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1
Introduction

At the RAN3#84 meeting, the details of flow control mechanism was discussed. However, there are still some open issues. Protocol selection and X2 packet loss handling are discussed in another contribution [1]. This contribution discusses the following open issues and proposes TP to X2AP stage 3 running CR [2].
· Open issue #1: Whether indication of feedback frequency is SeNB’s implementation matter or configurable by MeNB
· Open issue #2: Whether buffer size indication is per UE or per bearer
· Open issue #3: Whether final indication during split bearer released from the SeNB is the same protocol as flow control or an X2AP
2
Discussion
Open issue #1: Whether indication of feedback frequency is SeNB’s implementation matter or configurable by MeNB

Periodical feedback should be used for MeNB to recognise the indication. In theory the SeNB knows best when to send available SeNB buffer size according to the status of the air interface and the buffer status at SeNB side. Therefore in principle there might not be the need for MeNB to indicate the periodicity. However, practical deployments of dual connectivity with split bearer option might also benefit from the possibility for the MeNB to configure a certain flow control periodicity. Therefore, MeNB may request the preferable frequency in SeNB Addition Request and SeNB Modification Request.

Proposal 1: MeNB may request the frequency in SeNB Addition Request and MeNB Modification Request.

Open issue #2: Whether buffer size indication is per UE or per bearer
As possible alternatives, the SeNB indicates available SeNB buffer size either per UE or per bearer. Since the SeNB has no knowledge about the MeNB’s buffer status, it is counterproductive if the SeNB indicates buffer size for granularities below UE level, e.g. the SeNB may indicate available SeNB buffer size for bearer-X but the MeNB may currently have no data present for bearer-X while plenty of data would be available for bearer-Y. This example makes clear that sending further information from MeNB to SeNB (e.g. MeNB buffer state) would be beneficial to minimize such scenarios. However, we think that the flow control mechanism can be simpler and unnecessary duplications of RRM functionality can be avoided by the SeNB to just report how many bytes it can handle for a particular UE, whereupon the RRM/QoS decision is made by MeNB with regards to from which bearer to transmit data.
Proposal 2: The available SeNB buffer size should be informed based on UE level. It is the MeNB’s decision on which bearer data packets are sent to.
Open issue #3: Whether final indication during split bearer released from the SeNB is the same protocol as flow control or an X2AP

The indication over X2 of PDCP PDUs successfully delivered via SeNB should be triggered when the SeNB branch of a split bearer is about to be released. Since feedback of delivery status is provided over UDP, it seems preferable to signal the indication over X2-AP message for its reliable delivery rather than end marker within X2 user plane.

Proposal 3: When SeNB branch of a split bearer is about to be released, an indication of PDCP PDUs successfully delivered via SeNB is signalled over X2-AP message.
Proposal 4:
It is proposed to agree on the TP to X2AP stage 3 running CR [2]. 

3
Text Proposal to stage 3 (X2AP)
Beginning of Text Proposal
8.x.3
MeNB initiated SeNB Modification Preparation

8.x.3.2
Successful Operation

For split bearer, if DRB is released SeNB shall include the PDCP DL SDU number IE and Receive Status Of DL PDCP SDUs IE in SENB MODIFICATION REQUEST ACKNOWLEDGE message.
Next Text Proposal
8.x.4
SeNB initiated SeNB Modification
8.x.4.2
Successful Operation
For split bearer, if DRB is released SeNB shall include the PDCP DL SDU number IE and Receive Status Of DL PDCP SDUs IE in SENB MODIFICATION REQUEST ACKNOWLEDGE message.

Next Text Proposal
8.x.5

MeNB initiated SeNB Release
8.x.5.2
Successful Operation
For split bearer, if DRB is released SeNB shall include the PDCP DL SDU number IE and Receive Status Of DL PDCP SDUs IE in SENB RELEASE REQUEST ACKNOWLEDGE message.

Next Text Proposal
8.x.6
SeNB initiated SeNB Release
8.x.6.2
Successful Operation
For split bearer, if DRB is released SeNB shall include the PDCP DL SDU number IE and Receive Status Of DL PDCP SDUs IE in SENB RELEASE REQUIRED message.

