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1 Introduction

In uplink system, the buffer status report is the important scheduling information to provide the serving eNB with information about the amount of data available for transmission in the UL buffers of the UE. In last meeting, there are some discussion on the BSR report supporting dual connectivity, and the following  agreement was made.

 “For eNB-specific bearer, UE sends BSR information related to specific bearer towards the eNB for which corresponding bearer belongs to” 
However it is still FFS on BSR in bearer splitting case and there are some detailed issues left in BSR in no bearer splitting case. In addition, scheduling request is closely related with BSR and is used for requesting UL-SCH resources for new transmission for BSR when there is no resource allocation to transmit the BSR. Different SR scheme is needed to support the different BSR scheme. In this paper we discuss the SR and BSR together. 
2 Discussion
2.1 LCID and LCG configuration 

The buffer status report granularity based on the LCG, i.e, the logical channel group, due to there is one to one mapping relationship between logical channel and radio bearer, the buffer status report granularity is group of logical channels,i.e, group of radio beareres. Therefore firstly , the BSR is closely related with  how the logical channel is configured for one radio bearer. 
There are users with single connection besides the users with dual connectivity whether in macro cell or in the small cell. For this kind of user with single connection, it is up to its serving cell to allocate the logical channel and logical channel group. The scheduler in each cell should treat the user with single connection and dual connection equally and the scheduler can get QoS related information of the user from the logical channel allocated to it. Therefore for the RB of the user with dual connection, the logical channel and LCG should also be allocated by the cell over which the RB is transmitted. For one RB transmitted over two cells, it is possible to be configured with two LCIDs from the two cells.  Furthermore, the LCG should also be configured by the two cells respectively. 
Observation1 : The LCID for one RB should be configured by the eNB which the RB have transmission on. In Bearer splitting case, the RB can be configured with LCID from the two cell respectively. The two LCID can be the same or different.
2.2 BSR and SR for bearer splitting 
If the bearer splitting is supported in UL, the data mapped on this bear can be transmitted through both cells. If the buffer status of this radio bearer is reported to both the cells, then the disdtributed schedluers in both cells are possible to allocate the resources for the data of this bearer. The worst consequence is the user is allocated twice of the resource need 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 tarnsmitted to each cell should be considered. One flow control function in macro eNB can be used to determine how much data will be transmitted to each cell. The flow control can be based on the load or the channel status of both cells. Based on the flow control results, the buffer amount of this bearer for each cell can also be determined. The detailed implementation way can have the flowing options: The user report the total BSR to MeNB and SeNB , and the two cell determine the corresponding BSR based on the percentage. Or the UE is informed the percentage, and it calculates the new BSR for the two cells separately and report them to the two cell separately . 
Observation 2: The buffer status report should be enhanced for dual connectivity, especailly for the bearer splitting case.
Observation 3: The buffer report for the two cells can be derived at the eNBs or the UE separately based on the coordination results for the bearer splitting case. 

Moreover, the BSR should report to the two cells separately, hence SR needs to be transmitted to both eNBs. However if D-SR is configured independently for MeNB and SeNB with different D-SR periodicity to account for QoS of the traffic and saving dedicated recourses of the cell, the UE will trigger D-SR intended for SeNB and MeNB in different time. This means one eNB will grant the resources earlier than the other for the same bearer. Hence the bearer split may not work as expected/intended unless both eNBs have received SR hence grant the resource at similar time. Therefore the SR arrival time should be controlled. The detailed implementation way can have the flowing options: One option is to provide D-SR to both cells at more or less the same time for bearer split traffic. However this requires coordination of D-SR configuration between the two cells.  Other case is  the UE only send one SR to the MeNB for bearer splitting traffic. MeNB forwards the SR to SeNB. This has impact due to backhaul link. Another option is to allow the UE to trigger the RACH tranmission if the D-SR will not arrive in a certain time although the D-SR is configured. 
Observation 4: The SR arrival time to different cells should be controlled to make the scheduler work as expected in bearer splitting case. 

