE with f1, f2 from MeNB and f3, f4 from SeNB is possible. There is no limitation of the configuration as long as the UE supports multiple Rx/Tx for sufficient for communication on multiple carriers. 
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Figure 1: Deployment scenario where frequency f1 and f2 on MeNB and frequency f3 and f4 on SeNB
The corresponding protocol architectures are shown in Figure 2. Note that user plane architecture option 1A and option 3C are illustrated in Figure 2 as examples. The similar modification could be introduced for other architecture options as well.

Considering the inter-frequency carrier operation, tight resource coordination among the cells is not required for interference mitigation. PUCCH of MeNB can be configured on f1 for example while PUCCH of SeNB can be configured on f3. No restriction is seen on the transmission of PDCCH ie. PDCCH can be transmitted on f1 to f4.
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           Option 3C
Figure 2: example of protocol architectures supporting combine rel-10/11 CA and dual connectivity
Proposal 1: RAN2 is requested to discuss the support of combined dual connectivity and Rel-10/11 CA configuration for the UE.

Another CA scenario is that same carrier frequencies are supported at the macro and small cell. For example f1 and f2 frequencies are deployed at the macro eNB while the same f1and f2 frequencies are deployed at the small cell as depicted in Figure 3. This deployment scenario could be considered for the throughput enhacement for the legacy UEs in the macro and the small cell. Macro eNB and small cell eNB are connected via non-ideal backhaul link. There are a number of existing technsques to mitigate the co-channel interference. For control channel (PDCCH) protection, cross carrier scheduling can be considered while frequency domain ICIC is used for data channel (PDSCH) protection. For example PDCCH is provided on f1 in MeNB while PDCCH is transmitted on f2 in SeNB. It is also possible to considere other techniques provided by eICIC and ePDCCH. 
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Figure 3: Deployment scenario where frequency f1 and f2 on MeNB and frequency f1 and f2 on SeNB
A dual connectivity capable UE can be configured with connection to both MeNB and SeNB. The user plane architecture is illustrated for the above scenario in Figure 4. PDCCH and PDSCH channels are protected with existing mechanism, for example ePDCCH for control channel and frequency domain resource coordination for data channel (ie. PDSCH). The resource coordination for interference mitigation is taken place between the two eNBs (and may be perform in semi-static manner).

For architecture option 1A, user plane data of one EPS bearer is transmitted on MeNB using frequency f1 and f2. Another EPS bearer is transmitted over SeNB using frequency f1 and f2. No especial care needs to be taken in dual connectivity configuration considering the existence of the same frequency in MeNB and SeNB in user plane architecture option 1A. Resource coordination between eNBs is transparent to the dual connectivity configuration in user plane architecture option 1A.
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Figure 4: example of protocol architectures supporting combine rel-10/11 CA and dual connectivity as illustrated in Figure 3
In user plane architecture option 3C, one EPS bearer is transmitted via frequency f1 and f2 of MeNB and frequency f1 and f2 of SeNB. Considering that the co-channel resource aggregation from different eNB doesn’t bring additional gain, the configuration of CA in both MeNB and SeNB together with dual connectivity in architecture option 3C is questionable. Possible combination for dual connectivity congfiguration with option 3C are:

a). f1 of MeNb and f2 of SeNB.  i.e. inter-node resource aggregation is supported while intra-node carrier aggregation (Rel-10/11 CA) is not supported
b) f2 of MeNB and f1 of SeNB. i.e inter-node resource aggregation is supported while intar-node carrier aggregation (Re-10/11) is not supported.
c). f1 and f2 of SeNB.

The performance differences of a) to c) in terms of throughput enhancements should be further evaluated to identify the best possible configuration. In our view, option a) to c) are no significantly different in terms of offered throughput to the UE. If all options a) to c) provide the similar throughput, it can follow the simplest approach (in terms of complexity) which is the Rel-10/11 CA configuration in SeNB for the EPS bearer offloaded via SeNB.
Similar conclusion could be drawn for the deployment scenario where frequency f1 is deployed at MeNB while frequency f1 and f2 are deployed at the SeNB.  The option a) and c) above are applicable for this scenario. 
Proposal 2: It needs further consideration on support of combined Rel-10/11 CA and dual connectivity in architecture option 3C. 
3 Conclusions

This contribution discusses the support of combined dual connectivity and Rel-10/11 CA considering different deployment scenarios. The configuration flexibility and limitation are discussed considering different user plane architecture options. The following proposals are made:

Proposal 1: RAN2 is requested to discuss the support of combined dual connectivity and Rel-10/11 CA configuration for the UE.

Proposal 2: It needs further consideration on support of combined Rel-10/11 CA and dual connectivity in architecture option 3C. 
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