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1 Introduction

In the last RAN2 meeting, it was briefly discussed whether the UL bearer split is essential or not for dual connectivity support in Rel-12. It was noted that there is no simulation shown so far for UL throughput enhancement using bearer split. Moreover, the enabling UL bearer split complicates the lower protocol configurations and operations. In this contribution, we discuss the above points and provide our views. 
2 Discussion

The scheduling grant for the UL transmission in LTE is UE based instead of RB (Radio bearer) based, therefore LCP procedure is needed to define how the data is scheduled for transmission from multiple bearers i.e, how to allocate the grant between different kind of traffic (RB/logical channel) of one user and fill the data from different logical channel into MAC PDU.

In current system with single connectivity, each kind of traffic can be served by all the serving cells. The grant from all the serving cells can be used by each kind of traffic /RB. But for the cases of the dual connectivity with macro cell and small cell, the grant will be transmitted by multiple cells and it is possible that different data/RB can be served by different cell. Moreover, the eNBs involved in the dual connectivity may be from different vendors hence has different scheduling policies. The schedulers may operates independently or with minimum interaction in order to support inter vendor deployment. Further, the non-ideal backhaul will lead to additional delay with packets sent over the small cell; for bearer split options, all packets will incur this delay due to re-ordering function.  These factors also need to be considered by the schedulers to meet the QoS requirements.  Therefore the logical channel prioritization should be improved taken into account the operating scenario where the UE is served by more than one independent scheduler belong to different network vendors with different QoS/scheduling policies. Modification required for logical channel propitiation depends whether bearer split is performed or not.

If no bearer split is considered for UL, LCP procedure is relatively simple. In this case, it is possible to simply use the legacy LCP procedure separately per each eNB grant.  The grant from one cell can only be used to transmit the data of the RB which is allowed transmission on it. However, if bearer split is considered in UL, the LCP procedure is more complicated and involves increase of signalling between the two eNBs as well as more complicated UE procedure is scheduling UL data to be transmitted considering bearer split and non bearer split RBs in MeNB. 

Observation 1: For the case where no bearer split is considered for UL, the grant from one cell can only be used to transmit the data of the RBs which is allowed transmission on it. Therefore the legacy LCP procedure can be used separately per cell resulting in simpler LCP procedure.

Observation 2: For the case where bearer split is considered, a new LCP procedure is required to define how to split the data of one bearer into multiple grants.

The Buffer Status report procedure is used to provide the serving eNB with information about the amount of data available for transmission in the UL buffers of the UE and the Scheduling Request (SR) is used for requesting UL-SCH resources for new transmission. When there is no resource allocation to transmit the BSR, SR sending will be triggered. In the system with single connectivity, there is only one node to get buffer Status report and scheduling request for scheduling and the BSR procedure has only one set of trigger. But to support dual connectivity, there are two serving cell and there are two distributed schedulers with non-ideal backhaul connection. 

For the case where no bearer split is considered in UL, the data mapped on the group of radio bearers is transmitted only through one cell, therefore, there is no problem for the buffer status report using the legacy BSR procedure. The user only needs to report BSR to the corresponding cell where the UL bearer is terminated. The difference with current system is the UE needs to maintain two set of configuration parameters and two sets of trigger procedure for MeNB and SeNB separately.

For the case where bearer split is considered in UL, the data of a radio bearer can be transmitted through both cells. However if the buffer status of the LCG is reported to both cells, the distributed schedulers in both cells are possible to allocate the resources for the data of this bearer. The worst consequence is the UE is allocated with twice of the resources needed for the data transmission for the bearer by both the cells thus cause the resource waste. To avoid this situation, a negotiation between the MeNB and SeNB on how much data can be transmitted to each cell should be considered. This also has impacts on BSR procedure.  

Observation 3: If no bearer split is considered in UL, the legacy BSR procedure can be re-used separately per cell, hence simpler BSR procedure. 

Observation 4: If bearer split is considered in UL, BSR procedure should consider that some LCG can be served by both cells hence modification is required to BSR procedure.
From the above discussion, it is clear that LCP and BSR procedures are simpler if no bearer split is considered in UL. Moreover, no simulations are shown so far that UL throughput enhancements can be achieved with bearer split compared to the existing techniques. Therefore unless significant UL throughput enhancement is shown with bearer split in UL, bearer split should not be considered for UL in dual connectivity support. 
Proposal 1: Bearer split in UL should not be considered for the design of dual connectivity support.
If proposal 1 is agreed, there are two UP architecture options which can be considered for UL in dual connectivity support.
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Figure 1: UL protocol architecture options with no bearer split supports
In a deployment scenario, there is no high backhaul capacity between MeNB and SeNB, option 1 is the only possible option for UL transmission. Option 2 is possible if there is high capacity backhaul link between SeNB and MeNB to deliver the user data. Therefore, at least option 1 should be supported to cater for the backhaul with limited capacity.
When considering the UL transmission, RLC provides the data in sequence to the PDCP where PDCP delivers the traffic directly to the S-GW in legacy network. The same procedure applies here as well independent of whether the PDCP layer is at the SeNB or MeNB. As the data only transmitted on a single radio link, the legacy RLC and PDCP operation can be used without modifications for UL transmission. 

If bearer split architecture is used in DL and option 1 is used in UL, it is required to configure UL and DL transport link independently. Our understanding this is already possible today. 

From the last meeting discussion, it is seen likely to maintain the commonality of the UP architecture options. For example, common procedures could be specified commonly while any functionality deviated from the common aspects may be specified clearly. The same principle has been followed in the LTE specification for FDD and TDD configurations. Therefore we think, common architecture should be specified independent of the DL architecture options.  UL architecture option 1 works independent of the DL protocol architecture applied. 

Proposal 2: a common UL protocol architecture should be considered independent of the DL protocol architecture been used. UL protocol architecture shown in option 1 is proposed to be considered as the common UL protocol architecture.

3 Conclusions

This contribution discusses UL protocol architecture options. The following observations and proposals are made:

Observation 1: For the case where no bearer split is considered for UL, the grant from one cell can only be used to transmit the data of the RBs which is allowed transmission on it. Therefore the legacy LCP procedure can be used separately per cell resulting in simpler LCP procedure.

Observation 2: For the case where bearer split is considered, a new LCP procedure is required to define how to split the data of one bearer into multiple grants.

Observation 3: If no bearer split is considered in UL, the legacy BSR procedure can be re-used separately per cell, hence simpler BSR procedure. 

Observation 4: If bearer split is considered in UL, BSR procedure should consider that some LCG can be served by both cells hence modification is required to BSR procedure.

Proposal 1: Bearer split in UL should not be considered for the design of dual connectivity support.

Proposal 2: a common UL protocol architecture should be considered independent of the DL protocol architecture been used. UL protocol architecture shown in option 1 is proposed to be considered as the common UL protocol architecture.
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