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1 Introduction

Following the LS from RAN2 in [1] RAN3 is to make some design decisions on the flow control for the DC split bearer case (option 3C). RAN2 says in [1]:
RAN2 did not discuss further flow control but considered that it can be discussed by RAN3.

The following agreements were already made at RAN3#83bis:

· Feedback of PDCP PDUs successfully or failed transmitted to the UE necessary, PDCP SN based (assume PDCP SN Available at SeNB as example PDCP SN forwarded in GTP-U header in each packet or eNB can look the PDCP header)

· DL flow control

· Constant feedback
· Feedback of acceptable buffer size 

· WA the feedback be provided on U-Plane

At the same time the following remaining open issues were noted:

· Frequency of feedback? Implementation dependent or specification?


· Details of feedback of possible buffer size.. is FFS
· Does the SeNB need to be configured with a “deliver timer” in accordance to the re-ordering timer at the MeNB?

· Shall the feedback of possible buffer size/data request be performed on bearer-level or UE-level?

· how to provide feedback of successfully delivered PDCP PDUs? (explicit per PDU / implicit indicating lower window / …)

· if the feedback is provided on U-plane, shall this be done in a new frame protocol or on GTP-U?
· Does LS to CT4 is needed?
This paper intends to progress and to make decisions on the main open issues.
2 Description 

At RAN3#83bis, two components of flow control have been discussed and agreed:
· Providing a constant feedback of successfully/failed delivered PDCP PDUs to the UE from SeNB to MeNB

·  Providing a constant feedback of queue buffer size from SeNB to MeNB

How to provide feedback of successfully delivred PDCP PDUs? 
During the study item phase the data loss over X2 interface and its impact was heavily discussed. In the split bearer option it was recognized that some loss could happen if some congestion occurs on the interface. However, like for any other interface this is a matter of proper dimensioning and standards would not address that aspect. Therefore there is no need to report back from SeNB to MeNB to exact bitmap of successfully delievred/failed PDCP PDUs for the packet loss. PDCP PDU SNs are also used for reordering function but this new function is performed in the PDCP layer of the UE and therefore not involved in the feedback mechanism.The only purpose of the feedback of PDCP SNs is therefore to avoid a wrap around of the PDCP SN at the modulo. For example, MeNB should make sure to not send again a PDCP SN equals to 2 if PDCP SN equals 2 of previous modulo is still “in the pipe” towards the UE. This doesn’t necessarily mean that the previous PDCP SN equals 2 was successfully received at the UE, nor that all PDCP PDUs in-between have been received by the UE. Therefore, what matters is only the lower window. 
Observation 1: there is no need to feedback the status of all successfully/failed delivered PDCP PDUs to the UE at the constant time interval, but only the lower window can be signalled for that bearer.
NOTE: this observation however doesn’t account for the case where the split bearer is reconfigured to an MCG bearer. This aspect has not yet been concluded by RAN2. In case RAN2 wants to avoid the solution of the UE status report then a bitmap might be anyway needed from SeNB to MeNB which could challenge back observation 1.

Feedback of the buffer size per bearer or per UE?
Another open issue for the flow control is whether the buffer size should be reported per E-RAB or per UE (i.e. all E-RABs). Our view is that a per E-RAB reporting would offer a better granularity, control and end user experience. For example, it should remain SeNB choice whether to speed up some E-RABs while slowing down some others because the SeNB remains the master of RRM in the SeNB cell. If the SeNB reports a global UE buffer requesting an overall decrease while several E-RABs are involved, MeNB could not determine if one bearer should be increased and another decreased i.e. the best distribution among E-RABs.

Observation 2: feedback of buffer size per bearer would offer a better granularity and RRM control for the SeNB of its own cells.   
Frequency of feedback?
The frequency of feedback could be either implementation depdendent or part of the specification. We note that this feedback is relevant per bearer and would need a mutual understandign between the two nodes? Therefore we propose that the MeNB indicates the requested feedback interval at the time of bearer offload (SeNB Addition of MeNB triggered Modification).

Observation 3: the frequency of feedback can be requested by the MeNB at the time of bearer offload.

Protocol choice for the feedback mechanism?
Several options were discussed to provide the PDCP PDUs SN and Buffer size feedbacks at last RAN3#83bis. In total one could think of four opssible options:
· (1) use of control plane X2AP

· (2) piggyback the feedback in GTP-U extension header of UL packets

· (3) create a new specific GTP-U message type as new “GTP-U control frame”
· (4) introduce a new frame protocol over X2

The advantage of (1) is a straight association of the feedback message with the E-RAB context and therefore the DL flow the feedback refers to. However the periodicity of the needed feedback introduces too severe constraints on X2AP and (1) was already (almost) eliminated at RAN3#83bis.
(2) is certainly the most efficient but has some drawbacks. Indeed the status of UL traffic for the split beaer option is still uncertain and it might be so that there is no UL traffic over X2 corresponding to the DL traffic e.g. MCG DRB used in UL. Another drawback is breaking the principle of stateless routing of GTP-U packets whereby the UL GTP-U tunnel can be independent of the DL GTP-U tunnel and not even terminate on the same board.  

(3) and (4) have similarities in the sense that they don’t break principles (they are “cleaner” protocolwise) by allowing specifc control frames on the user plane which could carry in an indepdendent manner all the material allowing identification of the E-RAB they provide feedback to. Between these two valid options (4) has the additional advantage to stay RAN confined i.e. touching GTP-U with new message type would involve CT4 and all interfaces using GTP-U.
Observation 4: introducing a specific frame protocol for the split bearer option seems the cleanest option protocolwise.
3 Conclusion and Proposal
This paper has analysed the main remaining open points of the flow control and made the following observations:

Observation 1: there is no need to feedback the status of all successfully/failed delivered PDCP PDUs to the UE at the constant time interval, but only the lower window can be signalled for that bearer.

Observation 2: feedback of buffer size per bearer would offer a better granularity and RRM control for the SeNB of its own cells.   

Observation 3: the frequency of feedback can be requested by the MeNB at the time of bearer offload.

Observation 4: introducing a specific frame protocol for the split bearer option seems the cleanest option protocolwise. 

Proposal 1: it is proposed to progress the Dual Connectivity split bearer options along the lines of the above observations.

Proposal 2: it is proposed to inform RAN2 of this way forward by agreeing the outgoing LS on flow control in R3-141172 [3]. 
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