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1 Introduction
In the last RAN2 #84 meeting, it was agreed that

“RLC STATUS PDUs are transmitted to corresponding eNBs via the corresponding Uu interface.”

In this paper, we discuss how the BSR mechanism needs to be modified to support RLC STATUS PDU transmission.
2 Discussion
It is agreed that Alternative 3C will be supported in downlink. Uplink bearer split is not yet decided. However, for the case of downlink split with no uplink split, two separate BSRs need to be transmitted. Following the agreement, if we have to send the two BSRs, there may be multiple options to generate these BSRs. 

Option 1: One BSR will cover the total size of the RLC Status PDU to one eNB and the other one will cover the total buffer status (including RLC Status PDU) to another eNB. 
This option is the simplest and does not require any specification change. Also RLC status PDU can be calculated independently as it is specified in 36.322. 
	4.5
Data available for transmission

For the purpose of MAC buffer status reporting, the UE shall consider the following as data available for transmission in the RLC layer:

-
RLC SDUs, or segments thereof, that have not yet been included in an RLC data PDU;
-
RLC data PDUs, or portions thereof, that are pending for retransmission (RLC AM).
In addition, if a STATUS PDU has been triggered and t-StatusProhibit is not running or has expired, the UE shall estimate the size of the STATUS PDU that will be transmitted in the next transmission opportunity, and consider this as data available for transmission in the RLC layer.


For buffer status reporting of Status PDU, UE estimates the size of the Status PDU depending on the next transmission both in MeNB and SeNB separately. So for RLC status PDU the BSR mechanism does not need to be changed. 

Proposal 1:  One BSR which covers the buffer sizes and one BSR which covers only the RLC Status PDU size need to be transmitted to support downlink 3C split architecture 
For the uplink split case, it would be beneficial to send the BSR to both the MeNB and SeNB. If the BSR to each eNB contains total buffer size, it would give extra robustness or diversity to the BSR information.  The SeNB receives the BSR and it shares the BSR information along with loading information to MeNB via Xn as shown in Figure 1. Sending BSR to multiple eNBs can have multiple issues. The first one is both of the eNBs can schedule uplink resources as requested from UE, UE then will have double uplink resources in a scarce resource environment. As a quick solution, eNBs can coordination before assigning the UL grants, however due to Xn interface delay, the decision can be delayed so that overall uplink user experience may suffer. This mechanism uses both MeNB and SeNB radio resources to send the BSR information.

Another alternative is UE can send separate independent BSRs. Sending separate BSRs will indicate the UE preference on which portion of the uplink data it wants to be sent to each eNB. The issue is that eNBs should decide the uplink split ratio. Therefore, asking for uplink grants with separate BSRs may create resource allocation issues as the split decision seems to move to UE. There might be other issue such as only the BSR sent to MeNB may be considered as total UL grant needed for the UE. Similarly, the BSR sent later (i.e. most recent BSR either sent to MeNB or SeNB) may be considered as the total UL grant needed for the UE. For example, if the UE has 100 bytes to send, it may ask for uplink grants from MeNB for 40 bytes and another uplink grant from SeNB for 60 bytes. If eNBs don’t exchange this separate BSR information, decision of uplink split at the eNB may consider only the uplink grant request that is sent to MeNB only.  

The third alternative is UE sends BSR to only one eNB and the eNB decides how to split uplink data and forward the BSR (which is modified) to another eNB via Xn. But with this approach, the second eNB will get the modified BSR with delay, which will impact the overall uplink performance. 
Observation 1: If uplink bearer split is supported, all the possible BSR transmission alternatives have some drawbacks. 
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Figure 1: A typical scenario of UL BSR transmission. 

3 Conclusion
In this document, we discussed buffer status reporting for different uplink UP architectures. For no uplink bearer split, one regular BSR and one BSR which covers the RLC Status PDU size can be used. However, for the uplink bearer split case, the existing BSR mechanism does not work and needs to be modified. In case of uplink UP bearer split, the modification needed to existing BSR mechanism may be complicated.
Proposal 1:  One BSR which covers the buffer sizes and one BSR which covers only the RLC Status PDU size need to be transmitted to support downlink 3C split architecture 
Observation 1: If uplink bearer split is supported, all the possible BSR transmission alternatives have some drawbacks. 
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