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1 Introduction

At the RAN2#79 meeting it was agreed to support an extended format of the PDCP sequence number (SN) of 15 bits [1]. It was also agreed in the user plane session that we should rely on full RRC configuration at handover to change the length of the PDCP SN from non extended to extended, and vice versa. However, some companies (Ericsson, Huawei, and CATT) wanted to have a lossless handover and discuss this topic further in the main session.

In the main session it was agreed that:

“Can discuss further in the next meeting whether it should be possible to perform lossless PDCP SN-length switch”

This contribution analyzes the need for supporting extension of the PDCP SN format at handover without the risk of packet losses.
2 Discussion

2.1 Need for PDCP SN format change
In the RAN2#79 meeting, some companies considered that the need to change PDCH SN format is very rare. In this subsection we discuss why this assumption is not necessarily true. 

First, we see very probable that the extended PDCP SN format of 15 bits will be deployed at different times by different operators. Moreover, even if an operator will include support for handling a Rel-11 RRC configuration it may not necessarily implement support for a 15 bits PDCP SN length. Hence, this may lead to cases when change of the PDCP SN format is needed.
Shortening of PDCP SN length may be needed when the UE moves to a legacy eNB not supporting Rel-11 or when the UE moves to a Rel-11 adapted eNB that has not implemented support for extended PDCP SN. It is likely though that this scenario will only happen during a transition period while networks are upgraded to later releases, and once all operators have implemented support for extended PDCP SN, the case of shortening the PDCP SN should not be so common. Also, if an operator does not implement the extended PDCP SN format it will only imply that the eNBs in its own network will not be able to support high data rates without interruption at handover, and it will not cause degradation for operators that support high data rate radio bearers.
Observation 1: There may be cases when the PDCP SN needs to be shortened at handover. However, shortening the PDCP SN will only be needed during a transition period until networks have been upgraded to support Rel-11, provided that the operator implements support for extended PDCP SN.
Extension of PDCP SN length may be needed when the UE moves to a eNB that needs to use the extended format because it has support for high rate radio bearers. The extension of PDCP SN length may be more common than shortening because some operators may choose to not per default setup radio bearers with the extended format in their own networks, even though they support extended PDCP SN format for radio bearers that are setup in other networks and handed over to their own network. Furthermore, it may be the case that some operators will use the extended PDCP SN format only for a subset of the radio bearers that are currently configured and use the legacy format for radio bearers that are not considered to be used for high data rate traffic. For instance, an operator A may choose to use the legacy format for the default radio bearer with background data traffic, while operator B prefers to use extended format for the default radio bearer. In this case operator B has support for high data rate traffic also for the default radio bearer and hence wants to use the extended PDCP SN length when the UE enters an area controlled by operator B.
Observation 2: Some operators may not per default use the extended format when they setup new radio bearers, even if upgraded to Rel-11, while other operators may use the extended format per default.
Observation 3: The cases for when PDCP SN needs to be extended at handover may be more frequent than when it needs to be shortened, because if the target eNB needs to use extended PDCP SN format it must perform extension of the PDCP SN if the source eNB uses non extended PDCP SN format.
2.2 Change of SN length at Handover
From the analysis in the previous section it seems to be a need for changing the PDCP SN length when performing handover. This change of the PDCP SN length can be done in two different ways:

1. Performing full configuration at handover.

2. Support changing the PDCP SN format with dedicated RRC signaling at handover.

Using the first method means that all packets in flight are discarded by the UE, and therefore all packets that are currently stored in the RLC or PDCP layers will be dropped. Note that if the target eNB retransmits DL packets received from the source eNB that are associated with a PDCP SN, then there is a risk of duplicated packets. In UL all packets received in the PDCP or the RLC layer are lost, including those packets not yet associated with a PDCP SN. Hence, we may have the situation that many packets are lost and must be retransmitted by higher layers. This means that there will be an interruption in the data traffic when performing the full configuration, and in particular with high data rate radio bearers this will have an impact in the overall throughput that can be supported for the UE during these handover scenarios. In worst case there will be congestion on TCP level which will cause a low bit rate during a longer time period, see 5.1 in the Annex.
Using the second method means that normal handover can take place where packet data losses will normally not occur.

From the analysis in Section 2.1 it can be argued that shortening of PDCP SN format can be avoided once all eNBs have been updated to support Rel-11. Also, even if there are operators that do not implement support for extended SN format, this will only cause bad performance for this operator and not any other operator. Hence, it seems that there is no strong argument for supporting shortening of the PDCP SN length. Therefore we propose:
Proposal 1: Shortening of PDCP SN format at handover is done using RRC full configuration.

