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1 Introduction
In the previous RAN2 meetings , RAN2 agreed many agreements for UL bearer split which include mainly:

· Threshold is configured per radio bearer.
· 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
· PDCP reports BS for UL bearer split towards the both eNBs when PDCP data amount is above the threshold
· PDCP data indication to MAC is based on the amount of data at the time of indication
· PDCP data transmission is based on the amount of data in PDCP and the threshold at the time of UL grant reception
But there is a remaining issue to be further discussed on the scheduling coordination between MeNB and SeNB for the UL bearer split
In this contribution, we provide some observations and proposals on this issue .
2 Discussion
In general, we could have the following three ways to coordinate the UL grant for the double reporting:

· Option 1: Dynamic coordination

· Option 2: Semi-static coordination
· Option 3: Static coordination 
During the discussions of the previous RAN2 meetings, some companies have proposed dynamic coordination is not feasible, its problem is mainly that due to the non-ideal backhaul latency, the dynamically coordination would cause extra UL transmission latency which impacts the per-UE throughput of both UL and DL. Then the option should be firstly excluded. Additionally for static coordination, the scheduler may not be able to adapt to changes on channel environment and load status. Thus the system performance will be affected. Some examples in the following sections illustrate the effect of the fixed split ratio of data amount between MCG and SCG on the system performance. 
For option 2, an example of the semi-static coordination is described as follows:

· Step 1: The MeNB sends some parameters to the SeNB, e.g. threshold or split ratio detailed in the following section.

· Step 2: Based on these parameters, the SeNB can send the suitable UL grant to UE combined with the BS value reported.

To minimize the impact on the UE throughput, we consider the semi-static scheduling coordination between MCG and SCG should be used for the double reporting. 
Proposal 1: It is proposed to apply the semi-static scheduling coordination between MCG and SCG for the double reporting.
Based on the document [2], ul-DataSplitThreshold should be defined in PDCP-Config within SCG-ConfigInfo, and which can be carried in either SeNB addition procedure or SeNB modification procedure initiated by MCG. Therefore, it is natural to believe that the threshold of data amount has been supported to be transmitted from MeNB to SeNB. The detail definition of the threshold can be found in the document [3].
Observation 1:The threshold of data amount has been supported to be signaled from MeNB to SeNB. 
Additionally, for the semi-static scheduling coordination, another parameter to be coordinated is the split ratio of data amount. Informing the parameter towards SeNB is beneficial for optimization of uplink radio resources of MeNB and SeNB.
Assuming that PDCP data in UE is 10000Byte which is far bigger than the threshold (1000Byte), a double BSR reporting is triggered. Two examples below are given to analyze the effect of the performance:

· Case 1: MCG and SCG are allowed to schedule data in accordance with 80% of data amount reported by BSR; 
In this case, assuming the cell load of MCG is low, MCG can transmit a grant (10000Byte * 80% = 8000Byte) for data transmission. and assuming the cell load of SCG is heavy, SCG can only transmit a grant (e.g. 6000Byte) for data transmission. Then total grants (8000B + 6000B= 14000Byte) is 4000Byte bigger than 10000Byte, over-scheduling issue arises. Furthermore, for the SCG cell with heavy load, the 4000Byte will sacrifice the transmission data rate of other services in same SCG cell.
· Case 2: MCG and SCG are allowed to schedule data in accordance with 50% of data amount reported by BSR;
In this case, assuming the cell load of MCG is heavy, MCG can only transmit a grant (e.g. 2000Byte) for data transmission. on the other hand, although the cell load of SCG is low, limited to the allocated amount of data, the SCG can only transmit a grant ( up to 5000Byte) for data transmission. Then there is 3000Byte, which can not be scheduled, which affects the transmission delay of the data service.
Observation 2: If the split ratio of data amount between MCG and SCG can not be adjusted, system performance will be affected.
On the contrary, if MeNB is allowed to signal the split ratio of data amount to SeNB, it will be beneficial for improvement of system performance. For example, for case 1 above, the MeNB adjusts the ratio split of data amount to 20%, and signal it to the SeNB. Then SCG transmits a grant (10000Byte * 20%= 2000Byte) for data transmission. And MCG still transmit a grant (8000Byte) for data transmission, thus over scheduling issue is reduced. For  case 2 above, MeNB can adjust the ratio split of data amount to 80% and signal it to SeNB. Then SCG transmits a grant (8000Byte) and MCG still transmit a grant (2000Byte) for data transmission. Under-scheduling issue is reduced. 
Based on the above analysis, the coordination for the split ratio between MCG and SCG is advantageous for improvement of UL radio resource usage of MeNB and SeNB. 
Proposal 2: It is proposed to signal the split ratio of data amount to SeNB via X2 interface.
For the split ratio between MCG and SCG, there may be two kinds of definitions for choice,
· Option 1:  Reuse threshold to implicitly indicate the split ratio between MCG and SCG;

