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1 Introduction
In the RAN2#90 meeting [1], RAN2 agreed some agreements for UL bearer split as below:

	Agreements

0:  Threshold is configured per radio bearer.
1:
PDCP is indicated by ul-DataSplitDRB-ViaSCG-r12 to which the eNB UE shall trigger BSR when PDCP data amount is less than the threshold

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

2a:
PDCP reports BS for UL bearer split towards the both eNBs when PDCP data amount is above the threshold

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.



The over-scheduling issue could occur at any time, because the data amount buffered at PDCP could change blow/above the threshold at any time and the UE could send the BSR report at any time. In this contribution, we focus on the over-scheduling issue between MeNB and SeNB for the UL bearer split.
2 Discussion
2.1 Case analysis on the over-scheduling issue

The over-scheduling issue could occur in the following cases:
Case 1: data mount buffered at PDCP changes from below_threshold to above_threshold
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Figure 1: Analysis for case 1

	Pre-conditions:

Supposing the UE has one UL split bearer connected to both MeNB and SeNB, the threshold configured by the MeNB is 1000B(Byte). The UE shall trigger BSR only to MeNB while the data amount is below 1000B. The UE shall trigger BSRs to both MAC entities while the data amount buffered at PDCP is equal to or above 1000B. Based on the semi-static coordination, 60% of the data reported by the BSR should be scheduled by the SeNB ,and 40% of the data reported by the BSR should be scheduled by the MeNB. 


Step 1: The UE has 500B data buffered at PDCP, and triggers a BSR (with 500Byte BS) to MeNB.
Step 2: The data amount accumulates at the UE up to 1500Byte. The UE triggers a BSR (with 1500Byte BS) to SeNB.

Step 3: Based on the BSR received from Step 1, as the BS value is 500Byte which is below the threshold, the MeNB sends an uplink grant for 500Byte data transmission.
Step 4: The UE sends 500Byte PDCP data to MeNB, and then reports the remaining 1000Byte data in the BSR (padding) to MeNB.
Step 5: Based on the BSR received from Step 2, as the BS value is 1500Byte which is above the threshold, the SeNB sends a grant for (900Byte = 1500*60%) data transmission.
Step 6: Based on the BSR received from Step 4, as the BS value is 1000Byte which is equal to the threshold, the SeNB sends a grant for (400Byte = 1000*40%) data transmission.
Thus, the overall grants from both MeNB and SeNB are: 500+900+400 = 1800 > 1500. Thus the over-scheduling issue occurs while the data amount buffered at PDCP changes from below_threshold to above_threshold. 

Observation 1: The over-scheduling issue would occur while the data amount buffered at PDCP changes from below_threshold to above_threshold.
Case 2: during normal data transmission procedure after double BSR reporting is triggered
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Figure 2: Analysis for Case 2
	Pre-conditions:

The pre-conditions are same as Case 1. 


Step 1: The UE has 1500Byte data buffered at PDCP, and triggers the double BSR reporting to both SeNB and MeNB. The UE firstly sends the BSR (with 1500Byte BS) to MeNB.
Step 2: After the triggering of the double BSR reporting, the UE secondly sends the BSR (with 1500Byte BS) to SeNB.
Step 3: Based on the BSR received from Step 1, as the BS value is 1500Byte which is above the threshold, the MeNB sends a grant for (600Byte = 1500*40%) data transmission.

Step 4: The UE sends 600 Byte PDCP data to MeNB, and then reports the remaining 900Byte data in the BSR (padding) to MeNB.

Step 5: Based on the BSR received from Step 2, as the BS value is 1500Byte which is above the threshold, the SeNB sends a grant for (900Byte = 1500*60%) data transmission.

Step 6: Based on the BSR received from Step 4, as the BS value is 900Byte which is below the threshold, the MeNB sends a grant for (900Byte) data transmission.

