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1. Introduction

 In RAN2#83bis, RAN2 down-selected two UP architectures, i.e. 1A and 3C. Then L2 transport for SRB needs to be discussed together with the UP architecture. Especially, the RRC diversity can be easily applied to the alternative 3C rather than alternative 1A. This paper will mainly discuss the RRC diversity in dual connectivity in terms of benefit, feasibility and complexity. 
Also, in RAN2#83, there were a lot of negative comments for the RRC diversity in single connectivity, e.g. HO comand transmitted from two eNBs, because of the uncertainty of feasibility and additional complexity. This paper will also introduce the additional complexity with RRC diversity in single connectivity.
2. Discussion
2.1
General


In RAN2#83, RAN2 decided the Option C1 as a baseline of CP architecture (Fig. 1). With Option C1, only the MeNB will generate the final RRC message. If RRC diversity is applicable, RAN2 needs to agree the transfer of RRC message via SeNB. However, RAN2 has not sufficiently discussed so far whether the transfer via SeNB will provide the significant gain. In dual connectivity, the small cells would be used for offloading purpose. In that scenario, the macro cells are assumed to reliably cover the whole coverage area. It means that there the transfer via SeNB would not be required. Furthermore, the transfer via SeNB would result in the burden in Xn interface and additional complexity. If the transfer via SeNB is acceptable, RRC diversity then needs to be discussed with dual connectivity.
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Fig. 1

Option C1 for CP architecture
Proposal 1: RAN2 to discuss whether the transfer of RRC message via SeNB is allowed.
2.2

RRC diversity in dual connectivity (Alternative 3C)

With the alternative 3C, a single SRB can be split into two links involved with MeNB and SeNB as shown in Fig. 2. It means that the both eNBs can transmit same RRC message to UE, i.e. RRC diversity. It is also possible for uplink. The following options can be considered:
· Option 1: No RRC diversity. In DL, MeNB doesn’t allow splitting the SRB. In UL, UE also transmits RRC message to MeNB only.
· Option 2: With dual connectivity, both eNBs always transmit same RRC message to UE in DL, and UE transmits same RRC message to both eNBs in UL. 
· Option 3: In DL, both eNBs transmit same RRC message to UE whenever the gain by RRC diversity is sufficiently expected. Otherwise, only one eNB transmit RRC message to UE. In UL, UE transmits same RRC message to both eNBs, according to same principle in DL.
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Fig. 2

L2 transport in Alternative 3C

Option 1 is not to allow RRC diversity. As already mentioned, the dual connectivity mainly intends to offload toward the small cell. In dual connectivity, MeNB would provide the reliable coverage to dual-connected UEs. Actually, in that case, the gain by RRC diversity is unclear because RRC message can be already received successfully in UE or eNB. Therefore, Option 1 can be a good approach. Alternatively, even though RRC diversity is not allowable, it can be allowed for transfer via SeNB such that RRC message can be delivered on the strongest link between MeNB and SeNB. In that case, minor spec impact would happen.
With Option 2, it is allowed to split the SRB. With Option 2, current functionalities in PDCP such as the reordering and duplication detection/discard mechanism can be reused. However, PDCP would need new functionality such as additional duplication functionality. In other words, PDCP has to copy the RRC message in order to send it toward two RLC entities. Also, PDCP behavior in some scenarios has to be exactly defined. For example, if the last cell in SCG is removed, for the bearers associated with SeNB, UE will have to start PDCP retransmissions of unconfirmed transmissions made in the SCG. However, for the SRB configured with RRC diversity, it would not be needed because all PDCP PDU’s are already transmitted in the PCG. The problem in Option 2 is that the radio resource could waste because RRC message should be always delivered to both links even if one link is sufficiently good. 
With Option 3, the most complex approach, SRB splitting is assigned whenever the gain by RRC diversity is sufficiently expected. It can be helpful to avoid wasting the radio resources. However, the gain is unclear still. If Option 3 is preferable, this approach would require studying a lot of considerations, e.g. when RRC diversity is triggered or who triggers RRC diversity. A certain condition has to be defined such that RRC diversity can be only triggered when the gain by RRC diversity is expected. For example, if one link can provide sufficiently good quality, RRC diversity would not be needed. Also, according to who triggers RRC diversity, the procedure will be different. For NW-controlled, the MeNB can dynamically trigger RRC diversity to UE by using MAC CE or configuration bits if a certain condition is satisfied. For UE-controlled, UE by itself can trigger RRC diversity with a certain condition configured by NW in advance.
At this moment, it is unclear whether RRC diversity in dual connectivity can provide a significant gain while considering the use case of dual connectivity. On the other hand, some enhancements and additional radio resources are required. Accordingly,
Proposal 2: RRC diversity in dual connectivity is not considered until it is proved that the performance gain by RRC diversity is remarkable.
2.3

RRC diversity in single connectivity
In Section 2.2, RRC diversity in dual connectivity was discussed. RRC diversity in single connectivity can be also considered. The main use case in single connectivity is the HO command transferred by two links, i.e. from target cell as well as source cell. In the previous meetings, some companies have introduced that the mobility performance gains by RRC diversity in single connectivity can be expected [1][2]. On the other hand, we would like to focus on the additional complexity. The source cell should provide a kind of pre-configuration such that UE at cell boundary can monitor PDCCH from the target cell in advance. The pre-configuration would include the information such as the cell IDs of target cell, C-RNTI information for monitoring PDCCH of the target cell and so on. Also, because UE has not synchronized to target cell yet, it cannot transmit any feedback information to the target cell in the response of HO command from the target cell. It means that new definition for the retransmission from the target cell is required. Finally, since UE at cell boundary should keep monitoring multiple PDCCHs from different eNBs, it would result in additional UE burden.
In UL RRC diversity, the complexity is also remarkable. In UL RRC diversity, for example, UE can transmit SR or measurement report to both eNBs. To do this, it has to keep synchronizing one or more candidate cells even though the cells are not actual serving cells. If contention-free random access is assumed, the serving cell should be provided the additional configuration to UE.
Therefore, RRC diversity in single connectivity should not be considered until the additional complexity is acceptable.
Proposal 3: RRC in single diversity is not considered. 
3. Conclusion
It is proposed that
Proposal 1: RAN2 to discuss whether the transfer of RRC message via SeNB is allowed.

Proposal 2: RRC diversity in dual connectivity is not considered until it is proved that the performance gain by RRC diversity is remarkable.
Proposal 3: RRC in single diversity is not considered.
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