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1. Introduction

In RAN58 it has been decided [2] to allow selective forwarding of PDCP SDU along with their sequence numbers during handoff. The reordering at UE PDCP delivers the selectively forwarded PDCP SDUs in order to the upper layer.

The PDCP stage 2 states “In-sequence delivery of upper layer PDUs during handover is based on a continuous PDCP SN and is provided by the re-ordering function at the PDCP layer, which can be activated at least during inter-eNB mobility:”

We use a selective forwarding scenario to illustrate that the source eNB must also indicate the SN to use to the target eNB in order to allow target eNB to create a continuous PDCP SN and the UE to deliver in order without delays.

2. Discussion

Since [1] was agreed, we copied its figure and modified it to explain our points below. [1] was used at the last meeting to agree on PDCP stage 2.
Selective forwarding is allowed, PDCP SDUs 1, 2, and 4 are successfully received and the PDCP in eNB knows that before the handoff occurs. Therefore only SDU 3 needs to be forwarded. At handoff the target eNB is forwarded the PDCP SDU with sequence number 3. 

Yet the figure indicated that DL packets already have a SN assigned before they are passed to PDCP, this is not accurate with PDCP in eNB. Indeed the PDCP in target eNB receives GTP PDUs and must assign a PDCP SN to them. After sending SDU with SN 3, and waiting for a path switch timer to expire, which PDCP SN should the target eNB give to the first SDU received on the S1 interface?
· Giving SN 4 is wrong since 4 was already used and it is already buffered by UE . Doing that would result in losses of user data since the first received PDCP SDU with SN 4 would be overwritten.
· Giving SN 3+delta causes delay at the UE since it has to deliver in-order. The UE will deliver 3, 4 to the upper layer and then see 3+delta at the head of buffer, and then wait for [4+1, 3+delta-1] gap to fill. The UE certainly relies on a timer to know when to deliver data following a gap in non-handoff scenarios. It likely does the same during the handoff, but must then pick a long timer that covers the interruption due to handoff and forwarding delays. If only the timer is used when the target eNB jumps sequence numbers delta ahead, the UE will incur the extra delay of the timer at every handoff.
· Restarting PDCP SN to zero requires ciphering key change to avoid security weakness.
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Figure 1 Handover example
2.1. Proposal
We evaluate three solutions to address this

2.1.1. Signaling on X2
The source eNB shall indicate the first SN to use with the first SDU received on S1 by target eNB (after eNB switches from X2 to S1). That first SN is 1+ the highest PDCP SN used by source eNB. In this example this SN is 5. Hence the target eNB is able to deliver a “continuous PDCP SN” which can be used by UE to re-order packets due to selective forwarding without delays.
The UE sees no gap in PDCP SN as long as no RLC SDUs are lost.

2.1.2. Signaling over the air

With the scenario above, the PDCP in the target eNB could first transmit the selectively forwarded PDCP SN with the SN indicated on X2. When target eNB switches to transmit packets received on the S1 interface the PDCP must leave a SN gap in order to not “overwrite” sequence numbers that have already been used by the source eNB and are buffered in UE. Because target eNB does not know how many such SDUs exist, the PDCP jumps SN ahead to last seen + delta. 
As explained above, the baseline solution involves a conservative timer to in PDCP to perform in-order delivery which delays delivery at every handoff. Instead PDCP could use a  PDCP control message after sending SN3 to indicate that it now jumps to SN 3+delta hence the UE shall not wait to receive and SDU with SN lower than 3+delta. Hence UE can deliver 3+delta immediately without waiting for a timer.
This mechanism is similar to the RLC MRW.
2.1.3. Restarting PDCP SN

After the target eNB is done transmitting data it received over the X2 the PDCP may reset – with SN restarting from zero. That would contradict the current stage 2 which refers to continuous sequence numbers. It also forces to use a new key because a given cryptosync can only be used once on a given key. 

However the initial goal of supporting selective forwarding and in order upper layer delivery is met. 
3. Conclusion
We point out a problem related to selective forwarding of PDCP SDU that needs be addressed. We propose to adopt signaling over X2 since it uses cheaper resources than signaling over air interface or restarting PDCP SN.
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