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1 Introduction

In this contribution, we discuss data radio bearer (DRB) relocation aspects for dual connectivity.

2 Discussion

2.1 DRB suspension during DRB relocation in Option 1A
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Figure 1: DRB Relocation between MCG and SCG

We discuss a procedure to relocate one DRB from MCG to SCG in Architecture Option 1A. If we apply a straightforward method for relocating DRB2 from the MCG to SCG, quite a few steps are needed. For example in Figure 1, firstly DRB2 is released from MCG, and then DRB2 is established for SCG by an SeNB addition procedure. However, because the UE hasn’t attempted to access SeNB before, it is not sure if the UE can successfully complete the random access procedure towards SeNB. If the random access procedure fails, MeNB has to take DRB2 back to MCG, by for example applying the SeNB release procedure and then the DRB establishment procedure for MCG. We can expect some amount of time in which DRB2 is configured neither in SeNB nor in MCG, i.e. DRB suspension time.
To shorten the DRB suspension time due to relocation between MCG and SCG, we think it is effective to have a single RRC message that can accommodate both MCG reconfiguration and SCG reconfiguration in one step. 

Observation 1: 
To shorten the DRB suspension time during DRB relocation in option 1A, it is effective to accommodate both MCG reconfiguration and SCG reconfiguration with a single RRCConnectionReconfiguration message. 

Assuming that the single RRC message for both MCG and SCG is applied, we provide several solutions to avoid long DRB suspension time due to DRB relocation between MCG and SCG. It is noted that the single RRC message for both MCG and SCG is not always a requisite for the following solutions. 
2.1.1 Solution 1: SeNB synchronisation before DRB establishment for SeNB 
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Figure 2: Solution 1

In this solution, SeNB is added before any DRB reconfiguration. Because SCG is configured without any RBs, this is a similar concept to adding a deactivated SCell in the CA case, in the sense that further instruction is needed to resume data transmission. Even if random access towards SeNB fails, the configured DRB in MCG would not be affected, because the SeNB addition procedure does not involve DRB reconfiguration. If the network can make sure that the DRB relocation only occurs when the SCG has already been established, there is no concern with the random access procedure, because the random access is not needed as long as the SCG radio link is maintained by SeNB. This solution needs two RRC reconfigurations to achieve DRB relocation, but the DRB suspension time is minimized. In this solution, whether random access procedure for SeNB addition should occur before RRC connection reconfiguration procedure or not is not a critical issue. 

Observation 2: 
SeNB synchronisation before DRB establishment for SeNB can avoid DRB suspension time.

2.1.2 Solution 2: Decoupling random access procedure from SeNB addition 
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Figure 3: Solution 2

If the random access procedure is decoupled from the SeNB addition, a random access failure on SCG does not trigger the RRC connection re-establishment procedure. Therefore, after a random access failure detection in the network, it is possible to take DRB2 back to MCG. DRB2 can be resumed after the random access procedure is successfully completed or when DRB2 is reverted back to MCG after a random access failure. The DRB suspension time is a little longer than with Solution 1. 

Observation 3: 
Decoupling the random access procedure from the SeNB addition procedure can prevent a random access failure from triggering the RRC connection re-establishment procedure.

2.1.3 Solution 3: Re-establishment by SeNB synchronisation failure
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Figure 4: Solution 3

In this solution, the random access procedure is part of the RRC connection reconfiguration procedure for the SeNB addition. If the random access towards SeNB fails, the RRC connection re-establishment procedure is triggered. However, having the RRC connection re-establishment procedure triggering after a random access failure on SeNB is contradictory with the motivation of having dual connectivity. Therefore, this solution should be ruled out.

2.1.4 Solution 4: RRCConnectionReconfigurationComplete message includes Random access failure indication after SeNB synchronisation failure
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Figure 5: Solution 4

In this solution, the random access procedure is part of the RRC connection reconfiguration procedure for the SeNB addition. In contrast to Solution 3, even if the random access fails, the RRC connection re-establishment procedure is not triggered. If the random access on SCG fails, the Random access failure indication is included in the RRC connection reconfiguration complete message. With the Random access failure indication, the UE can revert back to a configuration prior to the RRC connection reconfiguration procedure. This solution can minimize RRC message exchanges. The DRB suspension time would be similar to Solution 1. 

Observation 4: 
The inclusion of the random access procedure into the SeNB addition procedure can reduce the number of RRC messages if a specific action at the random access failure is defined.

2.2 DRB reconfiguration problems of Option 3C

We haven’t analysed in detail the problems of Option 3C, but there would not be significant difference from the analysis of Option 1A above. Furthermore, DRB suspension would not occur with Architecture Option 3C, because a DRB is not relocated, but just additionally configured for SCG in Option 3C. 
3 Conclusion 

In this contribution, we describe the DRB relocation for dual connectivity. We have the following observations: 

Observation 1: To shorten the DRB suspension time during DRB relocation in option 1A, it is effective to accommodate both MCG reconfiguration and SCG reconfiguration with a single RRCConnectionReconfiguration message. 

Observation 2: 
SeNB synchronisation before DRB establishment for SeNB can avoid DRB suspension time.

Observation 3: 
Decoupling the random access procedure from the SeNB addition procedure can prevent a random access failure from triggering the RRC connection re-establishment procedure.

Observation 4: 
The inclusion of the random access procedure into the SeNB addition procedure can reduce the number of RRC messages if a specific action at the random access failure is defined.

Our current preference is Solution1 (SeNB synchronization before DRB establishment for SeNB) because it involves less specification change and minimal DRB suspension time, but if RAN2 thinks it is necessary to reduce the number of RRC messages for DRB relocation, Solution 4 could be considered. 
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