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Discussion and Decision
1. Introduction
According to last RAN2 and RAN3 discussions and agreements, transmission status feedback and acceptable buffer size will be introduced over X2 from SeNB to MeNB for split bearers. However some details are still FFS:

· How to get the PDCP SN at the SeNB, through the PDCP header provided in the user plane packet or within the respective GTP-U extension header etc? 

· 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? Shall the information of acceptable buffer size be performed on bearer-level or UE-level?
In this contribution, we discuss these details and based on our proposals we give an overview of flow control.
2. Discussion 
2.1 Transmission status feedback
In the last RAN2 meeting it was agreed:

The SeNB provides to the MeNB PDCP SNs of the successfully delivered PDCP PDUs (based on RLC AM state in SeNB) among the ones that it received from the MeNB.[RAN2 chair note]
In the last RAN3 meeting it was agreed:

The feedback on PDCP PDUs successfully or unsuccessfully transmitted to the UE is PDCP SN based [RAN3 chair note, R3-140980]
Basically, Transmission status feedback will be based on PDCP SN and the knowledge of successful delivery or not is based on RLC ARQ feedback. Currently PDCP SN is transparently for RLC layer, in order to do feedback based on PDCP SN, either the SeNB looks into the PDCP PDU header to get the SN, or in addition of the PDCP PDU, MeNB tell SeNB the PDCP SN explicitly. 
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Figure 1
According to the procedure in PDCP, the PDCP header is added to the beginning of the bit string at the last step i.e. after header compression and ciphering as in figure 1. So it is not more complicate for SeNB to read the PDCP SN from the PDCP PDU header directly than from other part e.g. GTP-U extension header. Furthermore, in this way, there is no additional X2 overhead or workload in MeNB side.
Proposal 1: SeNB get the PDCP SN by looking into the PDCP PDU header 

Since the PDCP PDU transmission status will be based on ARQ feedback. Let’s recap the RLC transmission window first. As shown in the figure [2], VT(S) is the last transmitted RLC PDU+1, VT(A) is the first RLC PDU without positive acknowledgment based on the ARQ feedback,  correspondingly all other RLC PDU with lower SN than VT(A) have been positive acknowledged. 
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Figure 2 buffer management in dual connectivity

There is consensus achieved in last RAN2 meeting that:

The PDCP transmitter should not bring more than half the sequence number space in flight in order to avoid HFN de-sync. (as in legacy behaviour).[RAN2 chair note]
Hence it is important to report the first unsuccessful delivered PDCP SN, which is corresponding to the VT(A) in RLC transmission window. If the first unsuccessful delivered PDCP PDU in SeNB is in a lower position of PDCP transmission buffer, comparing with the first unsuccessful delivered PDCP in MeNB, the PDCP layer shall not associate PDCP SN which is half of the PDCP SN space larger than the first unsuccessful delivered PDCP SN. Otherwise, it may cause HFN de-synchronization problem. 
Proposal 2: SeNB feedback the first unsuccessfully delivered PDCP SN, which is corresponding to VT(A), the first RLC PDU without positive acknowledgment based on ARQ feedback.
Between the V(S) and V (A), there are some of them successfully delivered and some of them not.  The question is whether we also need to feedback their status. It is always good to feedback as detail as possible, but the overhead also should be taken into account. Assuming 12bit PDCP SN and half of the PDCP PDUs are on the fly, then 2048bit is needed if bitmap is used as the RLC status report, or 12*n is needed if explicit SN is used and n PDCP packets are indicated. The compromise way is to only feedback the last sent PDCP SN which is corresponding to VT(S)-1 in RLC layer, this will give MeNB a rough idea whether the transmission window is moving smoothly or stalling:
Proposal 3: SeNB feedback the last delivered PDCP SN, which is corresponding to VT(s)-1, (VT(S) holds the value of the RLC SN to be assigned for the next newly generated AMD PDU).
With proposal 2 and 3, we give an example how the feedback would looks like: 
Table 1: Example of Transmission Status Report
	Assumption:

· MeNB offloaded PDCP packets 1,3,5,7,9,11 to SeNB

· SeNB has sent PDCP packets 1,3,5,7 to UE 

· Based on the RLC ARQ, PDCP packet 1, 5 have been fully successfully delivered to UE.

