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1.
Introduction
At the RAN2#86 meeting, RAN2 agreed that the PDCP PDU reordering continues even after the Split bearer is reconfigured to MCG bearer, in order to reorder the PDCP PDUs received due to the SCG RLC release. One issue was raised on until which point in time the PDCP PDU reordering continues. At the meeting, five potential solutions were identified;


1. Until reordering buffer is emptied


2. Until reordering buffer is emptied and next received PDU does not create SN gap


3. Until a timer expires


4. Until an explicit indication is received


5. Left for UE implementation
Then, RAN2 setup an e-mail discussion “[86#31][LTE/DC] PDCP reordering after Split bearer reconfiguration towards MCG bearer” to discuss the solution, and, in the e-mail, one more solution was identified;

6. The re-ordering continues until PDCP re-establishment.
During the e-mail discussion, companies expressed divergent views on different solutions, and there was no clear majority of any specific solution.

In this document, we would like to revisit the issue on whether the PDCP PDU reordering should continue after the Split bearer is reconfigured to MCG bearer.
2.
Discussion
The Split bearer is usually setup for traffic boosting of the radio bearer. If SeNB’s radio condition becomes worse, or if SeNB experiences congestion, the MeNB or the SeNB may initiate the release of SCG part of the Split bearer, i.e. bearer type change from Split bearer to MCG bearer. The release of SCG part of Split bearer is fulfilled by the SeNB Modification procedure or the SeNB Release procedure, as shown in Figures 1-4. In the below, we will look into details of MeNB initiated case and SeNB initiated case, respectively.
MeNB initiated release of SCG part of Split bearer
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1. SeNB Modification Request

(carry SCG-ConfigInfo)

2. SeNB Modification Request Acknowledge

(carry SCG-Config)

3. RRCConnectionReconfiguration

4. RRCConnectionReconfigurationComplete

5. SeNB Reconfiguration Complete

(carry SCG-ConfigInfo)

7. SNStatus Transfer

8. Data Forwarding

6. Random Access Procedure

9. Path Update procedure


Figure 1: SeNB Modification procedure - MeNB initiated.
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Figure 2: SeNB Release procedure – MeNB initiated.

Figures 1 and 2 show the MeNB initiated procedures.
The MeNB may decide to release SCG part of the Split bearer due to e.g. bad radio condition of SCG or no need for traffic boosting of the radio bearer. In this case, it is likely that the MeNB reduces or stops PDCP PDU transmission to the SeNB before requesting SCG part release to the SeNB. 

To avoid the UE’s reception of out-of-order PDCP PDUs after SCG part release, the MeNB can delay the transmission of SeNB Modification/Release Request to the SeNB, until all the PDCP PDUs in SeNB are transmitted to the UE. In other words, the MeNB transmits SeNB Modification/Release Request to the SeNB only after PDCP PDUs become transmitted only by the MeNB.
Therefore, in case of MeNB initiated SCG part release, the MeNB can control that the UE receives PDCP PDUs in-sequence after SCG RLC release.
Observation 1: For MeNB initiated SCG part release, the MeNB can control that the UE receives PDCP PDUs in-sequence after SCG RLC release.
SeNB initiated release of SCG part of Split bearer
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Figure 3: SeNB Modification procedure - SeNB initiated.
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Figure 4: SeNB Release procedure – SeNB initiated.

Figures 3 and 4 show the SeNB initiated procedures.
The SeNB may decide to release SCG part of the Split bearer due to e.g. lack of SeNB radio resource or SeNB’s congestion. In this case, it is likely that the SeNB requests to the MeNB to reduce or stop PDCP PDU transmissions to the SeNB via flow control mechanism before requesting SCG part release.

It was agreed in RAN3 that the flow control mechanism is used in X2 interface, and the details are under discussion; whether the Acceptable Buffer Size is provided per UE or per RB. In any options, the SeNB can indicate the congestion situation to the MeNB, and avoid the MeNB’s further PDCP PDU transmission to the SeNB.

To avoid the UE’s reception of out-of-order PDCP PDUs after SCG part release, the SeNB can delay the transmission of SeNB Modification/Release Required to the MeNB, until all the PDCP PDUs in SeNB are transmitted to the UE. Thus, similar observation can be made for the SeNB initiated case.
Observation 2: For SeNB initiated SCG part release, the SeNB can control that the UE receives PDCP PDUs in-sequence after SCG RLC release.

With those two observations, we think the network can manage to avoid UE’s reception of out-of-sequence PDCP PDUs after SCG RLC release. Then, it is questionable whether a special mechanism to handle out-of-order PDCP PDUs received after SCG RLC release is really required. With smart network implementation, the PDCP PDU reordering function in the UE can be disabled immediately after the SCG RLC release. A short delay in releasing SCG part would not cause big problem to the radio bearer considering that the delay tolerant traffic is typically transmitted through Split bearer.

Moreover, the temporary reordering may be required only for bearer type change without involving MeNB handover. We believe that the bearer type change from Split bearer to MCG bearer without involving MeNB handover happens only in exceptional cases such as SeNB congestion.

One more thing to note is that the temporary reordering will be required only for very short while after SCG RLC release. The MeNB or SeNB is very likely to reduce the data transmitted by the SeNB before bearer type change.
Considering all these aspects, we think special handling for out-of-sequence PDUs after SCG RLC release is not needed. Thus, we propose to disable the PDU reordering function immediately.

Proposal 1: UE disables PDCP PDU reordering function immediately after the SCG RLC release.
3.
Proposal
In this document, we have explained that the network can manage that UE receives all the PDCP PDUs from the MeNB at the time of bearer type change from Split bearer to MCG bearer. The in-sequence delivery can be guaranteed by smart network implementation. Therefore, we propose that:

Proposal 1: UE disables PDCP PDU reordering function immediately after the SCG RLC release.
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