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1. Introduction
It has been agreed that outer ARQ will terminate in the eNodeB and that PDCP will terminate in the aGW. In the pre-LTE architecture, both outer ARQ and PDCP are terminated in the RNC. To guarantee lossless inter-RNC handovers in acknowledged mode (AM), the lossless SRNS relocation procedure is used. When a Radio Bearer (RB) is configured for lossless SRNS relocation, a PDCP sequence number (SN) is added to the PDCP header to help the UE and the RNC let each other know of the next expected receive_SN from the peer entity. The RLC protocol gets reset for every SRNS relocation. 
With the new LTE architecture, the outer ARQ protocol will get relocated for each inter –eNodeB handover, which will be far more frequent than SRNS relocations. Hence it becomes important to have a mechanism for outer ARQ context transfer to ensure efficient use of air-interface bandwidth. To rely on the procedure used for lossless SRNS relocation in the pre-LTE architecture will be inefficient. This is because PDCP will get terminated in the aGW and bulk of the data will get buffered at the eNodeB. In addition, reusing the procedure of exchanging Next_Receive_SN between the UE and the aGW will involve additional delay and signaling between the eNodeB and the aGW. 
Moreover, because outer ARQ will get relocated more often with its termination at the eNodeB, it will result in poor performance if the outer ARQ state is reset each time there is a handover.  Therefore, we recommend that lossless handovers are handled at the outer ARQ level by use of an outer ARQ context transfer mechanism. 

2. Outer ARQ context transfer
The description that follows assumes acknowledged mode RLC although it is understood that the outer ARQ for LTE may not be identical to RLC is all aspects. We show how we can use outer ARQ context transfer for acknowledged mode (both transmit-side and receive-side) between eNodeBs to ensure efficient lossless inter-eNodeB handovers. Such a context transfer will prevent the eNodeBs from using overlapping sequence numbers, and to enable them to match acknowledgments from the UE with the corresponding downlink PDUs sent from the old eNodeB. The new eNodeB gets information from the old eNodeB on what uplink blocks need to be acked or nacked.
After a handover occurs, the old eNodeB transfers the following to the new eNodeB for downlink traffic (see Figure 1):

1. All new data that have never been transmitted over the air. 
2. The sequence number up to which all blocks have been acked by the UE. (VT(A))
3. The sequence numbers of blocks, beyond the block in item 2, which have been acked by the UE.

4. The set of blocks (and their sequence numbers) that has been (re-)transmitted to the UE for which there has been no ack or nack for the most recent (re-) transmission.
5. The set of blocks (and their sequence numbers) that has been (re-)transmitted to the UE for which the most recent (re-)transmission has been nacked, but which has not been retransmitted yet.
6. Variables and timers related to polling: Current values of timers, such as, poll timers and poll prohibit timers, and current values of variables, such as, number of PDUs/SDUs transmitted since the last time a poll bit was sent (VT(PDU)/VT(SDU)). It is understood that the transfer of contexts will take a finite amount of time. A simple approach to handling these timers is to not transfer anything, and the target eNodeB can conservatively assume that the poll timers have expired. Alternatively, more advanced techniques could be considered.
7. Variables and timers related to SDU discard feature: Count of the number of times a given PDU has been transmitted (VT(DAT)), Timer_Discard, etc. 
8. Variables related to transmit-side window sizes: maximum window size state variable (VT(WS)), and maximum send state variable (VT(MS)). 
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Figure 1. Illustration of context for downlink traffic

When the new eNodeB receives acks or nacks for the blocks transmitted by the old eNodeB, it can match the sequence number that is being acked or nacked with the sequence numbers that were used by the old eNodeB because it has this context information from the old eNodeB. When the new eNodeB receives a nack for a block previously sent by the old eNodeB, then it retransmits the block. 
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Figure 2. Illustration of context for uplink traffic

The old eNodeB transfers the following receiver-side context information to the new eNodeB for uplink traffic (see Figure 2):

9. The sequence number up to which all blocks have been acked by the old eNodeB (VR(R)). We are also assuming that these blocks will be sent by the old eNodeB directly to the AGW. 

10. The set of sequence numbers (beyond the number in item 9) for which nacks have been sent to the UE

11. The set of sequence numbers for which NACKs need to be sent to the UE
12. The set of sequence numbers of blocks which have been successfully received by the old eNodeB, but for which acks need to be sent to the UE

13. If in-order delivery is required (in which case the old eNodeB would not have transferred the successfully decoded blocks beyond the sequence number in item 9 to the AGW), the old eNodeB transfers those blocks that have been successfully received but not yet sent to the AGW. If in-order delivery is not required (in which case the old eNodeB would have already transferred the successfully received blocks beyond the sequence number in item 9 to the AGW),  the old eNodeB lets the new eNodeB know the sequence numbers of all those blocks (beyond the sequence number mentioned in item 9) that were successfully received and transferred to the AGW 
14. Variables and timers related to window sizes on the receiver-side, such as, Highest expected state variable (VR(H)), maximum acceptable receive state variable (VR(MR)).

15.  Variables and timers related to sending of status PDUs, such as, Timer_status_prohibit, Timer_status_periodic.
A similar analysis can be applied to the unacknowledged mode to show that UM context transfer is possible. 
3. Conclusions
The purpose of this paper has been to show, based on analysis of the current RLC, that outer ARQ context transfer from source to target eNodeB is possible. Obviously the details of the context transfer will vary depending on the details of the LTE outer ARQ.

It is recommended that RAN3 agree that 
1) Lossless handovers are handled by means of an outer ARQ context transfer mechanism

2) In view of the above proposal of using outer ARQ context transfer, remove the sequence numbering being performed by the PDCP layer
