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Discussion and Decision
1      Introduction
In RAN#63 meeting, dual connectivity WI was approved. In user plane architecture 3C, for one radio bearer, there are two RLC entities at the UE side. Then in PDCP layer, in-sequence delivery from RLC layer cannot be guaranteed and reordering in PDCP layer is needed [1-6]. In this contribution, we discuss the PDCP reordering options.
2      Discussion
2.1     Current reordering schemes in PDCP and RLC UM
PDCP
In current PDCP operation, a reordering window is defined and only PDCP SDUs with SN within the window are stored. If lower layer is not re-established, stored PDCP SDUs are delivered to upper layers immediately. In this case, PDCP layer does not reorder PDCP SDUs since it is expected that RLC layer will perform in-sequence delivery. 
If lower layer is re-established, stored PDCP SDUs are reordered and delivered to upper layers in ascending order of the associated COUNT value. Any SDU not delivered to upper layers are eventually delivered when PDCP SDUs not due to re-establishment are received. Note that during reordering operation, there is no timer used in PDCP layer. 
RLC UM
In RLC UM receiver side, a reordering window is also defined. A so-called pull based mechanism is used, i.e. a new packet out of reordering window pulls the reordering window forward. If there is a SN gap between received UMD PDU and previously consecutively delivered UMD PDU, timer t-Reordering is started. If the missing UMD PDU is received within the timer t-Reordering, it is delivered to upper layers along with all its consecutive UMD PDUs (if any). If t-Reordering expires, consecutive UMD PDUs immediately after the missing PDU (if any) are delivered to upper layers.
2.2     PDCP reodering scheme for dual connecitivty
There are mainly two PDCP reordering schemes proposed for option 3C in dual connectivity: one option is to apply current PDCP reordering scheme for the re-establishment of lower layer, the other is to use RLC UM like reordering mechanism.
Applying current PDCP reordering scheme for re-establishment basically reuses the following PDCP functionality [TS 36.323, §5.1.2.1.2].
	-
else if received PDCP SN = Last_Submitted_PDCP_RX_SN + 1 or received PDCP SN = Last_Submitted_PDCP_RX_SN – Maximum_PDCP_SN:

-
deliver to upper layers in ascending order of the associated COUNT value:

-
all stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from the COUNT value associated with the received PDCP SDU;
-
set Last_Submitted_PDCP_RX_SN to the PDCP SN of the last PDCP SDU delivered to upper layers.


The underlying assumption for this approach is that any PDCP SDU will be eventually received. However such assumption is not valid since PDCP SDUs might be discarded at eNB due to flow control, and packet might be lost in Xn interface (although the probability is very low). Gaps in PDCP SN may stall the reordering procedure if timer is not used. Therefore it is proposed to use RLC UM like approach, which is more robust to handle these issues. The other benefit of RLC UM approach, as pointed out in [2], is that SeNB release procedure can also be handled, where MeNB needs to retransmit packets which are originally handled by SeNB.
Proposal 1: RLC UM like reordering scheme (with a t-Reordering timer) is used for PDCP layer reordering in option 3C.
2.3     Transmission buffer management at MeNB and handling of SeNB release
In current system, eNB manages PDCP and RLC SDU buffers for retransmissions. RLC SDU can be removed from the buffer if it is acknowledged by UE. PDCP SDU can be removed from the buffer if corresponding RLC SDUs are acknowledged. Such buffer management is an eNB implementation detail and is not specified.

During Rel-11 handover procedure, for RLC UM, source eNB forwards un-transmitted PDCP SDUs to target eNB. For RLC AM, source eNB forwards unacknowledged (RLC) and un-transmitted PDCP PDUs to target eNB and the retransmission can be optimized with optionally configured PDCP status report. For dual connectivity, during SeNB release procedure, the bearer originally handled by both MeNB and SeNB will be handled by MeNB only. When SeNB is released, there are PDCP SDUs unacknowledged (RLC AM) and/or un-transmitted. MeNB needs to retransmit those SDUs.
In dual connectivity option 3C, MeNB manages PDCP SDU buffer and one RLC SDU buffer, and SeNB manages one RLC SDU buffer. The buffer management is complicated here since for PDCP SDUs handled by SeNB, MeNB does not know whether or not the UE has received those PDCP SDUs. There are basically two approaches to handle this:
· Option A: MeNB does not keep PDCP SDUs handled by SeNB in the buffer. In this approach, when SeNB is released, it needs to forward back to MeNB those unacknowledged and un-transmitted PDCP SDUs. This is similar to current handover procedure. MeNB may also request UE to transmit PDCP Status Report so that retransmission can be optimized. The main issues of this approach are that X2 overhead is increased when SeNB is released, and there are additional delays to transmit those PDCP SDUs.

· Option B: MeNB keeps PDCP SDUs handled by SeNB in the buffer. In this approach, either SeNB or UE should inform MeNB about PDCP Status (the SNs for correctly received and missing PDCP SDUs) so that MeNB can remove from the buffer those PDCP SDUs which are correctly received by the UE. In this approach, when SeNB is released, SeNB does not need to forward back those unacknowledged and un-transmitted PDCP SDUs. The drawback is the increased buffer requirements in MeNB and increased signalling overhead in X2 or air interface (however signaling overhead might not be an issue if such signaling is piggybacked in the flow control signaling exchanged between MeNB and SeNB).
For option B, there are basically two approaches to inform MeNB about the PDCP status when SeNB is released:

1) During SeNB release procedure, SeNB indicates to MeNB which PDCP SDUs are un-transmitted. In addition, for RLC AM, SeNB indicates which PDCP SDUs are unacknowledged. Then MeNB can start retransmission of those PDCP SDUs. The drawback of the proposal is that RLC Status Report is not up to date, so MeNB may transmit some packets which are already correctly received by UE.

2) During SeNB release procedure, in RRCConnectionReconfiguration message, MeNB can request UE to transmit PDCP status report. MeNB can then perform retransmission accordingly.

No matter which approach is used, PDCP reordering functionality cannot be directly disabled since MeNB is now performing retransmission. When to disable PDCP reordering can be done either explicitly by the indication from MeNB or by UE observing that the retransmission is finished.   
Proposal 2: RAN2 to discuss how to handle transmission buffer management at MeNB.

Proposal 3: PDCP reordering functionality cannot be directly disabled after SeNB release.

2.4     Enable/ disable PDCP reordering feature
Since PDCP reordering introduces additional delay, it might be desirable to disable the feature if the bearer is only handled by SeNB. For example, if the load in MeNB is high, MeNB may decide that it is better to let SeNB to handle the bearer completely. In this case, additional delay is introduced since PDCP reordering procedure will wait for the PDCP SDUs which are discarded or lost in X2 interface. Therefore there is no need to use PDCP reordering feature when the bearer is only handled by SeNB.
To disable PDCP reordering, one simple approach is to allow t-Reordering to be 0 ms. Another approach is to use an explicit bit in DRB configuration to indicate whether PDCP reordering is enabled or not. 
Proposal 4: PDCP reordering feature can be disabled per DRB basis.
3      Conclusion
In this contribution, we discuss PDCP reordering for option 3C and propose the following:
Proposal 1: RLC UM like reordering scheme (with a t-Reordering timer) is used for PDCP layer reordering in option 3C.
Proposal 2: RAN2 to discuss how to handle transmission buffer management at MeNB.
Proposal 3: PDCP reordering functionality cannot be directly disabled after SeNB release.
Proposal 4: PDCP reordering feature can be disabled per DRB basis.
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