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Discussion and Decision
1. Introduction
There are internal services between PDCP and RLC layer, we will discuss these services but in the context of dual connectivity architecture 3C where the PDCP and RLC layer are not collocated anymore for a split bearer. It will be discussed whether and how to realize them over X2. This is also related to flow control and buffer management in PDCP layer of MeNB and RLC layer of SeNB.
2. Discussion 
For a split bearer, PDCP will locate in MeNB, one RLC will locate in SeNB. As shown in following figure, the interaction between PDCP in MeNB and RLC in SeNB will go through X2 and suffer the delay on the non-ideal backhaul.
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Figure 1 Architecture for a split bearer
2.1 Successful delivery indication from RLC to PDCP
As specified in TS36.322 section 5.1.3.1.1:

	When receiving a positive acknowledgement for an AMD PDU with SN = VT(A), the transmitting side of an AM RLC entity shall:
-
set VT(A) equal to the SN of the AMD PDU with the smallest SN, whose SN falls within the range VT(A) <= SN <= VT(S) and for which a positive acknowledgment has not been received yet.

-
if positive acknowledgements have been received for all AMD PDUs associated with a transmitted RLC SDU:

-
send an indication to the upper layers of successful delivery of the RLC SDU.


This successful delivery indication is based on ARQ feedback. As shown in the figure [2], VT(S) is the last transmitted RLC SDU, 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. RLC layer could report to PDCP which RLC SDU/PDCP PDU has been delivered successfully based on the mapping between RLC SDU and RLC PDU. This will help PDCP layer to know that unconfirmed PDCP PDUs are still in the RLC buffer, and PDCP layer will avoid associating more than half of the PDCP SN space of contiguous PDCP SDUs with PDCP SNs without successful delivery. Otherwise, it may cause HFN de-synchronization problem. 

[image: image2.emf]Transmission buffer

(RLC SDU)

buffer

(PDCP PDU)

Re-transmission buffer

(RLC PDU)

buffer

(PDCP SDU)

VT(MS) VT(A)  VT(S)

PDCP

RLC


Figure 2 buffer management in signal connectivity

In the context of dual connectivity, the same function shall be kept as the starting point.  As shown in following figure [3], only difference is there are two RLC branches, both MeNB RLC and SeNB RLC will send indication of successful delivery to PDCP layer, and PDCP layer shall take into account these two branches together. 
The indication is no longer an internal interaction but an interaction between two nodes, the details needs to be specified e.g. the format of the successful delivery indication, how frequent to report, and when to report. 
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Figure 3 buffer management in dual connectivity

This successful delivery could be used as flow control. Since all packets, which have been sent to SeNB, but have not been positive acknowledged will be buffered in SeNB either in the transmission or re-transmission buffer, the successful delivery indication implicitly indicates the packets still in the RLC buffer, based on this, MeNB PDCP determines whether and how many more packets could be sent to SeNB, i.e. more packets could be sent to SeNB if more successful delivery acknowledge from SeNB are received.  This can be an alternative of the flow control for RAN3 to discuss.
Proposal 1: Introduce a Successful Delivery Indication Control Element over X2 from SeNB RLC to MeNB PDCP. 
Proposal 2:  Successful Delivery Indication could be also used for flow control and this can be an alternative for RAN3 to discuss.
2.2 Timer based Discard
In TS36.322 section 5.3:

	5.3
SDU discard procedures
When indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting side of an AM RLC entity or the transmitting UM RLC entity shall discard the indicated RLC SDU if no segment of the RLC SDU has been mapped to a RLC data PDU yet.


At reception of a PDCP SDU from upper layers, the discardTimer will start and be associated with the PDCP SDU (if configured), once the discard timer expires, there is no sense to send the packet anymore if it has not been sent yet. Since the PDCP may buffer the packet for an uncertain time e.g. based on flow control, and then route to SeNB RLC, the whole discard time will be consumed partly by MeNB PDCP and partly by SeNB RLC, there are two possible ways to do timer based discard:
· Alt. 1: Timers is only maintained in PDCP, and discard indication will be sent to SeNB when the timer is expired.
· Alt. 2: Timer is started at MeNB PDCP, and will be forwarded together with the packet to SeNB.
With Alt.1, the MeNB shall indicate the discard in advance by taking into account the delay on X2.  Ideally, MeNB only indicate the discard if the PDCP PDU packets are still in the transmission buffer, otherwise, in the end, there is useless discard indication. 
With Alt.2, for each PDCP PDU which is forwarded to SeNB, one additional field is introduced to carry the discard timer and it will continue to be maintained by the SeNB RLC, once it expires, the RLC will perform the discard. 
Both alternatives could work, we slightly prefer the alt.2, which is more straightforward, and easy to implement. 
Proposal 3:  Introduce an accompanying field with the PDCP PDU Packet, which carries the discard timer from MeNB to SeNB

3. Conclusion

In this contribution we discussed services between PDCP and RLC i.e. successful delivery indication and discard indication for a split bearer, we propose:

Proposal 1: Introduce a Successful Delivery Indication Control Element over X2 from SeNB RLC to MeNB PDCP. 
Proposal 2: Successful Delivery Indication could be also used for flow control and this can be an alternative for RAN3 to discuss.

Proposal 3: Introduce an accompanying field with the PDCP PDU Packet, which carries the discard timer from MeNB to SeNB

If above proposals are agreeable, we also propose to inform RAN3.
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