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1 Introduction

The selective retransmission method has been accepted by RAN2 as the solution for handling the user plane at intra-LTE mobility. This means that only those PDCP SDUs are forwarded to the target eNodeB and get retransmitted from there, which have not been fully acknowledged on the lower layers at the source eNodeB.  
As a consequence of this solution the SDUs retransmitted from the target cell need to be sent with the same PDCP SN as in the source cell in order the UE can properly reorder them with the SDUs already received in the source cell. This requires to transfer the PDCP SN with the forwarded SDUs, at least for those that have been sent but not yet acknowledged in the source cell. 
Moreover, the assignment of PDCP SNs for new SDUs being transmitted from the target cell needs to be continuous with the already assigned PDCP SNs at the source cell. In accordance with the above it has been agreed at the last RAN2#58-bis meeting that during an intra-LTE handover the source eNB shall inform the target eNB about the next PDCP SN to allocate to a packet which does not have a PDCP SN yet. 
In this contribution we discuss the necessary signaling means that need to be introduced between the source eNodeB and the target eNodeB in order to convey the PDCP SN with forwarded SDUs and to signal the next PDCP SN to be allocated for SDUs not having a PDCP SN yet. Although, the PDCP SN handling is discussed specifically in the context of DL data forwarding, many of the principles proposed here are applicable for the forwarding of UL data as well. The details of forwarding UL data is discussed in [1].
2 Downlink data forwarding
The downlink data forwarding process is depicted in Figure 1. For the sake of the current discussion we differentiate two types of buffered packets at the eNodeB. The SDUs that have been already processed by PDCP and RLC/MAC are stored in the L2 buffers typically in a segmented format and they are under transmission on the radio interface. Other SDUs that have been received on S1 but have not yet been processed by PDCP and RLC/MAC are stored in the SDU buffer.
For some of the SDU segments stored in the L2 buffer a positive acknowledgement (ACK) may have been already received from the UE, for others a negative acknowledgement (NACK) may have been received while some segments may not even be sent at all. In the example, red coloring is used for segments for which a NACK has been received or which have not even be sent at all. Green coloring means positively acknowledged segments. 
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Figure 1: PDCP SN transfer at data forwarding
In case a handover occurs the source eNodeB needs to forward all the not yet acknowledged SDUs to the target eNodeB, according to the selective forwarding principle agreed in RAN2. In the example, this means the forwarding of SDU #4 and #6 from the L2 buffer (SDU #5 does not have to be forwarded, as all segments of it have been received and acknowledged by the UE) and the forwarding of all the SDUs from the SDU buffer and the forwarding of all the incoming SDUs on S1.
The SDUs from the L2 buffer necessarily have to be forwarded with their PDCP SN attached in order they can be retransmitted with their same PDCP SN from the target cell, such that the UE can reorder them with the already received out of sequence SDUs (SDU#5 in the example). The SDUs forwarded from the SDU buffer and from the S1 interface do not necessarily have to get a PDCP SN assigned and do not have to be forwarded with a PDCP SN attached. For these SDUs a PDCP SN can be assigned the first time when they are sent out from the target cell. Alternatively, the source eNodeB may assign a PDCP SN for these SDUs as well and forward them accordingly.
It should also be considered whether the issue of PDCP SN transfer should be handled differently in the different intra-LTE handover options, i.e., depending on whether it is an X2 handover, an S1 handover with direct forwarding or an S1 handover with indirect forwarding.

In summary, we identify the following issues with PDCP SN handling at forwarding and address each of these issues separately in the rest of the document.
· What should be the method to convey the PDCP SN along with the forwarded SDUs?
· How to indicate the next PDCP SN to be assigned for the SDUs not having a PDCP SN yet at the target?

· Whether to append PDCP SN to all forwarded SDUs or only to those that have been already PDCP processed in the source at the time of the handover?
· Whether there should be different solutions for the X2 and S1 handover options?

Method to convey the PDCP SN of forwarded SDUs
Since the GTP-U tunneling protocol already provides the capability to transfer PDCP SN [3], we propose to use the available “PDCP PDU number” field within the GTP extension header to transfer the PDCP SN of the forwarded SDU. This solution shall be applicable in the X2 handover case.
In case of an S1 handover (either with direct or indirect forwarding) we propose not to support the transfer of the PDCP SN of the forwarded SDUs, as this would introduce extra complexity both in the GW and also in the MME. The GW would need to be able to interpret the GTP extension header and copy the header from one tunnel to the other, while the MME would be required to convey the signaling message carrying the PDCP SN status (the next PDCP SN to be assigned for new packets at the target) from the source to the target eNodeB. Note that this also means a new signaling procedure on S1. (For more details on how to handle the S1 handover case, see the corresponding paragraph below.)
Proposal 1: To transfer the PDCP SN of forwarded SDUs it is proposed to use the available “PDCP PDU number” field within the GTP extension header. This mechanism shall be applied only for the X2 based intra-LTE handover case. 
Method to signal the next PDCP SN from source to target
For the signaling of the next PDCP SN that the target should use when assigning PDCP SNs to SDUs not having an SN yet, a new signaling message needs to be introduced between the eNodeBs. Note that it would not be a good solution to use the PDCP SN of the last forwarded SDU to derive the next PDCP SN, since the target eNodeB can never be sure which was the last forwarded SDU. 

