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1 Introduction
Recently, RAN2 has an email discussion with regards to which issues exist in small cell enhancement SI. Regarding mobility robustness, it has been captured as a expected challenge in small cell enhancement SI. Also the mobility robustness is included in current TR as one of the main challenging issues during email discussion. The concenus on the email discussion is that the mobility robustness issue will refer the conclusion on the HetNet mobility enhancement SI except for the dual connectivity issue. Generally the mobility robustness can be assessed by HO failure and RLF rate. However, there is no clear view on HO failure and RLF in case dual connectivity. 

In this contribution, we present current RLF behavior and introduce possible RLF behaviour in dual connectivity and issues for further study. Finally the definition of the RLF in dual connectivity is suggested to discuss the baseline metric for the mobility robustness evaluation in dual connectivity. 
2 Current RLF behavior
Until Rel-11, an UE declares the RLF based on the folloiwng conditions;
- Physical radio link problem by RLM

- RACH procedure failure

- RLC retransmission over maximum retransmission threshold 
In the case of the first condition, an UE can monitor physical radio link problem (Radio Link Monitoring). If the UE detects consecutive out-of-sync indication (N310), the UE starts the radio link failure timer ‘T310’ and on the expriy of the radio link failure timer (T310), the UE will declare the Radio Link Failure (RLF) [2].
In the case of second condition, an UE in connected mode can trigger RACH procedure to obtain uplink synchronization. On the RACH procedure, the UE sends random access preamble to the serving cell. However, in case radio link problem, the random access preamble cannot reach the serving cell and the UE can retransmit the random access preamble after backoff time elapsed. When the number of the random access transmission is over the maximum preamble transmission count, then the UE reports to upper layer the random access problem and declare the RLF. 

In the case of thrid condition, in RLC AM mode, the UE sends RLC PDU to serving cell and if the UE receives RLC PDU NACK from the receiver, the UE can retransmit the RLC PDU to receiver with the increment of the retransmission counter. If the RLC retransmission is over the maximum retransmission threshold, the UE will declare the RLF. And then the UE will start connection reestablishment procedure.
As we evaluated in HetNet mobility enhancement SI, the HO failure and RLF rate will be increased due to the deployment of small cell. Until Rel-11, the UE refers only one serving cell for the RLF declaration because there is no more serving cell to monitor for the RLF declaration (even in Scell, the RLF is not declared). 
However, in small cell enhancement SI, the dual connectivity might cause different RLF behavior because there are two serving cells and radio links. 
3 RLF declaration on dual connectivity
In Rel-12, the dual connectivity has been being discussed for the small cell enhancement SI. The dual connectivity can be considered as the status that one UE can access more than one serving cell in different eNBs. In case of the dual connectivity, there needs to consider different RLF declaration from legacy approach. That is because the UE can have more than one radio links and even in case of one radio link failure, there exists available radio link in the dual connectivity. Therefore, RLF declaration on the dual connectivity can have two alternatives and based on presented alternatives, we will present issues for further discussion.
3.1.
RLF declaration alternatives in case of dual connectivity
A. without RLF declaration on small cell (CA like approach)
RLF declaration cannot occur on small cell.
RLF declaration on Pcell and Scell issues have been discussed in Rel-11 CA. It was concluded that the Scell uplink transmission in case of Scell with out-of-sync problem can cause an interference problem but the Pcell can detect the Scell problem based on the measurement report. If Pcell detects the Scell radio link problem, the Pcell can remove and de-configure the Scell. Therefore, in CA, the Pcell is only considered for RLF declaration and there would be no RLF declaration on Scell. 
In fact, in case of CA, the UE has two serving cells e.g,. Pcell and Scell. Therefore, the issues are very simliar except non-ideal backhaul between macro and small cell. Thus, in dual connectivity, it is acceptable to apply same approach in CA, which the Pcell (macro cell) is only considered for the RLF declaration and no RLF declaration on Scell (Small cell). 

B. with RLF declaration on small cell
RLF declaration can occur on small cell. 
The UE might monitor the small cell physical radio link (RLM) and detects the uplink transmission problem based on the RACH preamble and RLC PDU retransmission problem. Even in case of small cell problem, the UE can declare the RLF and start connection reestablishment procedure to recover the connection.
Observation 1: 
In case of dual connectivity, RLF declaration can occur on macro cell and there would be two possible alternatives for RLF declaration on small cell. 

- Without RLF declaration on small cell (CA like approach)

- With RLF declaration on small cell 

3.2.
Issues on dual connectivity

A. The prevention of RLF declaration on small cell
When discussing on Scell RLF declaration in Rel-11, the issue was not because the UE needs to declare the RLF and start connection reestabishment procedure but because the UE needs to prevents the uplink transmission from interfering others and mitigates the interference on Scell. 