· Option 2:  Define a new IE in inter-node message between MCG and SCG;

Assuming that the ul-path is configured via MCG. For option 1, when double BSR is triggered, the MeNB could just send the UL grant equal to the threshold towards the UE. And the remaining UL grant, which is equal to the BS value reported minus the threshold, would be sent towards the UE by the SeNB. However, the option has a drawback, i.e. the PDCP data volume over threshold can not be shared by both CGs.
Instead, for Option 2, the PDCP data volume over threshold could be freely shared by both CGs. Although the option requires to introduce a new IE in inter-node message between MCG and SCG, but apparently it has benefit in improvement of throughput per UE. Thus we slightly prefer to adopt Option 2 as standard solution.
Proposal 3: For the split ratio of data amount, it is proposed to define a new IE in inter-node message between MCG and SCG.
For the granularity of split ratio, similar with SCG-ConfigRestrictInfo-r12 defined in SCG-ConfigInfo-r12-IEs, the parameter should be defined as percentage. According to the capability coordination discussed for Rel-12 DC, the granularity is 1%. Here we think that the same granularity can be reused for the split ratio of data amount.
Proposal 4: It is proposed to define the split ratio of data amount as percentage from 1% to 100%, with the granularity as 1%.

Final issue is how to transfer the split ratio to SCG, there may be two options for choice:

· Option 1: Define a new IE in RRC container.

· Option 2: Define a new X2AP IEs in X2 AP message

For the parameter “the split ratio of data amount”, similar with SCG-ConfigRestrictInfo-r12 defined in SCG-ConfigInfo-r12, it is proposed to introduce a new IE “ul-DataSplit-Ratio-r13” into SCG-ConfigInfo message from MeNB to SeNB.
Proposal 5: For the split ratio of data amount, it is proposed to introduce a new IE in SCG-ConfigInfo message.
3 Conclusion
According to the above analysis, we have the following observations and proposals:
Proposal 1: It is proposed to apply the semi-static scheduling coordination between MCG and SCG for the double reporting.
Observation 1:The threshold of data amount has been supported to be signaled from MeNB to SeNB.
Observation 2: If the split ratio of data amount between MCG and SCG can not be adjusted, system performance will be affected.
Proposal 2: It is proposed to signal the split ratio of data amount to SeNB via X2 interface.
Proposal 3: For the split ratio of data amount, it is proposed to define a new IE in inter-node message between MCG and SCG.
Proposal 4: It is proposed to define the split ratio of data amount as percentage from 1% to 100%, with the granularity as 1%.
Proposal 5: For the split ratio of data amount, it is proposed to introduce a new IE in SCG-ConfigInfo message.
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5 Text Proposal
From TS 36.331
5.1.1.1 –
SCG-ConfigInfo
This message is used by MeNB to request the SeNB to perform certain actions e.g. to establish, modify or release an SCG, and it may include additional information e.g. to assist the SeNB with assigning the SCG configuration.

Direction: Master eNB to secondary eNB
SCG-ConfigInfo message
-- ASN1START

SCG-ConfigInfo-r12 ::=




SEQUENCE {


criticalExtensions




CHOICE {



c1








CHOICE{




scg-ConfigInfo-r12




SCG-ConfigInfo-r12-IEs,




spare7 NULL,




spare6 NULL, spare5 NULL, spare4 NULL,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

SCG-ConfigInfo-r12-IEs ::=


SEQUENCE {


radioResourceConfigDedMCG-r12
RadioResourceConfigDedicated

OPTIONAL,

sCellToAddModListMCG-r12

SCellToAddModList-r10



OPTIONAL,


measGapConfig-r12



MeasGapConfig





OPTIONAL,

powerCoordinationInfo-r12

PowerCoordinationInfo-r12


OPTIONAL,

scg-RadioConfig-r12



SCG-ConfigPartSCG-r12



OPTIONAL,

eutra-CapabilityInfo-r12

OCTET STRING (CONTAINING UECapabilityInformation)
OPTIONAL,


scg-ConfigRestrictInfo-r12

SCG-ConfigRestrictInfo-r12


OPTIONAL,


mbmsInterestIndication-r12

OCTET STRING (CONTAINING











MBMSInterestIndication-r11)

