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1. Introduction

RAN2 has agreed to use option C1 as the baseline CP architecture for inter-eNB CA. One aspect of the inter-eNB CA that needs to be resolved is the handling of RLF conditions. This contribution discussed the issues of RLF related to RLM of SeNB, loss of connection with the MeNB, inter-eNB CA activation and RACH failure.   
2. Discussion

Both inter-eNB CA and intra-eNB CA have the benefit of increasing user-throughput by allowing the UE to connect simultaneously to multiple cells. It has already been clarified in the previous meeting that both the MeNB and the SeNB can have its own serving cells belonging to MCG and SCG, respectively. To prevent unnecessary complexity for both the UE and the NW it would be preferable for the CP architecture of intra-eNB CA to be reused in inter-eNB CA’s CP architecture as much as possible.  However, the reuse of the intra-eNB CA procedures should be done with caution to prevent any significant degradation to inter-eNB CA performance. In the RLF discussions below, RLF related issues for inter-eNB CA are discussed in context of the existing procedure for intra-eNB CA.  
2.1.  RLM of the SeNB
In intra-eNB CA, RLM isn’t supported on the SCell since PCell uses CQI and measurement reports to determine the status of the SCell, including addition/activation and possible RLF. In inter-eNB CA, the situation isn’t as simple, since it is assumed that the SeNB has its own scheduler and the latency in the Xn interface may be excessive, it’s reasonable for the UE to send CQI to the MeNB and the SeNB. This concept is described in Fig.1.  Furthermore, even if the UE’s radio link to the MeNB has failed, the UE’s radio link to the SeNB may be perfectly fine.  If the UE only applies RLM to the MeNB, the UE would be required to declare RLF when only the link to the MeNB fails.  Therefore, it would be beneficial to also allow the UE to also apply RLM of the SeNB. 
[image: image1.png]CQI of SeNB




Fig.1 UE sends each CQI to both MeNB and SeNB

Proposal 1:
As a baseline, UE should send CQI to the MeNB and the SeNB.
Proposal 2:
UE should also apply RLM to the SeNB.
If Proposal 2 is agreeable, it will also be necessary to determine whether the MeNB needs to know the status of the RLM.  As explained in [1], it would be necessary for the MeNB to remove the SeNB as soon as possible to prevent the UE from sending further SRS to the SeNB in case UL transmission to the SeNB is also allowed. Additionally, if the MeNB knows the RLF status of the SeNB, the MeNB could configure the UE with measurement of other candidate inter-frequency SeNBs.  Although either SeNB or UE may inform the MeNB of the SeNB’s RLF status, in case the backhaul latency is excessive, it may be preferable for the UE to provide the SeNB’s RLF status to the MeNB.

Proposal 3:
MeNB should be notified of the SeNB’s RLF status.  
Assuming Proposal 3 is agreed, it is also necessary to determine the form of the notification of the SeNB’s RLF status to the MeNB.  One possibility would be for the UE or the SeNB to send indication to the MeNB only after the UE has declared RLF with the SeNB.  However, it may also be beneficial for the MeNB to obtain the CQI information of the SeNB to better monitor the link to the SeNB since the MeNB is responsible for the addition/removal/switching of the SeNB.  Since Alt 3C with bearer split option is already agreed as one of the two UP architectures, it would be up to the MeNB to determine the traffic that would be steered toward the SeNB.  Having the CQI of the SeNB would also be beneficial for the MeNB to decide the management of the bearer split.   