Next Text Proposal
9.1.x.1
SENB ADDITION REQUEST
This message is sent by the MeNB to the SeNB to request the preparation of resources for dual connectivity operation for a specific UE
Direction: MeNB ( SeNB.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	MeNB eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the MeNB
	YES
	reject

	UE Security Capabilities
	C-

ifSCGBearerOption
	
	9.2.29
	
	YES
	reject

	AS Security Information for DC
	C-

ifSCGBearerOption
	
	9.2.xx
	FFS
	YES
	reject

	SeNB UE Aggregate Maximum Bit Rate
	C-

ifSCGBearerOption (FFS for the split bearer option)
	
	UE Aggregate Maximum Bit Rate 
9.2.12
	The UE Aggregate Maximum Bitrate is spited into MeNB  UE Aggregate Maximum Bit Rate and SeNB  UE Aggregate Maximum Bit Rate which are enforced by MeNB and SeNB respectively.
	YES
	reject

	E-RABs To Be Added List
	
	1
	
	
	–
	–

	>E-RABs To Be Added Item
	
	1 .. <maxnoof Bearers>
	
	
	EACH
	reject

	>>CHOICE Bearer Option
	M
	
	
	
	
	

	>>>SCG Bearer
	
	
	
	
	
	

	>>>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>>>E-RAB Level QoS Parameters
	M
	
	9.2.9
	Includes necessary QoS parameters
	–
	–

	>>>>DL Forwarding 
	O
	
	9.2.5
	
	–
	–

	>>>>S1 UL GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint 9.2.1
	SGW endpoint of the S1 transport bearer. For delivery of UL PDUs.
	–
	–

	>>>Split Bearer
	
	
	
	
	
	

	>>>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>>>E-RAB Level QoS Parameters
	M
	
	9.2.9
	Includes necessary QoS parameters
	–
	–

	>>>>MeNB GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint 9.2.1
	MeNB endpoint of the X2 transport bearer. For delivery of UL PDUs.
	–
	–

	>>>>Feedback Periodicity
	O
	
	9.2.x1
	
	–
	–

	MeNB to SeNB Container
	M
	
	OCTET STRING
	Includes the necessary RRC Information as specified for DC operation in TS 36.331 [9]
	YES
	reject


Next Text Proposal
9.1.x.5
SENB MODIFICATION REQUEST

This message is sent by the MeNB to the SeNB to request the preparation to modify SeNB resources for a specific UE.

Direction: MeNB ( SeNB.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	MeNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the MeNB
	YES
	reject

	SeNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the SeNB
	YES
	reject

	Cause
	M
	
	9.2.6
	
	YES
	ignore

	UE Context Information
	
	1
	
	
	YES
	reject

	>UE Security Capabilities
	O
	
	9.2.29
	
	–
	–

	>AS Security Information for DC
	O
	
	9.2.xx
	
	–
	–

	> SeNB UE Aggregate Maximum Bit Rate
	O
	
	UE Aggregate Maximum Bit Rate
9.2.12
	To be included if non-GBR E-RABs configured with the SCG bearer option
	–
	–

	>E-RABs To Be Added List
	
	0..1
	
	
	–
	–

	>>E-RABs To Be Added Item
	
	1 .. <maxnoof Bearers>
	
	
	EACH
	ignore

	>>>CHOICE Bearer Option
	M
	
	
	
	
	

	>>>>SCG Bearer
	
	
	
	
	
	

	>>>>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>>>>E-RAB Level QoS Parameters
	M
	
	9.2.9
	Includes necessary QoS parameters
	–
	–

	>>>>>DL Forwarding 
	O
	
	9.2.5
	
	–
	–

	>>>>>S1 UL GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint 9.2.1
	SGW endpoint of the S1 transport bearer. For delivery of UL PDUs.
	–
	–

	>>>>Split Bearer
	
	
	
	
	
	

	>>>>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>>>>E-RAB Level QoS Parameters
	M
	
	9.2.9
	Includes necessary QoS parameters
	–
	–

	>>>>>MeNB GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint 9.2.1
	MeNB endpoint of the X2 transport bearer. For delivery of UL PDUs.
	–
	–

	>>>>>Feedback Periodicity
	O
	
	9.2.x1
	
	–
	–

	>E-RABs To Be Modified List
	
	0..1
	
	
	–
	–

	>>E-RABs To Be Modified Item
	
	1 .. <maxnoof Bearers>
	
	
	EACH
	ignore

	>>>CHOICE Bearer Option
	M
	
	
	
	
	

	>>>>SCG Bearer
	
	
	
	
	
	

	>>>>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>>>>E-RAB Level QoS Parameters
	O
	
