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Discussion and Decision
1      Introduction

In RAN2#85 meeting, following agreements were reached on PDCP reordering:

	0
We do not support RLC UM bearers in split mode.

1
RLC UM like reordering scheme (with a t-Reordering timer) is used for PDCP layer reordering in case of split bearers.

2
From RAN2 point of view we do not want continuous PDCP status reporting from the UE to the MeNB.


FFS for other cases such as mobility/SeNB change/reconfiguration.

 
FFS whether the SeNB needs to inform the MeNB about successfully delivered (and/or pending) PDCP PDUs or whether it is sufficient to rely on e.g. a discard timer in the MeNB. 

3
PDCP reordering after SeNB release if FFS.

4
PDCP reordering may only be configured for split bearers.



In RAN2#85bis meeting, it was further agreed that 

	1
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. 

FFS which PDCP PDU SN(s) exactly to report based on what trigger (all delivered or only a subset)



In this contribution, we discuss the open issues of PDCP reordering for split bearer.
2      Discussion
2.1     UE report after SCG release and SCG change
It was already agreed that 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. Now we consider whether the UE should send the PDCP Status Report after the SCG release and SCG change. This is similar to current handover procedure. Although source eNB transmits unacknowledged and un-transmitted PDCP SDUs to target eNB, the UE can be optionally configured to transmit PDCP Status Report since RLC Status Report is not up to date. The benefit is that the target eNB does not need to transmit the packets which are correctly received by the UE but are forwarded by the source eNB. For dual connectivity, similar benefits can be achieved by optionally configuring the UE to transmit PDCP Status Report after SCG release and SCG change. Since the feature is already supported by the current standard, there won’t be additional standardization or UE complexity impact.

Proposal 1: For split bearer, the UE can be optionally configured to transmit PDCP Status Report after SCG release and SCG change.

2.2     Handling of SCG release

After an SCG release, the MeNB should retransmit the PDCP PDUs that were provided to the SCG but were not successfully delivered by the SCG. The MeNB can determine which PDCP PDUs to retransmit based on feedback about successfully delivered PDCP PDUs receiver via X2 and based on the PDCP Status Report from the UE (according to proposal 1 above). One open issue is how to handle PDCP reordering in the UE after SCG release. For SCG change, there is no issue since PDCP reordering is still needed after SCG change.  
If PDCP reordering functionality is disabled immediately after SCG release, the retransmission of the PDCP PDUs by the MeNB will be delivered to the upper layers directly. This will lead to out-of-order delivery. For this reason, the PDCP reordering functionality should not be immediately disabled after SCG release. 
Proposal 2: PDCP reordering functionality should not be immediately disabled after SCG release.

Since PDCP reordering causes additional latency and also delays congestion avoidance procedure, it should be disabled after the retransmission is completed. There are two options to disable the PDCP reordering functionality:

· Option 1: explicitly indication from MeNB. MeNB has the knowledge of when the retransmission of the PDCP PDUs is finished (based on RLC Status PDU), so MeNB can explicitly disable PDCP reordering e.g. by configuring t-Reordering to 0 ms. 
· Option 2: disabled by UE after observing that the retransmission is completed (e.g. reordering timer is not running). In [3], it was proposed that the UE stops the reordering functionality once the lower PDCP window edge exceeds the highest SN received before SCG release.
The main benefit of Option 1 is that there are no additional standardization efforts (down selection among UE based approaches is needed for Option 2). The drawback is that there is one more additional signaling sent from MeNB. Considering the tradeoff, it is proposed to adopt Option 1.
Proposal 3: After SCG release, MeNB explicitly indicates to UE to disable PDCP reordering.
2.3     Report of PDCP SNs in X2 interface
It is FFS which PDCP PDU SN(s) exactly to report based on what trigger (all delivered or only a subset). It might be better for SeNB to report the successfully delivered PDCP PDU SNs on the fly when performing flow control, instead of based on a trigger.
Below figure shows the format of PDCP Status Report [1] (assuming 15 bits SN). We want to discuss whether the principle of PDCP Status Report by UE can be used for X2 report between SeNB and MeNB (note that X2 signaling is using a tabular format and ASN.1 encoding). FMS denotes the PDCP SN of the first missing PDCP SDU while Bitmap indicates whether PDCP SDUs with SN = (FMS + bit position) modulo (Maximum_PDCP_SN + 1) is missing or not.
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Figure 6.2.6.2: PDCP Control PDU format for PDCP status report using a 15 bit SN
It might not be possible to reuse exiting PDCP Status Report principle for X2 reporting in dual connectivity. One of the goals of such X2 PDCP report is to let MeNB know the successfully delivered PDCP PDU SNs. Since PDCP packets may be lost in X2 interface (although this is rare), X2 PDCP report should be robust against such errors. SeNB does not have any idea of packet loss in X2 interface therefore SeNB cannot determine which PDCP PDU SN is the first missing one from the perspective of the MeNB. If SeNB reports the missing PDCP PDU SN based on the received PDCP PDUs from MeNB, then MeNB may consider that some packets lost in X2 interface are received by UE successfully. For example, assume MeNB transmits PDCP PDUs with following SN to SeNB {2, 3, 7, 8, 9, 10} and PDCP PDU with SN=2 is lost in X2 interface. From SeNB perspective, it receives PDCP PDUs with SN of {3, 7, 8, 9, 10}. If PDCP PDUs with SN of {3, 7} are successfully delivered to UE, SeNB considers that the first missing PDCP PDU has the SN of 8. If SeNB reports such information to MeNB, then MeNB will assume that PDCP PDU with SN=2 is also delivered to UE, which is incorrect.
Another approach for X2 PDCP report is that SeNB reports the highest PDCP PDU SN that is consecutively delivered to UE. However this approach has the similar issue discussed above. 
One simple yet correct approach is that SeNB only informs MeNB about the newly successfully delivered PDCP PDU SNs to MeNB. For example, assume SeNB informs MeNB that PDCP SN {3, 4, 8, 9} are successfully delivered to UE. In a later report, it can indicate to MeNB that PDCP SN {10, 15, 16, 19} are successfully delivered to UE. Since X2AP is based on SCTP protocol, the reliability of such incremental report is guaranteed. Detailed X2 signalling design can be left to RAN3 based on this principle. For example, X2 signaling may contain a list of PDCP SNs. Another approach is to use the principle of above PDCP Status Report format with slight modifications. SeNB indicates to MeNB the first successfully delivered PDCP SN (since last transmission of the status report to MeNB), and a bitmap indicates whether following PDCP SNs are successfully delivered to MeNB or not.
Proposal 4: SeNB informs MeNB about the newly successfully delivered PDCP PDU SNs to MeNB since last transmission of the report.
3      Conclusion

In this contribution, we discuss PDCP reordering for split bearer and propose the following:
Proposal 1: For split bearer, the UE can be optionally configured to transmit PDCP Status Report after SCG release and SCG change.
Proposal 2: PDCP reordering functionality should not be immediately disabled after SCG release.
Proposal 3: After SCG release, MeNB explicitly indicates to UE to disable PDCP reordering.

Proposal 4: SeNB informs MeNB about the newly successfully delivered PDCP PDU SNs to MeNB since last transmission of the report.
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