2.3 The remaining issues for No bearer splitting 

In no bearer splitting case, there is agreement that “For eNB-specific bearer, UE sends BSR information related to specific bearer towards the eNB for which corresponding bearer belongs to”. Here we discuss the details of implementation of the above report rule. Firstly, the difference with current system is the UE need two set of configuraion parameters and the UE will maintain two sets of trigger procedure for both cell separately .e.g. the periodicBSR-Timer and retxBSR-Timer. And the padding BSR rule also should be modified to “If the UE is requested to transmit multiple MAC PDUs to one eNB in a TTI, it may include a padding BSR in any of the MAC PDUs which do not contain a Regular/Periodic BSR.”
Moreover, 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. Therefore there are also two sets of SR sending procedure for the two cells separately. If there is no valid PUCCH resource on macro cell for SR configured in any TTI, UE initiates random access on macro cell. If there is no valid PUCCH resource on small cell for SR configured in any TTI, UE initiates random access on small cell. 
Observation 5:  The configuration and triggering for BSR reporting and the padding BSR rule as well as SR sending procedure should also be enhanced correspondingly. 
2.4 Others 
For the RLC AM, the RLC status PDU will be generated in the receiver side to give the reception status (i.e, the ACK or NACK information) to the transmission side. In last meeting, it is discussed that it would be more efficient to transmit the RLC status PDU directly to the corresponding eNB. Currently, there is not a field in the RLC status PDU indicating logical channel ID, the logical channel for the RLC status PDU can be implicitly indicated by the RLC status PDU being generated in the RLC entity with the same logical channel id with the RLC entity in the transmission side.  Take the downlink as example, if the logical channel that the RLC PDU status mapped on is allocated to one RB transmitted over another eNB and bearer splitting in UL is not supported, then there will be issues to transmit the RLC PDU status.
There needs additional method to solve the above issues. One solution is the LCID is also configured to one RB for UL transmission to the same eNB with DL, but this will require the coordination between the cells.  Another method is to maintain one virtual logical channel for RLC status transmission. It means the RLC status for DL RLC feedback will be put on the virtual logical channel, and the data for UL to another eNB will put on the logical channel, the logical channel and the virtual logical channel will be with the same id. And the RLC status PDU and UL data with the same logical channel id will be transmitted to different eNBs. By this method, the logical channel information of RLC status is implicitly indicated as current system.  This will be different with the real RB splitting concept which means the UL data of one RB can be multi-flowed.  For this solution, even if the logical channel (i.e, LCG) is not configured to any of RB over one eNB, the user is still allowed to report the BSR of the logical channel (i.e,LCG) to the eNB since it is possible to transmit the DL RLC status mapped on this logical channel .
The other solution is lending one logical channel which is configured to the RB transmitted to this eNB in UL to transmit the RLC status PDU .This require the eNB have a fixed relationship mapping between the used LCID and the real logical LCID of RLC status and inform this to the UE as well. The BSR need to be optimized correspondingly, firstly, the user will know use which logical channel to transmit the RLC status PDU, then it will use the LCG for this logical channel to report the BSR.  In addition, there need the “R’bit in the MAC header for BSR MAC CE to indicate the BSR reporting is for the buffer status of RLC status with another LCID or for the UL data transmission of the LCID of itself. 

Observation 6: Additional mechanism is needed for the RLC status PDU transmission and corresponding BSR reporting.
3 Conclusions

This contribution discusses the BSR in bearer splitting case and detailed issues left in BSR in no bearer splitting case as well as the SR transmission. The following observations are made:

Observation1 : The LCID for one RB should be configured by the eNB which the RB have transmission on .In Bearer splitting case ,the RB can be configured with LCID from the two cell respectively. The two LCID can be the same or different.
Observation 2: The buffer report should be enhanced for dual connectivity, especailly for the bearer splitting case.
Observation 3: The buffer report for the two cells can be derived at the eNBs or the UE separately based on the coordination results for the bearer splitting case. 

Observation 4: The SR arrival time to different cells should be controlled to make the scheduler work as expected in bearer splitting case. 

Observation 5:  The configuration and triggering for BSR reporting and the padding BSR rule as well as SR sending procedure should also be enhanced correspondingly. 
Observation 6: Additional mechanism is needed for the RLC status PDU transmission and corresponding BSR reporting.
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