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1.	Introduction
At the RAN2#90 meeting, many agreements were made for the UL split bearers, as follows.
	
Case1. Empty buffer, PDCP SDU (X) arrives, X < Th
=>	S-MAC triggers BSR
=>	PDCP indicates X to S-MAC
=>	For BS calculation in S-MAC, X is reported.
=>	For BS calculation in M-MAC, 0 is reported.

Case2. Empty buffer, PDCP SDU (X) arrives, X > Th
=>	M-MAC and S-MAC triggers BSR
=>	PDCP indicates X to both M-MAC and S-MAC
=>	For BS calculation in S-MAC, X is reported.
=>	For BS calculation in M-MAC, X is reported.

Case3. PDCP buffer Y < Th, PDCP SDU (X) arrives, X + Y < Th
=>	no BSR trigger

Case4. PDCP buffer Y < Th, PDCP SDU (X) arrives, X + Y > Th
=>	M-MAC triggers BSR
=>	PDCP indicates X+Y to M-MAC

Case5. PDCP buffer Y > TH, PDCP SDU (X) arrives, X + Y > Th
=>	no BSR trigger

Case6. PDCP buffer Y > TH, PDCP buffer becomes X < Th
=>	no BSR trigger


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.




However, after studying deeply into the BSR operation based on the agreements, we found that the agreement #3 and #4 are contradicting in some cases. In this document, we address this issue.

2.	BSR and PDCP data transmission
Let’s take an example shown in Figure 1. In this figure, it is assumed that ul-DataSplitDRB-ViaSCG is set to TRUE, and the threshold TH is set to 700 bytes. (DATP = data available for transmission in PDCP)


Figure 1. Example of PDCP data transmission in UL split bearer

0. At t=0, there is no data in PDCP buffer
1. At t=1, the PDCP entity receives PDCP SDU1 with 500 bytes from the upper layer. As DATP=500 is less than the TH, the SCG MAC entity transmits BSR to the SeNB to indicate that BS=500.
2. At t=2, the PDCP entity receives PDCP SDU2 with 300 bytes from the upper layer. As DATP=800 is above the TH, the MCG MAC entity transmits BSR to the SeNB to indicate that BS=800.
3. At t=3, the PDCP entity receives PDCP SDU3 with 200 bytes from the upper layer. There is no BSR trigger in both MAC entities. The SCG MAC entity receives UL grant with 500 bytes from the SeNB.
4. At t=4, the PDCP entity transmits PDCP SDU1 to the SeNB via SCG MAC entity using the UL grant received from the SeNB. The DATP becomes 500 which is less than the TH as PDCP SDU1 is transmitted.
5. At t=5, the MCG MAC entity receives UL grant with 800 bytes from the MeNB. 
6. At t=6, what does the UE transmit on UL grant received from the MeNB?

At t=6 where DATP < TH, three UE behaviour options can be considered:
	- 	Option 1: UE does not transmit anything to the MeNB
		-	Aligned with Agreement #3, but not aligned with Agreement #4.
		-	Data transmission path is depending on current buffer status.
		-	The UE does not transmit the SDU2 to the MeNB to which the BSR was transmitted before, and therefore the UL grant received from the MeNB would be wasted (filled with padding)
	-	Option 2: UE transmits the SDU to the MeNB even if the DATP is less than the TH if it was reported to the MeNB before
		-	Aligned with Agreement #4, but not aligned with Agreement #3.
		-	Data transmission path is not depending on current buffer status, but depending on whether it has been reported before.
	-	Option3: UE transmits all the available SDUs even if they were not reported to the MeNB
		-	Not aligned with any of the Agreements #3 and #4.
		-	Threshold is not used for deciding data transmission path.
		-	If the UL grant was requested by other MCG bearers, the transmission of other MCG bearers would be delayed. Moreover, the SDU of UL split bearer may already request UL grant from the SeNB, in which case the UL grant received from the SeNB would be wasted (as explained in section 2 of [1]).

Among three options, we think the Option 1 is the worst because the UE may only request UL grant but not utilizing the received UL grant. It increases signalling overhead and also increases radio resource wastage. If the amount of PDCP data is hanging around the threshold, the problem becomes more severe.
The Option 3 has also problem of radio resource wastage as already explained above.
Therefore, we think the Option 2 is the most preferable UE behaviour for UL split bearer. The radio resource wastage would be minimized with this option. Moreover, this behaviour is aligned with basic principle that “data is transmitted to the eNB to which BSR is reported”. 
The Option 2 can be achieved by allowing exceptional case for Agreement #3. Thus, we propose to have another agreement for Agreement #3 as shown below.
Proposal: When PDCP data amount is less than the threshold, PDCP is allowed to transmit PDCP PDU for UL bearer split towards the eNB not indicated by ul-DataSplitDRB-ViaSCG-r12 if the amount of PDCP PDU has been reported to the eNB.

3.	Proposal
For PDCP data transmission in UL split bearer, we have following proposals:
Proposal: When PDCP data amount is less than the threshold, PDCP is allowed to transmit PDCP PDU for UL bearer split towards the eNB not indicated by ul-DataSplitDRB-ViaSCG-r12 if the amount of PDCP PDU has been reported to the eNB.
A text proposal to TS36.323 is attached below.
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-----------------------------------------------------------------------------------------------------------------------
Text Proposal to TS36.323

[bookmark: _Toc422242302]4.2.2	PDCP entities
The PDCP entities are located in the PDCP sublayer. Several PDCP entities may be defined for a UE. Each PDCP entity carrying user plane data may be configured to use header compression.
Each PDCP entity is carrying the data of one radio bearer. In this version of the specification, only the robust header compression protocol (ROHC), is supported. Every PDCP entity uses at most one ROHC compressor instance and at most one ROHC decompressor instance.
A PDCP entity is associated either to the control plane or the user plane depending on which radio bearer it is carrying data for.
Figure 4.2.2.1 represents the functional view of the PDCP entity for the PDCP sublayer; it should not restrict implementation. The figure is based on the radio interface protocol architecture defined in [2].
For RNs, integrity protection and verification are also performed for the u-plane.
For split bearers, routing is performed in the transmitting PDCP entity, and reordering is performed in the receiving PDCP entity. When submitting PDCP PDUs to lower layers, the transmitting PDCP entity shall:
-	if Threshold is configured and the data available for transmission is larger than (or equal to) Threshold, or;
-	if data available for transmission for the PDCP PDUs has been included in the BSR of both the MAC entity configured for SCG and the MAC entity configured for MCG:
-	submit the PDCP PDUs to either the associated AM RLC entity configured for SCG or the associated AM RLC entity configured for MCG;
-	else:
-	if ul-DataSplitDRB-ViaSCG is set to TRUE by upper layers [3]:
-	submit the PDCP PDUs to the associated AM RLC entity configured for SCG;
-	else:
-	submit the PDCP PDUs to the associated AM RLC entity configured for MCG.
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