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1. Introduction

At the RAN2 #84 meeting, RAN WG2 discussed the combination of user-plane architecture alternatives 1A and 3C [1]. Whether we should adopt only one user-plane alternative or not was also discussed at the RAN #62 meeting, and it was decided that reconfigurations involving both 1A and 3C will only be considered later if they require minimal additions. In this contribution, we consider possible coexistence scenarios of alternatives 1A and 3C in E-UTRAN that adopt the dual connectivity.
2. Possible coexistence scenarios for alternatives 1A and 3C
Three following scenarios are considered as possibilities for the coexistence of user-plane alternatives 1A and 3C.
· (Coexistence scenario 1) A user-plane alternative is chosen for each eNB
· (Coexistence scenario 2) A user-plane alternatives is chosen for each bearer
· (Coexistence scenario 3) A user-plane alternatives is chosen for each UE
An example of coexistence scenario 1 is shown in Figure 1. In this figure, the left-hand diagram shows an example in which an alternative is decided for each MeNB, and the right-hand diagram shows an example in which an alternative is decided for pairs of MeNB and SeNB. The significance of choosing an alternative for each eNB is to choose the more desirable alternative depending on the transfer delay of the Xn interface between MeNB and SeNB and the capacity of the backhaul link of MeNB. Of these, the transfer delay of the Xn interface between MeNB and SeNB is influenced by various factors such as the backhaul link of MeNB, the backhaul link of SeNB and the physical pathway of the Xn interface between MeNB and SeNB. Therefore, depending on those conditions, the selection of the alternative involving the pairing of MeNB and SeNB as illustrated in the right-hand diagram in Figure 1 is at least possible. However, a problem arises in that case, because it is necessary to select and to set in each eNB an alternative for every pair of all eNBs that can be the relationship between MeNB and SeNB, which increases the operation cost. On the other hand, when the transfer delay of the Xn interface between MeNB and SeNB is dependent on the conditions on the MeNB side such that, for example, it is determined by the capacity of the backhaul link of MeNB, then the operational cost can be reduced by setting the selected alternatives only in every eNB, such as that in the left-hand diagram.
Observation 1: Coexistence scenario 1 may be necessary to deploy. However, it is also necessary to recognize that operational cost increases are unavoidable when deciding and setting the alternative to be adopted between every pair of MeNB and SeNB.
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Figure 1
(Coexistence scenario 1) Coexistence based on eNB-basis (Left-hand diagram: An alternative is selected for MeNB. Right-hand diagram: An alternative is selected for pairings of MeNB and SeNB)
An example of coexistence scenario 2 is shown in Figure 2. This coexistence scenario assumes at least that eNB can support both alternatives 1A and 3C, and that it can also activate them simultaneously. On that basis, in this coexistence scenario, alternative 1A is applied for certain bearers (among all those in a UE) to transmit data from S-GW to UE via SeNB directly, while alternative 3C is also applied for other bearers in the UE to transmit data from S-GW to UE via both MeNB and SeNB.
The significance of choosing alternatives 1A and 3C on a bearer basis is in the flexibility of being able to choose an alternative depending on the QoS required by each bearer. For example, for bearers for whom the required packet delay is a serious problem, it is desirable to send data packets to UE only via MeNB, as in legacy UEs. However, when the frequency band connecting MeNB to UE is congested, and there is a need to offload transmission data to SeNB, it might be beneficial to select one of the alternatives 1A and 3C according to the required delay or the required transmission rate for each bearer, because this would improve the quality of their experience at the UE level. In this way, the maximum benefit of adopting both alternatives can be enjoyed, when the alternative can be adjusted depending on the characteristics of each bearer. Note that it is necessary to equip the functionality on eNBs to decide and set the alternative adopted to each bearer in a UE.
In addition, it is necessary to discuss whether the RRC reconfigurations entailed by alternatives 1A and 3C can be performed at the same time or not, and exactly what kind of message structures and procedures will be needed to enable this if/when this kind of coexistence is permitted. Similar discussion are needed about the RRC reconfigurations caused by SeNB changes and the handling of MeNB handovers for UEs using alternatives 1A and 3C simultaneously.
Observation 2: It is thought that the coexistence of alternatives 1A and 3C in a UE has a merit because it can improve the experienced quality in UEs by making an adaptive choice between alternatives depending on the QoS required by each bearer.
Observation 3: It is necessary to discuss whether the RRC reconfigurations required by alternatives 1A and 3C can be performed at the same time or not, and exactly what kind of message structures and procedures would be used to enable this to happen if/when this kind of coexistence is permitted.
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Figure 2 
(Coexistence scenario 2) Coexistence based on bearer-basis
Finally, an example of coexistence scenario 3 is shown in Figure 3. This coexistence scenario also assumes at least that eNB can support both alternatives 1A and 3C and that it can also activate them simultaneously. On that basis, some selection method such as selecting an alternative for each UE according to some kind of conditions and algorithm can be considered when the UE initiated dual connectivity. One possibility that it might be used for throughput restriction imposed on a high traffic UE by having the operator select not alternative 3C, but 1A instead. However, it is not very realistic to impose throughput restriction on the UE by a choice between dual connectivity alternatives, because such a throughput restriction is usually realized on the network side. Furthermore, the most important reasons for selecting a particular alternative for each UE are difficult to ascertain.

Observation 4: No significant benefit of coexistence scenario 3 was found. Therefore, the coexistence scenario for dual connectivity alternatives should assume coexistence scenarios 1 and 2.
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Figure 3
(Coexistence scenario 3) Coexistence based on the UE
3. Conclusion

 In this contribution, we considered the possible coexistence scenarios for alternatives 1A and 3C in E-UTRAN for adopting dual connectivity, and found the following:
Observation 1: Coexistence scenario 1 may be necessary to deploy. However, it is also necessary to recognize that operational cost increases are unavoidable when deciding and setting the alternative to be adopted between every pair of MeNB and SeNB.
Observation 2: It is thought that the coexistence of alternatives 1A and 3C in a UE has a merit because it may improve the experienced quality in UEs by allowing the adaptive choice between alternatives depending on the QoS required by each bearer.
Observation 3: It is necessary to discuss whether the RRC reconfigurations required by alternatives 1A and 3C can be performed at the same time or not, and exactly what kind of message structures and procedures would be needed if/when this kind of coexistence is permitted.
Observation 4: No value was recognized in coexistence scenario 3, so any coexistence scenario for dual connectivity should assume a choice between coexistence scenarios 1 and 2.
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