	9.2.9
	Includes QoS parameters to be modified
	–
	–

	>>>>>S1 UL GTP Tunnel Endpoint
	O
	
	GTP Tunnel Endpoint 9.2.1
	SGW endpoint of the S1 transport bearer. For delivery of UL PDUs.
	–
	–

	>>>>Split Bearer
	
	
	
	
	
	

	>>>>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>>>>E-RAB Level QoS Parameters
	O
	
	9.2.9
	Includes QoS parameters to be modified
	–
	–

	>>>>>MeNB GTP Tunnel Endpoint
	O
	
	GTP Tunnel Endpoint 9.2.1
	MeNB endpoint of the X2 transport bearer. For delivery of UL PDUs.
	–
	–

	>E-RABs To Be Released List
	
	0..1
	
	
	–
	–

	>>E-RABs To Be Released Item
	
	1 .. <maxnoof Bearers>
	
	
	EACH
	ignore

	>>>CHOICE Bearer Option
	M
	
	
	
	
	

	>>>>SCG Bearer
	
	
	
	
	
	

	>>>>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>>>>DL Forwarding GTP Tunnel Endpoint
	O
	
	GTP Tunnel Endpoint 9.2.1
	Identifies the X2 transport bearer used for forwarding of DL PDUs
	–
	–

	>>>>>UL Forwarding GTP Tunnel Endpoint
	O
	
	GTP Tunnel Endpoint 9.2.1
	Identifies the X2 transport bearer. used for forwarding of UL PDUs
	–
	–

	>>>>Split Bearer
	
	
	
	
	
	

	>>>>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	MeNB to SeNB Container
	O
	
	OCTET STRING
	Includes the necessary RRC Information as specified for DC operation in TS 36.331 [9]
	YES
	ignore


Next Text Proposal
9.1.x.6
SENB MODIFICATION REQUEST ACKNOWLEDGE

This message is sent by the SeNB to confirm the MeNB’s request to modify the SeNB resources for a specific UE.

Direction: SeNB ( MeNB.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	MeNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the MeNB
	YES
	ignore

	SeNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the SeNB
	YES
	ignore

	E-RABs Admitted List
	
	1
	
	
	YES
	ignore

	>E-RABs Admitted to Be Added List
	
	1
	
	
	–
	–

	>>E-RABs Admitted to Be Added Item
	
	1 .. <maxnoof Bearers>
	
	
	EACH
	ignore

	>>>CHOICE Bearer Option
	M
	
	
	
	
	

	>>>>SCG Bearer
	
	
	
	
	
	

	>>>>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>>>>S1 DL GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint 9.2.1
	SeNB endpoint of the S1 transport bearer. For delivery of DL PDUs.
	–
	–

	>>>>>DL Forwarding GTP Tunnel Endpoint
	O
	
	GTP Tunnel Endpoint 9.2.1
	Identifies the X2 transport bearer used for forwarding of DL PDUs
	–
	–

	>>>>> UL Forwarding GTP Tunnel Endpoint
	O
	
	GTP Tunnel Endpoint 9.2.1
	Identifies the X2 transport bearer used for forwarding of UL PDUs
	–
	–

	>>>>Split Bearer
	
	
	
	
	
	

	>>>>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>>>>SeNB GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint 9.2.1
	Endpoint of the X2 transport bearer at the SeNB.
	–
	–

	>E-RABs Admitted To Be Modified List
	
	1
	
	
	–
	–

	>>E-RABs Admitted To Be Modified Item
	
	1 .. <maxnoof Bearers>
	
	
	EACH
	ignore

	>>>CHOICE Bearer Option
	M
	
	
	
	
	

	>>>>SCG Bearer
	
	
	
	
	
	

	>>>>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>>>>S1 DL GTP Tunnel Endpoint
	O
	
	GTP Tunnel Endpoint 9.2.1
	SeNB endpoint of the S1 transport bearer. For delivery of DL PDUs.
	–
	–

	>>>>Split Bearer
	
	
	
	
	
	

	>>>>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>>>>SeNB GTP Tunnel Endpoint
	O
	
	GTP Tunnel Endpoint 9.2.1
	Endpoint of the X2 transport bearer at the SeNB.
	–
	–

	>E-RABs Admitted To Be Released List
	
	1
	
	
	–
	–

	>>E-RABs Admitted To Be Released Item
	
	1 .. <maxnoof Bearers>
	
	
	EACH
	ignore

	>>>CHOICE Bearer Option
	M
	
	
	
	
	

	>>>>SCG Bearer
	
	
	