However, from the analysis Section 2.1, it is also shown that the extension of the PDCP SN format may occur more frequently than shortening of the PDCP SN format. Furthermore, if an operator wants to implement support for the extended format, and if data losses would happen frequently for UEs entering the area covered by this operator, this would lead to unnecessary bad handover performance for this operator. Therefore we propose:

Proposal 2: Extension of PDCP SN format at handover is done using dedicated RRC reconfiguration.
2.3 The SN size is extended at handover

In general, independent of which node, the source eNB, the target eNB or the UE performs the PDCP format change, the conversation of the PDCP SN length is done as follows:

· The 3 least significant bits of the HFN is moved to SN as three new bits and forms the 3 most significant bits of the SN.

· The 3 least significant bits of the HFN is dropped to form the new format of the HFN.

See the following picture for how this conversion is done.


[image: image1]
If the PDCP SN format is extended during handover, it is logical that the target eNB handles any modifications of the SN length because the source eNB may be a legacy eNB.

The target eNB can do this handover as follows:

· When receiving UL PDCP SDU(s) from the source eNB, the target eNB updates the included SN to its longer format. 
· When receiving any DL packets from the source eNB that may need to be retransmitted, the eNB should update the included SN to its longer format.
Proposal 3: On the network side: when the PDCP SN format is extended at handover, the target eNB will handle the required extension of the PDCP SN for PDCP SDU(s) that are forwarded from the source eNB.
During the handover, the UE will be able to perform the necessary PDCP SN format changes at PDCP re-establishment, as follows:
· The PDCP status variables and constants are updated to correspond with the extended PDCP SN format.

· The PDCP Status Report, if used, is sent with the extended SN format.

Proposal 4: On the UE side: when the PDCP SN format is extended at handover, the UE will at PDCP re-establishment update the internal state variables and constants to reflect the longer PDCP SN length.
See the CR [2] for a proposal how the PDCP re-establishment can be done when extending the PDCP SN length, and see the CR proposal [3] for how to update RRC to allow extension of the PDCP SN format at handover.
3 Conclusions and Proposals

In this contribution, we propose to support dedicated RRC reconfiguration to extend the PDCP SN length at handover.

We have made the following observations:
Observation 1: There may be cases when the PDCP SN needs to be shortened at handover. However, shortening the PDCP SN will only be needed during a transition period until networks have been upgraded to support Rel-11, provided that the operator implements support for extended PDCP SN.
Observation 2: Some operators may not per default use the extended format when they setup new radio bearers, even if upgraded to Rel-11, while other operators may use the extended format per default.

Observation 3: The cases for when PDCP SN needs to be extended at handover may be more frequent than when it needs to be shortened, because if the target eNB needs to use extended PDCP SN format it must perform extension of the PDCP SN if the source eNB uses non extended PDCP SN format.
We have made the following proposals:

Proposal 1: Shortening of PDCP SN format at handover is done using RRC full configuration.

Proposal 2: Extension of PDCP SN format at handover is done using dedicated RRC reconfiguration.

Proposal 3: On the network side: when the PDCP SN format is extended at handover, the target eNB will handle the required extension of the PDCP SN for PDCP SDU(s) that are forwarded from the source eNB.
Proposal 4: On the UE side: when the PDCP SN format is extended at handover, the UE will at PDCP re-establishment update the internal state variables and constants to reflect the longer PDCP SN length.
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5 Annex

5.1 Many dropped packets may cause congestion on TCP level

When many packets are dropped or they come out of order, not only service is interrupted but also a time out on TCP level may occur. If a TCP level packet drop occurs, the congestion window determining how many packets can be brought in flight is decreased. In addition, the congestion avoidance phase may be initiated on TCP level, which leads to an incremental increase in the congestion window size. These two issues will mean that the UE suffers from a lower bit rate during a long time period. More information about this scenario is given in the [4] paper.
In Figure 1 below, simulation results of a scenario with a 3 Mbps bandwidth bearer are illustrated. There is a sudden drop or delay of packets between time moment 2 and 3 in the figure. As can be seen from the figure, it will take a while to increase the congestion window size in order to reach full rate again.



Figure 1: Illustration of TCP congestion window mechanism. X-axis: time (seconds). Y-axis: congestion window size that corresponds to the throughput.
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