In small cell enhancement SI, macro and small cell will be deployed with non-ideal backhaul. Network architecture and funtional distribution is still under discussion, and depending on the detail dual connectivity architecutre and functional distribution, there would be issues on whether or not the uplink transmission on small cell which experience RLF would be fully prohibited by preventing RLF declaratoin on small cell. 
In CA, the UE uplink transmission in the Scell, which experience RLF, would be prevented by proper measurement report which includes RRM and CSI information by UE. That is, the Pcell can configure/de-configure based on the measurement report. 
Basically, we think that CA like approach without RLF declaration on Scell can be adopted in small cell enhancement SI. 
In CA, Pcell and Scell are co-located in one eNB and the Scell is deployed with ideal backhaul. Thus one eNB can control the centralized radio control function in CA. 
However, in small cell enhancement case, there would be possibility that the distributed radio control functions in two eNB (macro and small eNB) in dual connectivity. Even though there is no decision on network and protocol architecture, the centralized radio control funtionalities in Pcell could be distributed and then macro and small cell can have their own radio control funtioanlities e.g., RRM and scheduler. For example, the scheduler can be distributed into macro and small cell. Therefore, macro and small cell can have their own scheduler to perform fast link adaptation. At that case, the information like CSI can be directly transmitted to macro and small eNB individually. Then, the macro eNB might be difficult to detect the small cell link problem. At this point, it is still questiable whether the macro cell can detect the radio link problem on small cell and deconfigure the small cell. However, it is difficult to discuss this issue before deciding architecture and functionalites for dual connectivity in small cell enhancement SI.
Therefore, we propose that at the initial stage of the small cell enhancement SIthe CA-like approach that only the macro cell is considered for RLF and small cell is not considered is applied in case of dual connectivity. In other words, in dual connectivity, the RLF in small cell should not result in the RLF declaration and subsequent RRC connection reestablishmend procedure. 
Proposal 1:  
It is proposed that at the initial stage of the small cell enhancement SI, the CA-like approach that only the macro cell is considered for RLF and small cell is not considered is applied in dual connectivity. Therefore, the RLF in small cell should not result in the RLF declaration and subsequent RRC connection reestablishmend procedure in dual connectivity. 
B. RLC maximum retransmission on small cell 

In small cell enhancement SI, QoS based traffic offloading has been proposed to improve system capacity by utilizing radio resources in more than one eNB. For example, macro cell serves delay sensitive real time data traffic (e.g. VoLTE) and small cell serves the non delay sensitive bulk data traffic (e.g. file transfer).
For small cell architecture aspect, RAN split would be one of the possible solution and the QoS based traffic offload can be applied to the RAN split approach. On the RAN split architecture, there are several protocol architecture alternatives. The RLC split model that the small cell has RLC and below layers without PDCP layer would be a protocol architecture alternative. Considering the interaction between RLC and MAC layer, RLC layer in small cell with MAC/PHY would have more advantages than centrailized RLC in macro cell. For example, due to the non-ideal backhaul, expected delay between RLC and MAC layer would be much higher than RLC and MAC co-located case. In addition to that, for QoS based traffic offload approach, specific RB would be dedicated for small cell or macro cell. For the uplink transmission, specific RB would be allocated to either small cell or macro cell to transmit uplink traffic. 

As we explained in section 2, the UE can declare the RLF based on the uplink transmission problems which are RACH failure and RLC maximum retransmission case. In case of the RLC split for QoS based traffic offloading, there could be the uplink transmission problem to small cell and RLC PDU maximum retransmission can happen. And then RLF declaration would occur at the UE and the UE starts connection reestablishment procedure. When considering the dual connectivity, as the connection to macro eNB could be maintained, it is unreasonable to declare the RLF due to the link problem in the small cell and start connection reestablishment procedure. Therefore, we think that the RLF declaration due to the small cell radio link problem should be ignored in case there still connection maintained with the macro cell in the dual connectivity. 
Furthermore, considering the UE capability for dual connectivity, the UE would have enough uplink power to small cell if the UE transmits only to the small cell because for the dual connectivity, the UE should be implemented to be capable for uplink transmission to macro cell which has longer coverage. 
In small cell only deployment, the dual connectivity capable UE would have enough uplink transmission power to small cell. In the deployment where small cell is overlaid within the macro cell, there would be possibility in the lack of the uplink power to small cell if macro and small cell uplink transmission happen simultaenously. In the case of simultaneous transmission, depending on the UE location and channel condition, the uplink power to small cell may not be sufficient and the UE can experience radio link problem on the small cell. 
However, even in this case macro cell connection can be still avalable and there would be a small cell related measurement report to macro cell. Furthermore the RLC PDU maximum retransmission would happen after fairly long time has elapsed (e.g., t_reodering time x MaxRetThreshold) [3]. This fairly long time would be long enough in order for the UE to report the bad radio condition of the small cell to the macro cell. Thus, the macro cell is highly likely to detect the small cell radio link problem before the RLF declaration in the small cell due to the RLC PDU maximum retransmission. 
Observation 2: 

RLC PDU maximum retransmission in the uplink transmission on small cell would be very rare case and most small cell radio link problem can be detected by macro cell before reaching maximum retransmission in case of dual connectivity. Therefore, RLF declaration does not happen in small cell due to RLC maximum retransmission. 
Proposal 2: 

It is proposed that RAN2 is kindly requested to make RLF declaration in dual connectivity only in Macro cell and this assumption is be an baseline metric to evaluate mobility robustness in dual connectivity.
4 Conclusion
In this contribution, we have discussed the following observations.
Observation 1: 
In case of dual connectivity, RLF declaration can occur on macro cell and there would be two possible alternatives for RLF declaration on small cell. 

- Without RLF declaration on small cell (CA like approach)

- With RLF declaration on small cell 

Observation 2: 

RLC PDU maximum retransmission in the uplink transmission on small cell would be very rare case and most small cell radio link problem can be detected by macro cell before reaching maximum retransmission in case of dual connectivity. Therefore, RLF declaration does not happen in small cell due to RLC maximum retransmission. 
In this contribution, we have discussed the following proposals.
Proposal 1:  
It is proposed that at the initial stage of the small cell enhancement SI, the CA-like approach that only the macro cell is considered for RLF and small cell is not considered is applied in dual connectivity. Therefore, the RLF in small cell should not result in the RLF declaration and subsequent RRC connection reestablishmend procedure in dual connectivity. 
Proposal 2: 

It is proposed that RAN2 is kindly requested to make RLF declaration in dual connectivity only in Macro cell and this assumption is be an baseline metric to evaluate mobility robustness in dual connectivity.
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