	
	
	

	>>>>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>>>Split Bearer
	
	
	
	
	
	

	>>>>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>>>>PDCP Delivery Status
	M
	
	9.2.x2
	
	–
	–

	E-RABs Not Admitted List
	O
	
	E-RAB List

9.2.28
	A value for E-RAB ID shall only be present once  in E-RABs Admitted List IE and in E-RABs Not Admitted List IE.
	YES
	ignore

	SeNB to MeNB Container
	O
	
	OCTET STRING
	Includes the necessary RRC Information as specified for DC operation in TS 36.331 [9]
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.7
	
	YES
	ignore


Next Text Proposal
9.1.x.y
SENB RELEASE REQUEST ACKNOWLEDGE
This message is sent by the SeNB to confirm the MeNB’s request to release the SeNB resources for a specific UE.

Direction: SeNB ( MeNB.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	MeNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the MeNB
	YES
	ignore

	SeNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the SeNB
	YES
	ignore

	Cause
	M
	
	9.2.6
	
	YES
	ignore

	E-RABs Admitted List
	
	1
	
	
	YES
	ignore

	>E-RABs Admitted To Be Released List
	
	1
	
	
	–
	–

	>>E-RABs Admitted To Be Released Item
	
	1 .. <maxnoof Bearers>
	
	
	EACH
	ignore

	>>>CHOICE Bearer Option
	M
	
	
	
	
	

	>>>>Split Bearer
	
	
	
	
	
	

	>>>>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>>>>PDCP Delivery Status
	M
	
	9.2.x2
	
	–
	–


	Range bound
	Explanation

	maxnoofBearers
	Maximum no. of E-RABs. Value is 256


Next Text Proposal
9.1.x.12
SENB RELEASE REQUIRED
This message is sent by the SeNB to request the release of all resources for a specific UE at the SeNB.

Direction: SeNB ( MeNB.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	MeNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the MeNB
	YES
	reject

	SeNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the SeNB
	YES
	reject

	Cause
	M
	
	9.2.6
	
	YES
	ignore

	E-RABs Admitted List
	
	0..1
	
	
	–
	–

	>E-RABs Admitted To Be Released List
	
	0..1
	
	
	–
	–

	>>E-RABs Admitted To Be Released Item
	
	1 .. <maxnoof Bearers>
	
	
	EACH
	ignore

	>>>CHOICE Bearer Option
	M
	
	
	
	
	

	>>>>Split Bearer
	
	
	
	
	
	

	>>>>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>>>>>PDCP Delivery Status
	M
	
	9.2.x2
	
	–
	–


	Range bound
	Explanation

	maxnoofBearers
	Maximum no. of E-RABs. Value is 256


Next Text Proposal
9.2.x1
Feedback Periodicity
The Feedback Periodicity contains information about a preferable timer of feedback indication from the other eNB.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Feedback Periodicity
	M
	
	INTEGER (1..1000)
	The feedback timer of feedback indication in ms order, requested by eNB to the other eNB.
	-
	-


9.2.x2
PDCP Delivery Status
The PDCP Delivery Status IE is used to inform MeNB of the DL PDCP SDUs successfully delivered via SeNB to the UE when the SeNB branch of a split bearer is about to be released in Dual Connectivity.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	DL SDU number
	M
	
	BIT STRING (15)
	Highest PDCP-SN of the DL SDUs received correctly from SeNB. If the SN length is shorter than 15 bits, the first bits shall be set to zero

	Receive Status Of DL PDCP SDUs 
	M
	
	BIT STRING (1..16384)
	The first bit indicates the status of the SDU before the highest-numbered DL SDU received correctly from SeNB.
The Nth bit indicates the status of the DL PDCP SDU in position (Highest Received SDU Number - N) modulo (1 + the maximum value of the PDCP-SN).
0: PDCP SDU has not been received from SeNB.
1: PDCP SDU has been received correctly from SeNB.


End of Text Proposal
4
Conclusions
Proposal 1: MeNB may request the frequency in SeNB Addition Request and MeNB Modification Request.

Proposal 2: The available SeNB buffer size should be informed based on UE level. It is the MeNB’s decision on which bearer data packets are sent to.
Proposal 3: When SeNB branch of a split bearer is about to be released, an indication of PDCP PDUs successfully delivered via SeNB is signalled over X2-AP message.
Proposal 4:
It is proposed to agree on the TP to X2AP stage 3 running CR [2]. 
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