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1 Introduction
In the RAN2#90 meeting, the details of the BSR reporting and the UE PDCP behaviors on UL bearer split have been discussed. However, the UE behaviors on the PDCP data transmission are still unclear while the data amount buffered in PDCP changes from above threshold to below threshold, or from below threshold to above threshold. If the UE applies the agreed UE behaviors in the RAN2#90 meeting, some UL grants could be wasted. In this contribution, we give more details on the BSR of UL bearer split.
2 Discussion
The following agreements made in RAN2#90 meeting [1] are quoted below for further analysis:

	3:
PDCP transmits PDCP PDU for UL bearer split only towards the eNB indicated by ul-DataSplitDRB-ViaSCG-r12 when PDCP data amount is less than the threshold

4:
BSR triggering, Buffer Size calculation, and data transmission is aligned.
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Figure 1: UE PDCP data
Assuming the UL direction indicated by ul-DataSplitDRB-ViaSCG-r12 is towards SeNB. The threshold is "T". The PDCP buffered data is (a+b), and (a+b) > T. According to agreement 4, we could have UL grants from both MeNB and SeNB for data (a+b). If "b" is transmitted first to SeNB, we will have the remaining PDCP data "a" < T. According to agreement 3, the PDCP data “a” cannot be transmitted to the MeNB. Then the UL grant from the MeNB will be wasted. 
Observation 1: Based on the agreements from RAN2#90 meeting, UL grant loss could occur while the PDCP buffer data changes from above threshold to below threshold.
On the other hand, the agreement 4 is not clear on the UE behaviours of how to align BSR triggering, Buffer Size calculation, and data transmission. Based on the analysis given for agreement 3 and 4, we think that further clarifications should be given.
2.1 Submission of PDCP PDU to RLC
According to 36.323 [2], the UE have different behaviors on submitting PDCP PDU to RLC, for non-split bearer and split bearer without UL bearer split. 
· For non-split bearer, when to submit PDCP PDU to RLC is up to the UE implementation, as we have the one-one mapping between PDCP entity and RLC entity. 
· For split bearer without UL bearer split, the PDCP entity shall “submit the PDCP PDUs to the associated AM RLC entity”, according to the configuration from ul-DataSplitDRB-ViaSCG in the RRC message. When to transmit the PDCP PDU to the RLC entity is still up to the UE implementation. 
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Figure 2: Timeline for submitting PDCP PDUs to RLC
The legacy PDCP entity for both split and non-split bearer can submit the PDCP PDUs to RLC after t1, t2 or t3. For split bearer without UL bearer split, even through the UL grant comes from another CG which is not indicated by the ul-DataSplitDRB-ViaSCG for UL transmission due to the RLC STATUS PDU or due to UL direction change, the PDCP entity shall still not submit PDCP PDUs to the RLC entity not indicated by ul-DataSplitDRB-ViaSCG.
For UL bearer split, we need to consider the following two cases:
· Case1. PDCP buffer Y < Threshold
· Case2. PDCP buffer Y > Threshold
For Case 1, the UL grant loss issue as stated in Observation 1 could still occur. Unlike the legacy UE behaviors for split bearer without UL bearer split in which the UL grant loss only occurs at the UL direction change, the UL grant loss for UL bearer split could be more frequent, as the PDCP data amount could dynamically change between above threshold and below threshold. To avoid the UL grant loss, we should allow the UE to transmit the PDCP PDUs to both RLC entities, even though the PDCP data amount is less than the threshold. To avoid the impacts on the TCP ACK/NACK feedback at the UL, the UE by implementation can decide whether or not and which PDCP PDU can be submitted to which RLC entity. 
Proposal 1: If the PDCP data amount is less than the threshold, the PDCP entity is allowed to submit PDCP PDUs to both RLC entities, based on the received UL grant. 

For Case 2, the UE is allowed to submit PDCP PDUs to two RLC entities. Then we could have the following two options.

· Option 1: The PDCP entity is allowed to submit PDCP PDUs to both RLC entities before receiving UL grants.

· Option 2: The PDCP entity submits PDCP PDUs to RLC based on the received UL grants.
For Option 1, if the PDCP entity submits the PDCP PDUs to RLC before t3, the UE needs to know how much data can be submitted to which RLC entity, and the MeNB and the SeNB need to coordinate with each other to decide how much data should be transmitted to which eNB. This means that extra configurations in RRC messages are required. Otherwise the UE may submit any amount of PDCP PDUs to any RLC entity. Then the UL grant loss could occur as the UE may submit a small amount of data to one RLC entity, but the UL grant for this RLC entity could be large. For Option 2, the PDCP entity submits the PDCP PDUs based on the UL grant. Then the UL grant loss can be avoided.
Proposal 2: If the PDCP data amount is above threshold, the PDCP entity shall submit PDCP PDUs to RLC entities, only after receiving UL grants. 
2.2 Coordination between MeNB and SeNB
For Rel-12 split bearer without UL bearer split, the UL direction indicated by ul-DataSplitDRB-ViaSCG is configured only by the MeNB and not forwarded to the SeNB [3]. For UL bearer split, as RAN2 has agreed that the UE shall trigger double reporting while the PDCP data amount is above threshold. One may consider that a semi-static hard split for the UL scheduling is required for the double reporting. This means that both MeNB and SeNB need to know the threshold and the split ratio of UL data for double reporting.
Here we consider another way round that the MeNB can configure a slightly large value of threshold. While triggering the double reporting, the MeNB knows that the SeNB will send an UL grant for the PDCP data reported in the BSR. Then the MeNB by implementation can decide to send how much UL grant, and decide whether or not to send an UL grant, so as to avoid the over-scheduling. 
For example, assuming ul-DataSplitDRB-ViaSCG is via MCG, if the threshold value is small, the SeNB could be able to schedule the whole buffered PDCP data. Then the MeNB can decide not to send an UL grant to the UE. After transmitting data to SeNB, the remaining PDCP data will drop to below threshold, and no BSR is triggered according to the agreement of RAN2#90 meeting [1]. The subsequent data transmission can be based on the BSR (to MCG) triggered by padding or the expiry of retxBSR-Timer. If the threshold value is large, the SeNB is not able to schedule the buffered PDCP data. Then the MeNB can decide to send an UL grant to UE, and ensure that there is no over-scheduling problem by controlling the UL grant value. After transmitting data to both SeNB and MeNB, the PDCP will still have remaining data in the buffer which will finally drop to below threshold.  
Proposal 3: Based on Proposal 1 and 2, the MeNB by implementation can avoid over-scheduling of UL data transmission. No extra signaling is required for the coordination between MeNB and SeNB.
3 Conclusion
In this contribution, we discussed the detailed UE behaviours on the PDCP data transmission and the network configurations on the threshold for BSR reporting. RAN2 is kindly asked to discuss following observations and proposals:

Observation 1: Based on the agreements from RAN2#90 meeting, UL grant loss could occur while the PDCP buffer data changes from above threshold to below threshold.

Proposal 1: If the PDCP data amount is less than the threshold, the PDCP entity is allowed to submit PDCP PDUs to both RLC entities, based on the received UL grant. 

Proposal 2: If the PDCP data amount is above threshold, the PDCP entity shall submit PDCP PDUs to RLC entities, only after receiving UL grants. 

Proposal 3: Based on Proposal 1 and 2, the MeNB by implementation can avoid over-scheduling of UL data transmission. No extra signaling is required for the coordination between MeNB and SeNB.
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