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1. Introduction
This contribution discusses how CN split architecture could be designed without user data forwarding in the re-transmission buffer from macro eNB to small eNB, and from small eNB to another small eNB.
2. Target scenario to discuss
According to the email discussion "[81#32] LTE/SCE: Analysis of expected challenges in small cell deployments", the increased signaling load due to frequent handover was identified as a challenging issue. The signaling load or user data load could be increased at several places such as the radio interface between UE and the eNB, the X2 interface between eNBs, and the interface between eNB and CN.

Separating control plane and user plane could be one approach to minimize the overall signaling load over all the interfaces as the macro connection for control plane is maintained when the second connection is changed between macro eNB and small eNB, and between small eNBs. Another approach to minimize the overall signaling load over all the interfaces is that the UE is connected to the small cell only when the UE speed (MSE) is low speed.
While above 2 approaches are useful to minimize the overall signaling load at all the 3 interfaces, this contribution particularly discusses how to minimize the user plane data traffic over X2 interface assuming that the CN split is used and the backhaul capacity is limited. This contribution particularly describes how to eliminate the need of user data forwarding in the re-transmission buffer over X2 interface in the case of CN split for dual connectivity of scenario #2, where macro and small cells on different carrier frequencies (inter-frequency) are connected via non-ideal backhaul.
3. One example CN split architecture
Following Figure 1 shows a candidate CN split architecture from protocol stack point of view. The blue colored line is the EPS bearer established through the macro eNB and the red colored line is the EPS bearer established through the small eNB. For the sake of simplicity, following assumptions are made. There may be more than 1 EPS bearers being served but only 1 EPS bearer is used as an example. Only downlink is shown but the same principle can be applied to the uplink as well.
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Figure 1: One candidate CN split architecture 
The figure 1 intends to describe what happens when the UE is moving into the small eNB coverage, overlaid with the macro eNB coverage. The figure 1could possibly be interpreted as the case that the EPS bearer in the small eNB is additionally added to the EPS bearer in the macro eNB. However, it is not the intention of this figure but the intention is to mean that the EPS bearer in the macro eNB is offloaded to the EPS bearer in the small eNB.
If the same principle for the handover procedure is applied, in order to ensure lossless handover in the downlink, the PDCP SDUs in the retransmission buffer of the macro eNB, for which reception has not yet been acknowledged by the UE, are forwarded to the small eNB and the small eNB retransmits them to the UE in the downlink. The data forwarding during handover is necessary as the radio connection in the source cell is disconnected before the UE is connected to the target cell.
However, in the case of dual connectivity, especially where the UE has the capability of simultaneous transmission to both macro eNB and small eNB, and the same as for reception, then it is not necessary for the UE to disconnect from the source cell (macro eNB in this example) before the UE is connected to the target cell (small eNB) as the macro eNB coverage is overlaid with the small eNB coverage and the control plane is maintained with the macro eNB. In other words, it is better to change the eNB connection as fast as possible in order to maximize the traffic offloading purpose but immediate change is not necessary as the UE is still under the macro eNB coverage.
If ping-pong or short time of stay is monitored for certain time and the probability of ping-pong and short time of stay to happen is believed to be low, then it would not be too late to start using the small eNB radio resources for traffic offloading.
Observation 1: In the case of scenario #2, in order to offload the data traffic from macro eNB to small eNB overlaid with macro eNB, it is better to change the radio connection from macro eNB to small eNB as fast as possible in order to maximize the traffic offloading purpose. However, the opposite idea that the change does not necessarily need to be immediately made is also valid as the UE is still under the macro eNB coverage.