Proposal 4:
As a baseline, UE should send CQI of the SeNB to the MeNB.  It is FFS whether additional information from CSI is also needed. 
2.2.  RLF with the MeNB
Thus far it is assumed that the CP architecture is based on Option C1which means there is only one RRC entity in the UE and since the MeNB is the anchor eNB, it will coordinate all mobility functions for the UE.  If Proposal 1 is agreed and the UE also monitors the SeNB’s radio link, this means there may be a situation the UE may only have connection with the SeNB and not the MeNB due to poor link condition. Under this scenario, it is necessary to determine whether the UE could continue the connection with only the SeNB under Option C1. This issue has also been addressed in [2][3]. In order for the SeNB to serve the UE with mobility functionality, the SeNB need to have a means to maintain RRC functionality with the UE. The following options may be considered.
1. The SeNB should be removed and the UE can attempt to re-establish with the MeNB. This is similar to the intra-eNB CA case where the UE deactivates the SCell when the UE triggers RLF with the PCell. 
2. The MeNB should inform the SeNB of the UE’s RLF condition with the MeNB. This could trigger the SeNB to establish an SRB with the UE so that RRC functionality can be restored with the SeNB. ​​The MeNB should also send the UE’s context to the SeNB.
Option 1 above is similar to the intra-eNB CA case where the UE deactivates the SCell when the UE triggers RLF with the PCell, but it would require that the UE’s connection to the SeNB is also removed which is counter to the reasoning for monitoring the radio link of the SeNB. 
With Option 2, UE’s connection with the SeNB may be maintained, but it’ll be necessary for the MeNB to notify the SeNB of the RLF condition. Since the UE no longer has RRC functionality with the SeNB, there is no means for the UE to notify the SeNB of the RLF condition.  And with option 2, once the SeNB establishes an SRB with the UE, it would be possible for the MeNB to send RRC messages to the UE via the SeNB’s Uu interface. 
Currently it is still FFS whether one of the serving cell of the SeNB would also be a PCell for the UE.  If it is decided there would be a PCell for the MeNB and a PCell for the SeNB, it would make sense to go with Option 2 since PCell should not be removed from the UE. 

Proposal 5:
With CP architecture Option C1, if the UE experiences RLF with the MeNB, the MeNB should inform the SeNB of the UE’s RLF condition with the MeNB so that the SeNB can establish an SRB with the UE to restore the RRC functionality with the MeNB.

2.3. Inter-eNB CA activation
The activation of inter-eNB CA should also be considered based on Option C1. If the UE is initially camped on a small cell, the small cell will likely need to handover the UE to the MeNB prior to inter-eNB CA since the UE should only have RRC connection with the MeNB.  One way to avoid the need for the handover from the small cell to the MeNB prior to inter-eNB CA is to ensure that the UE always camp on MeNB since only the MeNB will configure inter-eNB CA.  However, since the small cell has to support legacy UEs, it must be able to support legacy UEs as a standalone cell.  So it may be difficult to prevent UEs from camping on small cells. It is FFS whether further enhancements are needed for the Cell Reselection procedure for inter-eNB CA capable UEs.
Proposal 6:
RAN2 should consider whether enhancements are needed for Cell Reselection procedure for inter-eNB CA capable UEs.

2.4. RACH
Currently for intra-eNB CA, RAR is only sent from the PCell; however, this is based on the ideal backhaul which isn’t the case for inter-eNB CA.  In inter-eNB CA, if we assume that the UE can transmit to both MeNB and SeNB, then the UE will send a RACH preamble to the SeNB. However, if the UE can only receive RAR from the MeNB, depending on the latency of the Xn interface, this may adversely affect how the network can adequately determine the proper value for the T300 timer. Therefore, it would be better to allow the SeNB to send the RAR to the UE. If the RAR is sent from the MeNB then it is also necessary for the MeNB to know the RACH status, in particular, if the RACH fails since the MeNB is responsible for configuring inter-eNB CA. Then the SeNB or the UE should inform the MeNB of RACH failures.  
Proposal 7:
When the UE sends RACH preamble to the SeNB, the SeNB should send the RAR to the UE. 

Proposal 8:
The SeNB or the UE should inform the MeNB of RACH failures.
3. Conclusion
In this contribution, we discussed the issues related to RLF in inter-eNB CA.  In particular, the handling of RLF is compared with similar procedures in intra-eNB CA. We have the following proposals.
Proposal 1:
As a baseline, UE should send CQI to the MeNB and the SeNB.

Proposal 2:
UE should also apply RLM to the SeNB.
Proposal 3:
MeNB should be notified of the SeNB’s RLF status.  
Proposal 4:
As a baseline, UE should send CQI of the SeNB to the MeNB.  It is FFS whether additional information from CSI is also needed.
Proposal 5:
With CP architecture Option C1, if the UE experiences RLF with the MeNB, the MeNB should inform the SeNB of the UE’s RLF condition with the MeNB so that the SeNB can establish an SRB with the UE to restore the RRC functionality with the MeNB.

Proposal 6:
RAN2 should consider whether enhancements are needed for Cell Reselection procedure for inter-eNB CA capable UEs.

Proposal 7:
When the UE sends RACH preamble to the SeNB, the SeNB should send the RAR to the UE. 

Proposal 8:
The SeNB or the UE should inform the MeNB of RACH failures.
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