OPTIONAL,


measResultServCellListSCG-r12
MeasResultServCellListSCG-r12

OPTIONAL,


drb-ToAddModListSCG-r12


DRB-InfoListSCG-r12




OPTIONAL,

drb-ToReleaseListSCG-r12

DRB-ToReleaseList




OPTIONAL,


sCellToAddModListSCG-r12

SCellToAddModListSCG-r12


OPTIONAL,


sCellToReleaseListSCG-r12

SCellToReleaseList-r10



OPTIONAL,

p-Max-r12






P-Max







OPTIONAL,

nonCriticalExtension


SCG-ConfigInfo-v13XY-IEs


OPTIONAL
}

DRB-InfoListSCG-r12 ::=



SEQUENCE (SIZE (1..maxDRB)) OF DRB-InfoSCG-r12
DRB-InfoSCG-r12 ::=



SEQUENCE {


eps-BearerIdentity-r12


INTEGER (0..15)



OPTIONAL,
-- Cond DRB-Setup


drb-Identity-r12



DRB-Identity,


drb-Type-r12




ENUMERATED {split, scg}

OPTIONAL,
-- Cond DRB-Setup

...
}

SCellToAddModListSCG-r12 ::=
SEQUENCE (SIZE (1..maxSCell-r10)) OF Cell-ToAddMod-r12
Cell-ToAddMod-r12 ::=



SEQUENCE {


sCellIndex-r12





SCellIndex-r10,


cellIdentification-r12



SEQUENCE {



physCellId-r12





PhysCellId,



dl-CarrierFreq-r12




ARFCN-ValueEUTRA-r9

}















OPTIONAL,
-- Cond SCellAdd


measResultCellToAdd-r12



SEQUENCE {



rsrpResult-r12





RSRP-Range,



rsrqResult-r12





RSRQ-Range


}















OPTIONAL,
-- Cond SCellAdd2

...
}

MeasResultServCellListSCG-r12 ::=
SEQUENCE (SIZE (1..maxServCell-r10)) OF MeasResultServCellSCG-r12
MeasResultServCellSCG-r12 ::=


SEQUENCE {


servCellId-r12





ServCellIndex-r10,


measResultSCell-r12




SEQUENCE {



rsrpResultSCell-r12




RSRP-Range,



rsrqResultSCell-r12




RSRQ-Range


},

...
}

SCG-ConfigRestrictInfo-r12 ::=

SEQUENCE {


maxSCH-TB-BitsDL-r12



INTEGER (1..100),


maxSCH-TB-BitsUL-r12



INTEGER (1..100)

}
SCG-ConfigInfo-v13XY-IEs::= SEQUENCE {


ul-DataSplitRatio-r13



INTEGER (1..100) 


OPTIONAL, 
-- Need ON

nonCriticalExtension



SEQUENCE {}




OPTIONAL

}
-- ASN1STOP

	SCG-ConfigInfo field descriptions

	drb-ToAddModListSCG

Includes DRBs the SeNB is requested to establish or modify (DRB type change).

	drb-ToReleaseListSCG

Includes DRBs the SeNB is requested to release.

	maxSCH-TB-BitsXL

Indicates the maximum DL-SCH/UL-SCH TB bits that may be scheduled in a TTI. Specified as a percentage of the value defined for the applicable UE category.

	measGapConfig

Includes the current measurement gap configuration.

	measResultServCellListSCG

Includes measurement results of SCG (serving) cells.

	radioResourceConfigDedMCG

Includes the current dedicated MCG radio resource configuration.

	sCellToAddModListMCG

Includes the current MCG SCell configuration.

	sCellToAddModListSCG

Includes SCG cells the SeNB is requested to establish. Measurement results may be provided for these cells.

	sCellToReleaseListSCG

Includes SCG cells the SeNB is requested to release.

	scg-RadioConfig

Includes the current dedicated SCG configuration.

	scg-ConfigRestrictInfo

Includes fields for which MeNB explictly indicates the restriction to be observed by SeNB.

	p-Max

Cell specific value i.e. as broadcast by PCell.

	ul-DataSplitRatio
Indicates the ratio value for uplink split data that may be scheduled by the receiving CG. Specified as a percentage of the value reported by double BSR


	Conditional presence
	Explanation

	DRB-Setup
	The field is mandatory present in case DRB establishment is requested; otherwise the field is not present.

	SCellAdd
	The field is mandatory present in case SCG cell establishment is requested; otherwise the field is not present.

	SCellAdd2
	The field is optional present in case SCG cell establishment is requested; otherwise the field is not present.




























































































PAGE  
1
R2-154117