Thus, the overall grants from both MeNB and SeNB are: 600+900+900 = 2400 > 1500. Thus the over-scheduling issue occurs while the data amount buffer at PDCP changes from above_threshold to below_threshold. 

Observation 2: The over-scheduling issue would occur at normal data transmission procedure after double BSR reporting is triggered.
2.2 Necessity to solve the over-scheduling issue
For Case 1, the main factor of occurrence of over-scheduling issue is at step 2, the BS value reported to SeNB contains data amount at PDCP which have been reported to MeNB before, and which leads to repetition of grant for same UL data from SeNB. 
For Case 2, the main factor of occurrence of over-scheduling issue is at step 4, UE does not know how much grant would be allocated by another CG while the UE reports remaining PDCP data amount to a specific CG. Then repetition of report for same UL data in BSR would occur.

Thus either for Case 1 or Case 2 it may be assumed that the over-scheduling issue shall affect the usage of UL radio resources and waste UL grants. From efficiently usage of UL radio resources point of view, it seems necessary beneficial to solve the above mentioned over-scheduling issues .

Proposal 1: From efficiently usage of UL radio resources point of view, it seems beneficial to solve the above mentioned over-scheduling issues.

2.3 Solution to avoid the over-scheduling issue
For Case 1, if the BSR (below threshold) is firstly a single reporting to one MAC, the PDCP data shall be associated to this MAC entity. Thus the corresponding double BSR reporting (above threshold) to another MAC entity shall not consider the PDCP data reported before as available. This means that in Step 2 of Case 1, the BSR reported to SeNB shall only report (1500 - 500 = 1000 Byte) to SeNB. Then the SeNB will only send grant for (1000 * 60% = 600 Byte) data transmission. Thus, the overall grants from both MeNB and SeNB are: 500+600+400 = 1500.

Proposal 2: The same PDCP data reported in the single BSR reporting shall be associated to one MAC entity, and not reported again to another MAC entity upon double BSR reporting. 

For Case 2, for the double BSR reporting, both MeNB and SeNB will send the grant based on the coordinated scheduling ratio. Once the UE needs to transmit a BSR reporting, the PDCP data supposed to be sent to a MAC entity (such as SeNB in Step 2 and 5) shall be associated to this MAC entity (etc. S-MAC), and not reported again to another MAC entity (etc. M-MAC). Then in Step 4 of Case 2, the UE shall calculate the data supposed to be transmitted to S-MAC as (900Byte = 1500*60%), and not indicate the (900Byte associated to S-MAC) PDCP data as available to the M-MAC. Thus, the overall grants from both MeNB and SeNB are: 600+900 = 1500. However, in order to determine how much data are supposed to be transmitted to each MAC entity, the network needs to inform the UE the ratio of data amount which can be scheduled in SeNB/MeNB.

Proposal 3: The UE needs to know the ratio of data amount which can be scheduled in SeNB/MeNB, and associate the PDCP data to each MAC entity based on the ratio signaled by the network while triggering BSR. The same PDCP data which are reported in the double BSR reporting and associated to a MAC entity shall not be reported again to another MAC entity upon the single BSR reporting.  

3 Conclusion
According to the analysis given in section 2, we have the following Observations and Proposals:
Observation 1: The over-scheduling issue would occur while the data amount buffered at PDCP changes from below_threshold to above_threshold.
Observation 2: The over-scheduling issue would occur at normal data transmission procedure after double BSR reporting is triggered.


Proposal 1: From efficiently usage of UL radio resources point of view, it seems necessary to solve the above over-scheduling issues.
Proposal 2: The same PDCP data reported in the single BSR reporting shall be associated to one MAC entity, and not reported again to another MAC entity upon double BSR reporting.
Proposal 3: The UE needs to know the ratio of data amount which can be scheduled in SeNB/MeNB, and associate the PDCP data to each MAC entity based on the ratio signaled by the network while triggering BSR. The same PDCP data which are reported in the double BSR reporting and associated to a MAC entity shall not be reported again to another MAC entity upon the single BSR reporting.
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