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1 Introduction

It was decided in the last RAN3 meeting that “RAN3 is continuing to work on flow control” for split bearer in Dual Connectivity operation, although no related contribution was treated. In this paper, we provide some technical background on split bearer, identify the requirements for flow control, and as well as list the possible options for flow control design.
2 Discussion
2.1 User Plane protocol architecture for split bearer in DC operation  
The radio protocol architecture for split bearer, as shown in Figure 1, has been captured in the agreed running 36.300 CR R2-140906 [1] on DC. It is obvious for split bearer the overall UP protocol architecture, as depicted in Figure 2, applies.
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Figure 1: Radio Protocol Architecture for Dual Connectivity
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Figure 2: Overall User Plane Protocol Architecture for Split Bearer in DC operation  
For the split bearers in DC operation, it can be readily observed:
Observation 1: Peer-to-peer PDCP entities only exist in MeNB and UE for a downlink radio bearer. For split bearers in DC (only support for RLC AM), PDCP sublayer functions include:

- PDCP PDU routing for transmission (i.e. in MeNB);

- PDCP PDU reordering for reception (i.e. in UE).
As captured in [1], only the RLC AM bearer can be configured for the split bearer.
Observation 2: Peer-to-peer RLC AM entities exist in SeNB and UE for a split bearer.
The X2-U interface is re-used to deliver PDCP PDUs from MeNB to SeNB for a split bearer. Note that as specified in TS36.300 [2] the X2-U interface provides non guaranteed delivery of user plane PDUs. The transport network layer is built on IP transport and GTP-U is used on top of UDP/IP to carry the user plane PDUs.
Observation 3: For a split bearer, PDCP PDUs are delivered from MeNB to SeNB over X2-U interface, which provides non guaranteed delivery using GTP tunnels.

2.2 Necessity and requirements for flow control for split bearers
It has been well discussed in [3][4][5][6] the necessity and requirements for flow control for split bearers. Based on the extensive study in RAN2, it is essential to have flow control between MeNB and SeNB of alternative 3C (bearer split) for the performance gain (per user throughput improvement) as depicted in TR 36.842 [7]. As also pointed out in [5], for split bearers the RLC AM entities (in SeNB) and the PDCP entity (in MeNB) are no longer co-located, a new mechanism is needed for providing guaranteed PDCP PDUs delivery over the X2-U interface that can only provide non guaranteed delivery of user plane PDUs.

Proposal 1: It is proposed to introduce downlink flow control function for split bearers in dual connectivity operation.

As stated in [4], sufficient information needs to be sent from SeNB to MeNB for a well working flow control mechanism. And a reliable flow control mechanism is essential, i.e. it shall not cause packet loss. On the other hand, an efficient flow control mechanism should introduce minimum signalling overhead. In terms of standardisation effort, re-using as much as possible the existing functions is always preferable.
Proposal 2: It is proposed to take into account the following requirements when designing a flow control mechanism for split bearers:
· Sufficient information needs to be sent from SeNB to MeNB for a well working flow control mechanism. 
· A reliable flow control mechanism is essential, i.e. it shall not cause packet loss. 
· An efficient flow control mechanism should introduce minimum signalling overhead. 
· In terms of standardisation effort, re-using as much as possible the existing functions is always desirable.
2.3 Flow control options for split bearers
There are several flow control options that have been proposed so far in RAN3 [3][4][5][6], as listed below:
Option 1: Resource Status Reporting

It can help MeNB with the capacity of packet transmission volume in the SeNB for a given UE in DC operation. However, it cannot fulfil the requirements for a flow control mechanism.

Option 2: HS-DSCH CAPACITY ALLOCATION Control Frame

This is a mechanism similar to UMTS procedures for flow control between RNC and Node b. However, it requires SeNB to report the capacity granted for DC at per logic channel basis, which may be too complicated due to the unnecessarily fine granularity. 

Option 3: GTP-U extension header
In this scheme, a GTP-U extension header is used to indicate a PDCP packet delivery status per bearer over X2 interface by SeNB. The PDCP packet delivery status indication is sent periodically. 