4. Conceptual procedures of traffic offloading to small eNB
Following figure 2 shows the conceptual procedures when the user plane data is offloaded from macro eNB to small eNB. 
One key point in the procedures is that the DRB and associated MAC/PHY configuration of the macro eNB can intentionally be maintained until the new DRB and associated MAC/PHY configuration in the small eNB is completed and is to be used. Please note that the time of start using the new DRB over small eNB could even be quite later than the time of the configuration completion if needed. This is possible because the DRB and MAC/PHY configuration over macro eNB could be intentionally maintained due to the overlaid macro coverage.
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Figure 2: Conceptual procedures of traffic offloading to small eNB
Observation 2: It is not necessary to stop using the DRB over the macro eNB right after start using the DRB over the small eNB as the UE is still in the overlaid macro eNB coverage. This provides enough time for the completion of retransmission over the Macro eNB.
The other key point is that as the UE’s PDCP and RLC entities for the new DRB for the new EPS Bearer over the small eNB are separate from the PDCP and RLC entities for the EPS Bearer over the macro eNB, no PDCP and RLC re-establishments are required regardless of whether the EPS Bearer over the macro eNB is maintained for fast fall back or removed.
Observation 3: As the UE’s PDCP and RLC entities for the new DRB for the new EPS Bearer over the small eNB are separate from the ones for the EPS Bearer over the macro eNB and they can have enough time for the completion of retransmission using the DRB over the macro eNB even after start using the DRB over the small eNB, no PDCP and RLC re-establishments at macro eNB are required.
The Observation 3 above does not mean that the DRB over the macro eNB should be permanently kept but rather means that the DRB over the macro eNB can be intentionally kept for short or long time until the completion of retransmission over the Macro eNB.
Based on above observations, the following proposal is made.

Proposal 1: When RAN2 discusses the dual connectivity architecture, RAN2 is kindly requested to take into account that it is possible to have CN split architecture, which does not need to forward the user data in the re-transmission buffer in one eNB to the other eNB.
5. Conclusion
The following observations and proposal are made:
Observation 1: In the case of scenario #2, in order to offload the data traffic from macro eNB to small eNB overlaid with macro eNB, it is better to change the radio connection from macro eNB to small eNB as fast as possible in order to maximize the traffic offloading purpose. However, the opposite idea that the change does not necessarily need to be immediately made is also valid as the UE is still under the macro eNB coverage.
Observation 2: It is not necessary to stop using the DRB over the macro eNB right after start using the DRB over the small eNB as the UE is still in the overlaid macro eNB coverage. This provides enough time for the completion of retransmission over the macro eNB.
Observation 3: As the UE’s PDCP and RLC entities for the new DRB for the new EPS Bearer over the small eNB are separate from the ones for the EPS Bearer over the macro eNB and they can have enough time for the completion of retransmission using the DRB over the macro eNB even after start using the DRB over the small eNB, no PDCP and RLC re-establishments at macro eNB are required.
Proposal 1: When RAN2 discusses the dual connectivity architecture, RAN2 is kindly requested to take into account that it is possible to have CN split architecture, which does not need to forward the user data in the re-transmission buffer in one eNB to the other eNB.
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3. DRB and MAC/PHY for small eNB is configured while the DRB for macro eNB is intentionally maintained to be continuously used. However, the UE does not use the DRB over small eNB and instead keep using the DRB over macro eNB.


2. Procedures of the preparation for establishing new EPS Bearer over the small eNB are performed.
The EPS bearer over the macro eNB is intentionally maintained to be continuously used.


4. Establishment of the new EPS Bearer over the small eNB is completed. However, it is not used for data transmission and the EPS bearer over the macro eNB is intentionally maintained to be continuously used.


5. Optionally, ping-pong and short time of stay are monitored for certain time period. If the probability of ping-pong and short time of stay is expected to be low, then using the EPS Bearer over the small eNB can be considered.


6. Start using the EPS Bearer over small eNB. The EPS Bearer over macro eNB can either be removed or just deactivated while keeping the radio configuration. No PDCP and RLC re-establishment are required as the PDCP and RLC entities for small eNB are separate from the PDCP and RLC entities for macro eNB.



