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1
Introduction

RAN3 has reached some agreements on flow control mechanism at RAN3#83bis meeting, along with some open issues as following [1].

-
Shall the constancy of the feedback on the transmission status and the information of acceptable buffer size be a matter of implementation or shall it be specified?
-
How to provide feedback of successfully delivered PDCP PDUs? (explicit per PDU / implicit indicating lower window / …)?

-
How to provide the information of the acceptable buffer size?

-
Does the SeNB need to be configured with a “deliver timer” in accordance to the re-ordering timer at the MeNB?

-
Shall the information of acceptable buffer size be performed on bearer-level or UE-level?

-
Shall the feedback of transmission status and the information of the acceptable buffer size be provided within a newly defined GTP-U extension header or within a frame protocol newly defined on top of GTP-U?
In this contribution, we make a detail analysis for these issues and provide some observations and proposals in the end.
2
Discussion
Firstly, we are of the opinion that the details of feedback definitely need to be specified, because it is related to the coordination of two independent nodes, the MeNB and SeNB. In some cases, they may be from different equipment vendors. So the standardization of the communication between these two nodes is required. And it is also the precondition of our following analysis.
Proposal 1: The constancy of the feedback on the transmission status and the information of acceptable buffer size should be specified.
2.1
The feedback of transmission status of PDCP PDUs
From the point view of MeNB, besides the successfully delivered PDUs, all the other PDUs which have been sent to SeNB can be seen as unsuccessful ones. The estimation of transmission status can be made yet. So it is enough to feed back the successfully delivered PDUs only.
There are basically three options of the feedback info:

· Option 1: provide the PDCP SN of the latest PDU successfully delivered in sequence and a bitmap of each subsequent PDUs
· Option 2: provide the PDCP SN of the latest PDU successfully delivered in sequence only
· Option 3: provide the PDCP SN of the latest PDU successfully delivered

First, option 3 should be ruled out, because this will mislead the MeNB if there are still PDUs with smaller PDCP SN not yet transmitted successfully. During the left options, option 1 reflects the status more accurately than option 2. However it seems to be slightly overkill. If SeNB should indicate the MeNB constantly according to option 1, the sequential feedback may have a lot of redundant info. So option 2 is preferred.
Proposal 2: The feedback of transmission status of PDCP PDUs should provide the PDCP SN of the latest PDU successfully delivered in sequence.
Furthermore, the feedback is per bearer specific info. Each bearer may have very different characteristic, e.g. traffic model, packet size, QoS attribute etc. It is difficult to define a common rule for every bearer. So it is proposed that we should introduce some flexibility for the feedback occasion. For example, MeNB can configure periodical or event   trigger or both for each bearer, and MeNB can also configure different period and/or trigger threshold separately for each bearer.
Proposal 3: The feedback occasion of the transmission status of PDCP PDUs can be defined separately for each bearer, e.g. periodical triggered and/or event triggered.
2.2
The information of the acceptable buffer size
SeNB has its own MAC scheduler and algorithm, so MeNB is supposed to depend on SeNB’s dynamic scheduling to adapt its flow control policy. SeNB should calculate the capacity that it could accommodate in the next stage according its own scheduling algorithms and inform MeNB about its capacity actively. MeNB should consider this capacity as the capability ceiling of SeNB. It should be noted that the MAC scheduler in SeNB only cares about the absolute size of data, and SeNB can neither predict the size of PDCP PDU size, feedback of the number of PDCP PDUs seems not practical. So the feedback information is only in form of absolute size of data, i.e. number of bits.
Proposal 4: The information of the acceptable buffer size should reflect the capacity ceiling of SeNB, in form of absolute size of data.
Another question is the granularity of the feedback. Two granularities can be used for this feedback: on bearer level, or UE level. In principle, the granularity is the smaller the better, i.e. bearer level priors to UE level. It is possible that there is no data for transmission for a certain bearer even though SeNB has a feedback of big capacity, which seems feedback on each bearer is redundant, but that’s not a big problem. MeNB knows about the transmission status of each bearer as described above, so MeNB could synthesize these two kinds of information (i.e. transmission status and acceptable buffer size) on bearer level when making the final flow control decision. And the estimation of MeNB will be fixed by constant feedback from SeNB. 
Proposal 5: The feedback of acceptable buffer size should be on bearer level.

Similar with the analysis of PDCP PDUs status in above section, the QoS characteristic and real traffic model vary from each bearer. So it is proposed to configure each bearer separately about the feedback occasion. For example, MeNB could configure periodical or event or both trigger for each bearer. In some cases, the feedback of acceptable buffer size may share the same feedback occasion with that of PDCP PDUs transmission status.
Proposal 6: The feedback occasion of the acceptable buffer size can be defined separately for each bearer, e.g. periodical triggered and/or event triggered.
2.3
Is “deliver timer” needed in SeNB?
In our opinion, the “deliver timer” in SeNB has a similar function with “discard timer” in MeNB. The only difference is that the corresponding PDUs may be re-transmitted in MeNB, but it will introduce extra complexity to the coordination between PDCP and RLC. So it is proposed that “deliver timer” is not needed. 

In other hand, RAN3 is also proposed to rethink the improvement of PDCP discard mechanism between MeNB and SeNB. In the legacy system, PDCP will inform RLC to abandon the transmission of some PDCP PDUs when the corresponding discard timer expires. Even though it is described from the point view of UL, it may be also introduced in DL transmission for dual connectivity mode. BTW, this mechanism is similar with the abovementioned SeNB feedback procedures, only with different direction. Since new mechanism will be introduced to support the SeNB feedback, it is proposed to include this function as well.
Proposal 7: “Deliver timer” is not needed, and it is also proposed that PDCP discard mechanism between MeNB and SeNB should be introduced. 
2.4
How to convey the feedback?
There are two alternatives left in the last meeting:
Alt 1: Within newly defined GTP-U extension header

Alt 2: Within a newly defined frame protocol
We have known that GTP-U is agreed to be reused for data forwarding for SCG bearer option and data transmission for split bearer option. To control or manage the tunnel transmission, it is more reasonable to choose an “in-band” approach, i.e. within GTP-U protocol either. Currently, GTP-U extension header has supported the transmission of PDCP PDU number during data forwarding. So adding another kind of extension header type for feedback which is also related to the data forwarding seems thus logical.
Regarding alt 2, creating a new protocol is more complicated. More time and effort should also be taken in order to perfect this specification then. In our opinion, it is not a good idea to leave the existing GTP-U extension alone.

Proposal 8: Alt 1 of GTP-U extension header is preferred to convey the feedback information.
4
Conclusions
Proposal 1: The constancy of the feedback on the transmission status and the information of acceptable buffer size should be specified.
Proposal 2: The feedback of transmission status of PDCP PDUs should provide the PDCP SN of the latest PDU successfully delivered in sequence.
Proposal 3: The feedback occasion of the transmission status of PDCP PDUs can be defined separately for each bearer, e.g. periodical triggered and/or event triggered.

Proposal 4: The information of the acceptable buffer size should reflect the capacity ceiling of SeNB, in form of absolute size of data.

Proposal 5: The feedback of acceptable buffer size should be on bearer level.

Proposal 6: The feedback occasion of the acceptable buffer size can be defined separately for each bearer, e.g. periodical triggered and/or event triggered.
Proposal 7: “Deliver timer” is not needed, and it is also proposed that PDCP discard mechanism between MeNB and SeNB should be reserved. 

Proposal 8: Alt 1 of GTP-U extension header is preferred to convey the feedback information.
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