Uplink data may not always available at SeNB to send feedback information on flow control to MeNB by new GTP-U extension header. In addition GTP is out the scope of RAN3, and CT4 need to be evolved.

Option 4: New X2 messages with Up/Down/Maintain command
A new set of X2 message is to be introduced to enable SeNB indicate to MeNB if the MeNB can increase or should reduce the downlink SDU, keep the sending rate. 
To introduce new X2 message is not always preferable, and it is still questionable it can fulfil the requirements for a flow control mechanism.

Option 5: SN Status Reporting
This procedure is based on the existing X2 procedure “”SN Status Transfer”. The trigger can be event based or periodical. Reusing the existing X2 procedure is certainly desirable considering the tight schedule for Rel-12 work. With an extension of PDCP packet delivery status indication, this simple yet efficient procedure can fulfil the requirements for a flow control mechanism.
Option 6: PDCP status report between MeNB and UE [8]
For the purpose of flow control, PDCP SR could be used to share the PDCP status between the MeNB and the UE. In the case of congestion or overload in the SeNB, it is likely that the transmission delay of PDCP PDUs to the UE becomes large. When the UE detects that the transmission delay of PDCP SDUs delivery is becoming large, the UE sends PDCP SR to the MeNB.

Based on the above analysis, we propose that
Proposal 3: It is proposed to further study Option 5 and 6 as potential candidate solutions for flow control for split bearers in DC operation.
3 Conclusion
In this paper, we have provided some technical background on split bearer, identified the requirements for flow control, and as well as listed the possible options for flow control design. It has been observed that:
Observation 1: Peer-to-peer PDCP entities only exist in MeNB and UE for a downlink radio bearer. For split bearers in DC (only support for RLC AM), PDCP sublayer functions include:

- PDCP PDU routing for transmission (i.e. in MeNB);

- PDCP PDU reordering for reception (i.e. in UE).

Observation 2: Peer-to-peer RLC AM entities exist in SeNB and UE for a split bearer.

Observation 3: For a split bearer, PDCP PDUs are delivered from MeNB to SeNB over X2-U interface, which provides non guaranteed delivery using GTP tunnels.

It is therefore proposed that 

Proposal 1: It is proposed to introduce downlink flow control function for split bearers in dual connectivity operation.

Proposal 2: It is proposed to take into account the following requirements when designing a flow control mechanism for split bearers:

· Sufficient information needs to be sent from SeNB to MeNB for a well working flow control mechanism. 
· A reliable flow control mechanism is essential, i.e. it shall not cause packet loss. 
· An efficient flow control mechanism should introduce minimum signalling overhead. 
· In terms of standardisation effort, re-using as much as possible the existing functions is always desirable.
Proposal 3: It is proposed to further study Option 5 and 6 as potential candidate solutions for flow control for split bearers in DC operation.
An example CR to TS 36.423 is also provided in the Annex based on Option 5 “SN Status Reporting” for your reference.
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Annex – An example CR to TS 36.423 based on Option 5 “SN Status Reporting”  
SN STATUS TRANSFER message:

	 SN STATUS TRANSFER message: IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	… …

	E-RABs Subject To Dual Connectivity List
	
	1
	
	
	YES
	ignore

	>E-RABs Subject To Status Transfer Item
	
	1 .. <maxnoof Bearers>
	
	
	EACH
	ignore

	>>E-RAB ID
	M
	
	9.2.23
	
	–
	–

	>> Received Status of DL PDCP PDUs status over X2
	O
	
	BIT STRING  (4096)
	PDCP Sequence Number = (First Missing SDU Number + bit position) modulo 4096

0: PDCP SDU has not been received.

1: PDCP SDU has been received correctly.
	–
	–

	>> Transmitted Status of DL PDCP PDUs status over Uu
	O
	
	BIT STRING  (4096)
	PDCP Sequence Number = (First Missing SDU Number + bit position) modulo 4096

0: PDCP SDU has not been transmitted.

1: PDCP SDU has been transmitted correctly.
	–
	–

	… …
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