Therefore a direct signaling message sent in the X2-AP is needed for this purpose. Sending this information in the user plane is not a preferred solution due to reliability reasons, i.e., the message can get lost and also due to complexity reasons, as it would require to define control frames in the user plane.
In parallel with the start of the data forwarding the source eNodeB shall stop assigning PDCP SN to SDUs and shall send the X2-AP message indicating the next PDCP SN that the target should continue with (i.e., the last PDCP SN assigned by the source + 1). For this purpose a new signaling message shall be introduced on X2-AP, which message could also be used to send the UL receiver status, for more details see [2]. Note that this message shall be sent also in case when there are no packets to forward.
This message shall be used only for the X2 based intra-LTE handover case.

Proposal 2: It is proposed to introduce a new X2-AP message sent from the source eNodeB to the target eNodeB in parallel with the start of the data forwarding, in order to indicate the next PDCP SN that the target should use when assigning PDCP SN to SDUs not having an SN yet.

Which forwarded SDUs shall be assigned a PDCP SN
The SDUs that have been PDCP processed and stored in the L2 buffer in the source eNodeB at the time of the handover already have a PDCP SN assigned. These SDUs necessarily have to be forwarded with their PDCP SN attached in order they can be resent with the same PDCP SN from the target and properly reordered by the UE. The rest of the SDUs, which have not been PDCP processed at the source, i.e., SDUs stored in the SDU buffer and SDUs incoming on S1, should be forwarded without a PDCP SN. These SDUs should get a PDCP SN assigned at the target according to the next PDCP SN to be used for new SDUs as indicated by the source in the X2 status message. Note also that in order the source can send the status message on X2 in parallel with the start of the data forwarding it needs to suspend assigning new PDCP SNs when it starts data forwarding, i.e., assigning PDCP SN to SDUs arriving later on S1 would not be possible. Sending the X2 status message early enough is important in order it reaches the target before the UE completes the handover, otherwise waiting for the X2 status message could delay the handover execution and increase the interruption time.
Proposal 3: The SDUs that have been PDCP processed at the source at the time of the handover should be forwarded with their PDCP SN attached. The rest of the SDUs, i.e., those that have not yet been PDCP processed at the source and those incoming later on S1 should not been assigned a PDCP SN and consequently, they should be forwarded without a PDCP SN.
Different solutions for the S1 and X2 based handover options
It remains to discuss whether the same principles of sequence number handling proposed above for the X2 based intra-LTE handover case should apply also for the S1 based handover option. Applying the same principles for the S1 based handover option would imply, first of all, that the SN status message sent over X2 in the X2 based handover case would need to be sent via the MME on S1, i.e., a new signaling message from source eNodeB to MME and another one from MME to target eNodeB would need to be introduced on S1. Moreover, when the indirect data forwarding is used in combination of the S1 handover, i.e., forwarding via the serving GW, the serving GW would be required to handle GTP extension headers (carrying the PDCP SN of the forwarded SDU) and copy the extension header from one GTP tunnel to the other during data forwarding.
We believe that the additional complexity that would be imposed when applying the same forwarding and PDCP SN handling principles in the S1 based handover as in the X2 based handover is hard to justify from a performance point of view. Therefore, we propose that neither PDCP SN status nor PDCP SN of forwarded SDUs should be transferred from source to target eNodeB during S1 intra-LTE handovers. 
As a consequence, the forwarded SDUs have to be in-sequence, i.e., cumulative forwarding of acknowledged SDUs should be applied instead of selective forwarding and the PDCP SN should be reset at the target. These principles are also better inline with the IRAT use case of the S1 handover procedure, where no PDCP status is transferred either. The use of cumulative instead of selective forwarding may result in some SDUs, received out of sequence at the source, being retransmitted from the target a second time and thereby using the radio interface duplicated. There might be SDU duplication to occur as well in case the HARQ/ARQ status is not up to date in the source at the time of the handover and the source forwards a packet that the UE has already received. This case can be easily eliminated by polling the UE for a reliable status report prior to handover execution. However, the out of sequence reception of SDUs and the potential SDU duplicates may be a rare case in itself and this is combined with the infrequent occurrence of S1 handovers makes the potential radio efficiency drawback of cumulative forwarding negligible. 
Proposal 4: For S1 intra-LTE handovers we propose not to use PDCP SN status transfer and PDCP SN transfer of forwarded SDUs. Instead, it is proposed to use cumulative forwarding of acknowledged SDUs (without a PDCP SN attached) and to reset the PDCP SN after the handover. RAN3 should inform RAN2 about the assumptions made on cumulative forwarding for the S1 handover case. 
3 Conclusion

We ask RAN3 to discuss the PDCP SN handling at intra-LTE mobility and agree on the principles proposed in this contribution and the corresponding CR to 36.300 [4]: 
· To transfer the PDCP SN of forwarded SDUs during an X2-based intra-LTE handover, it is proposed to use the available “PDCP PDU number” field within the GTP extension header. 
· It is proposed to introduce a new X2-AP message sent from the source eNodeB to the target eNodeB in parallel with the start of the data forwarding, in order to indicate the next PDCP SN that the target should use when assigning PDCP SN to SDUs not having an SN yet.
· The SDUs that have been PDCP processed at the source at the time of the handover should be forwarded with their PDCP SN attached. The rest of the SDUs, i.e., those that have not yet been PDCP processed at the source and those incoming later on S1 should not been assigned a PDCP SN and consequently, they should be forwarded without a PDCP SN.
· For S1 intra-LTE handovers we propose not to use PDCP SN status transfer and PDCP SN transfer of forwarded SDUs. Instead, it is proposed to use cumulative forwarding of acknowledged SDUs (without a PDCP SN attached) and to reset the PDCP SN after the handover. RAN3 should inform RAN2 about the assumptions made on cumulative forwarding for the S1 handover case.
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