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1. Introduction
In the last meeting, RAN2 agreed followings:
	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.


Also, there was the discussion on the UE’s behaviour when enables/disables UL bearer split. In this paper, we look into the detail of that case. 
2. Discussion
As for the agreed behaviour in the last meeting, the basic concept it to enable or disable UL bearer split dynamically based on the amount of the PDCP data. In [1], it was insisted that there will be a risk of over-allocation in case of disabling UL bearer split. During the last meeting, it was commented that eNB can handle this situation correctly. However, it is worth addressing to have common understanding.
The concerned cases are described below under the pre-condition that the UE shall trigger BSR only to MeNB while the data amount is below 1000B (the details of the steps are in Annex): 

NOTE: Hereafter the eNB to which UE reports BS and transmits PDCP PDU when the data amount of the PDCP is less than threshold is referred to as “indicated eNB”, otherwise as “non-indicated eNB”
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Figure 1:Case1 










Figure 2: Case 2
In both cases, the over-allocation comes from the fact that SeNB is not aware that the UL bearer split is being disabled due to the decreased amount of PDCP data. Specifically, in Case1, UL bearer split is actually disabled upon STEP4 while SeNB considers UL bearer split is still enabled based on BS (1500) in STEP2. Similarly, in Case2, UL bearer split is actually disabled upon STEP4 while SeNB considers UL bearer split is still enabled based on BS (1500) in STEP2. In other words, it can be said that this over-allocation occurs due to that SeNB (“non-indicated eNB”) allocates UL resources aggressively even though the amount of PDCP data is being reduced just above the threshold. 
Observation1: The aggressive resource allocation from “non-indicated eNB” will cause the over-allocation. 

Therefore, the discussion point is whether “non-indicated eNB” can be aware of the BS or not.

For simplicity, we assume the situation where only a split bearer is configured for the UE. In this case, we think that the over-allocation can be avoided in both situations in figure1/2. 
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Figure 3:Case1 










Figure 4: Case 2
In Case1 in Fig.3, SeNB receives BS (1500 B) from the UE, but will not be provide the UL grant. This is because the amount of data is not so large compared to the threshold and it can be assumed that the data amount of PDCP data will easily fall below the threshold. In Case2 in Fig.4, SeNB receives BS (1500 B) from the UE, but will not be provide the UL grant as well for the same reason.  From these reasons, NW can avoid over-allocation if the additional resources from “non-indicated eNB” are provided only when the amount of the data is so large compared to the threshold. 
Observation2: NW can avoid over-allocation if the additional resources from “non-indicated eNB” are provided only when the amount of the data is so large compared to the threshold. 

On the other hand, there may be the case that each eNB cannot know the BS correctly. Specifically, during the last meeting, it was commented that we need to consider the case that multiple bearers which may have different priority. Let us assume following case:

[image: image5]
Figure.5
UE is configured with MCG bearer and Split bearer. MeNB is “non-indicated eNB” and SeNB is “indicated eNB” for split bearer (dash line is the additional path for the split bearer). In this case, MeNB may not be able to calculate BS correctly.  If UE reports BS of the both bearers to MeNB in the same LCG, MeNB cannot distinguish the data and over-allocation may incur. However, this case can be handled by configuring the different LCG for MCG bearer and split bearer. It should be noted that the same situation may happen in case that 2 split bearers are configured and each bearer is configured with different eNB as “indicated eNB”.
Observation3: NW may configure the different LCG to know the BS of each LCH.
However, there will be the case that eNB cannot know how much data are buffered for each LCH even with “separate LCG approach”. Let us assume following cases using the figure5.
MCG bearer has lower priority than split bearer
0) New PDCP data arrives for the split bearer and MCG bearer and the amount of PDCP data in split bearer is less than Threshold (UL bearer split is disabled)

1) MeNB schedules MCG bearer and SeNB schedules Split bearer. 

2) The amount of PDCP data in split bearer exceeds threshold (UL bearer split is enabled) and reports BS towards MeNB. Here, the amount of the PDCP data is not so large compared to threshold.
3) MeNB provides the UL grant even while MeNB actually would not like to schedule for the split bearer to avoid over-allocation as discussed previously. MeNB does not have the choice other than that since the data transmission of MCG bearer will be delayed otherwise. 
4) UE transmits data for split bearer and then UL bearer split is disabled. 
5) SeNB provides the UL grant based on the BS in SeNB.

Since SeNB is not aware of that the part of the data for the split bearer has already been scheduled by MeNB, consequently, over-allocation may happen. Nevertheless, this case can be also handled by the existing mechanism and under the assumption that threshold is sufficiently large. When the threshold is very large, UE still has the data for split bearer even after STEP5 above and following STEPs are expected:
6) MeNB keeps providing the UL grant for the remaining data of split bearer.

7) UE transmits data and triggers BSR toward MeNB somehow, e.g., periodic BSR

8) Based on the BSR, SeNB updates BS in SeNB and can be aware of that part of the data has been already scheduled by MeNB. 
Observation4: NW can avoid over-allocation even in case of multi-bearers with different priority by the existing mechanism and under the assumption that threshold is sufficiently large.
From the analysis, we propose to rely on NW handling on how to avoid over-allocation. 
Proposal: Rely on NW handling on how to avoid over-allocation.
3. Summary and proposal
This paper investigated the details of the over-allocation problem for UL bearer split. In conclusion, the followings were observed and proposed:
Observation1: The aggressive resource allocation from“non-indicated eNB” will cause the over-allocation. 

Observation2: NW can avoid over-allocation if the additional resources from “non-indicated eNB” are provided only when the amount of the data is so large compared to the threshold.
Observation3: NW may configure the different LCG to know the BS of each LCH.
Observation4: NW can avoid over-allocation even in case of multi-bearers with different priority by the existing mechanism and under the assumption that threshold is sufficiently large.
Proposal: Rely on NW handling on how to avoid over-allocation.

4. Reference
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R2-152266, “Double grant issue on semi-static scheduling coordination for double reporting”, CATT

5. Annex

Case1) 
	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, the MeNB informs the SeNB that 60% data should be scheduled by the SeNB while the UE triggers the double BSR reporting. This means that the MeNB should schedule 40% of the data reported by the BSR, in order to avoid double grants for the same PDCP data reported to both MeNB and SeNB. 


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 the double reporting to both SeNB and MeNB, and firstly reports 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 500 Byte 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.
Case2
	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.
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