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1 Introduction
There was an email discussion [1] after R2#82 to discuss the minimum requirement of UE capability for each scenario. 

This paper explains why and how we think single carrier UE could also benefit from dual connectivity.
2 Discussion
Dual connectivity is believed to be the essence of small cell high layer enhancements, for which takes advantage of the virtual layers of small cells and macro cells. In reality, such two virtual layers may exist on the same frequency (scenario #1) or on different frequency (scenario #2). It consists of two parts: mobility anchor and Uu(s) connection.

Multiple Uu is required if throughput enhancement is the target, i.e. inter-node resource aggregation. While throughput enhancement is not possible for single carrier UE, they face the same signaling overhead and mobility robustness problem. Mobility robustness is identified as a challenge in R2 study, especially when the goal is to maximize offloading and with potential features like cell DTX. Therefore, mobility performance of small cell layer is not as predictable as on the macro layer. 

Proposal 1:
Dual connectivity enhancement shall consider single carrier UE.
2.1 Dual connectivity for single carrier UE
The typical use case is UE is connected to small cell for data transmission while anchoring at a macro cell. The UE context is kept at anchor, but for single carrier UE, it can receive/transmit RRC message from only one cell at a time. So, dual connectivity is realized in a TDM fashion. And there are two options:

1) Signaling is supported on second layer only when the main layer encounters problem
2) Signaling is supported on main and second layer
Option 1) treats the second layer as a safety net for coverage. When UE enters RLF on the main layer, it can try to do re-establishment on the second layer first. Assuming CP anchor is there for the UE (the UE context is available on the second layer), re-establishment on the second layer would more or less always succeed. The benefit is that we can avoid the case that the UE goes to Idle due to re-establishment failure, and then UE CP context needs to be setup again from the MME. So, there is benefit from both mobility robustness, i.e. UE has to fall out of coverage of both layers to lose connection, and signaling reduction point of view.
To be able to send UL message, e.g. preamble, UE has to first synchronize to the cell. Assuming the SI is already provided, the delay mainly comes from frequency tuning, AGC, frequency/timing tracking. The actual delay depends on inter- or intra-frequency and frame construction (TDD/FDD, MBSFN). From R4 discussion on SCell activation, the longest delay is 34 ms, but the typical delay is shorter. Comparing to the typical 1000ms delay for t310, such mechanism can prevent long interruption and link failure.
If also UP anchor is supported (e.g. UP architecture 3D) for the UE, such switching between layers could be seamless from UP point of view, i.e. no Layer-2 reset.
Option 2) treats the second layer as a backup for RRC message. eNB is able to transmit DL RRC message to the UE, e.g. RRC diversity. Important DL RRC message, e.g. HO command, can be protected by duplicated transmissions from the two layers. HO procedure could continue as long as one of the RRC message is received by the UE. If duplicate is receive, UE just discards. By better protecting the important RRC message, mobility robustness can be enhanced. For UL RRC message, UE also has the opportunity to send it on both layers or on the layer which is the best for the moment.
To receive/transmit RRC message on the second layer, UE has to do one shot synchronization and then maintain the connection by periodic tracking. Similar to CA operation, the second layer is configured by network, and the one shot synchronization is done right after configuration. The gap pattern for periodic sync is signaled with the configuration.
For inter-frequency case, UE needs to switch back and forth between the two cells. Since each switch would waste a subframe, it is preferable that the switch is semi-static, similar to inter-frequency measurement. The main benefit of dual connectivity comes from increasing the HO successful rate and avoiding the interruption cased by HO failure, dual connectivity is justified if the benefit is more than the wasted subframe required by switching and keeping sync on the second layer. 
For intra-frequency case, UE also needs to switch back and forth between the two cells. However, the cost is less. The benefit also comes from higher HO successful rate and shorter interruption cased by HO failure, the actual gain compared to eICIC or CoMP is FFS.
The time required by synchronization on the second layer depends on various conditions, for example, network assistance, synchronization among eNBs, UE mobility, etc. and required further study.
For UL channel (PUCCH or PUSCH) on the second layer, the UE needs to acquire TA first. Alternatively, control feedback can also be signaled on the main layer.
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Figure 1: Control Plane options
Figure 1 shows the options of CP from the small cell TR [2]. Unlike the multiple carrier UE, the difference is for single carrier UE, Uu1 and Uu2 does not exist simultaneously. 
For option 1), Uu1 is the main Uu, and MeNB is prepared to receive message from the UE on Uu2. Since UE is anchored at MeNB, MeNB of both architectures is ready.
For option 2), Uu1 is the main Uu, and MeNB can reach UE on Uu2 on a configured pattern. Once configured, MeNB of both architectures knows when it can send RRC message to the UE.

In conclusion, both CP architectures can support option 1) and 2) for dual connectivity for single carrier UE. 

Proposal 2:
Capture the two options for supporting dual connectivity for single carrier UE into TR.
3 Conclusion
In this paper, we explained the need to support dual connectivity for single carrier UE from signaling load and mobility robustness perspective. Furthermore, two options for dual connectivity are proposed:
3) Signaling is supported on second layer only when the main layer encounters problem

4) Signaling is supported on main and second layer

It is proposed that R2 agree on following proposals.
Proposal 1:
Dual connectivity enhancements shall consider single carrier UE.
Proposal 2:
Capture the two options for supporting dual connectivity for single carrier UE into TR. 
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