	Transmission status report is:

{SN 3, SN 7}


In this case, PDCP PDU#1 is removed from buffer based on the positive feedback. The PDCP PDU #3 is the first unsuccessfully delivered PDCP PDU, which is also the first packet in the buffer. PDCP PDU#7 is the last packet delivered to UE. The last buffered packet should be PDCP PDU#11, which is the last offloaded packet from MeNB, hence the transmission status feedback from SeNB to MeNB is: {3, 7}.which indicate the lower side of the buffer/window and the last delivered packet, the later information can be used to judge if the buffer/window is moving smoothly or stalling.
2.2 Acceptable buffer size
The offload throughput from MeNB to SeNB could be dynamic and impacted by e.g. load in SeNB, radio condition of this UE and the priority of the offloaded data comparing the other data served by SeNB, however the dynamic throughput impacted by all these factors will reflect indirectly in the constant transmission status feedback. From this point of view, the acceptable buffer size is only related to how much buffer the SeNB can give to the split bearers regardless the achieved throughput and hence it is enough to be semi-static and per-UE.
Proposal 4: Acceptable Buffer Size is semi-static and per-UE (need RAN3 to confirm).
2.3 Flow control overview
As shown in the figure 1, since all packets, which have not been positive acknowledged will be buffered in SeNB either in the transmission or re-transmission buffer, so from MeNB point of view, the first unsuccessful delivered PDCP SN determined the first PDCP PDU which is buffered in the SeNB, the last offloaded PDCP PDU to SeNB is the last one buffered in SeNB, together with the per-UE Acceptable Buffer Size,  MeNB PDCP can determines whether and how many more packets could be sent to SeNB roughly, assuming there is only one split bearer for this UE, which will be equal to:

Acceptable Buffer Size- Buffer [last offloaded PDCP SN, first unsuccessful delivered PDCP SN]
Hereby: Buffer [last offloaded PDCP SN, first unsuccessful delivered PDCP SN] means in worst case the buffer is already used in SeNB which is for PDCP PDUs from first unsuccessfully delivered PDCP PDU to the last offload PDCP PDU from MeNB to SeNB.  
MeNB will adjust the offloading speed based on the constant transmission status feedback and the acceptable buffer size dynamically.  Based on the transmission status feedback, the NW know how much data is being in the buffer of SeNB, it is the amount of buffer occupied by PDCP #3 to PDCP #11 roughly in the example of table 1. In reality it could be less than this, since some packets in between which is positive acknowledged may be removed from buffer. The more data is buffered in SeNB, the lower throughput is comparing expectation, and the slower MeNB should offload to SeNB, vise verse. And the total offloadable data will be capped by Acceptable Buffer Size.
3. Conclusion

Regarding Transmission Status Feedback, it has been agreed to be based on PDCP SN and the knowledge of successful delivery or not is based on RLC ARQ feedback, for the details, we propose:
Proposal 1: SeNB get the PDCP SN by looking into the PDCP PDU header 

Proposal 2: SeNB feedback the first unsuccessfully delivered PDCP SN, which is corresponding to VT(A), the first RLC PDU without positive acknowledgment based on ARQ feedback.
Proposal 3: SeNB feedback the last delivered PDCP SN, which is corresponding to VT(s)-1, (VT(S) holds the value of the RLC SN to be assigned for the next newly generated AMD PDU).
Because Transmission Status Feedback can give dynamic information to MeNB, Regarding the acceptable buffer size, it is proposed that: 

Proposal 4: Acceptable buffer size is semi-static and per-UE (need RAN3 to confirm).
The flow control can be done by using the Ttransmission Status Feedback and per-UE Acceptable Buffer Size together as discussed in section 2.3.
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