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1. Introduction

The signalling flow for the control plane signalling with coordination between the RRC signaling and pausing/resuming of the U-plane data to achieve Lossless/Seamless Intra-LTE Handover is discussed in [1]. To achieve the lossless/seamless handovers there are certain requirements that need to be fulfilled by the outer ARQ entities.
In this contribution we discuss these Outer ARQ requirements to support Lossless/Seamless HO for Intra LTE Handover
2. Discussion

In order to support lossless/seamless handover following requirements needs to be supported by the outer ARQ entities.

2.1 SDU Level Buffer Management

The re-establishment of a new link layer connection with target eNB during inter eNB handover causes the outer ARQ layers of source eNB as well as the UE to flush out the RLC PDUs from the outstanding transmit and re-transmit buffers. The flushing of outstanding radio frames produces noticeable impact on the performance of end-to-end application.

In order to minimize or eliminate packet loss during intra-LTE inter eNB handover, it is necessary that the outer ARQ entity maintains a new SDU buffer management entity for both the AM and UM mode as shown in Figure 1. The SDU buffer management entity buffers the incoming PDCP packet before sending that to segmentation entity within the outer ARQ layer.  
The feedback form the PDU Retransmission and Buffer management entity to the SDU buffer management entity in the AM mode, through the new interface shown in red in Figure 1(a), will be sent once it can infer that all the segments belonging to a SDU has been successfully delivered to the ARQ layer of the peer device. For example, eNB PDU Retransmission and Buffer management entity will send this trigger when it is able to decide that all the segments belonging to a SDU has been successfully received by the UE ARQ layer. SDU buffer management entity uses this information to flush the SDU stored in its buffer when indicated by the PDU Retransmission and Buffer management entity trigger.
Similarly, for UM mode outer ARQ entity, Transmission Buffer entity would send a feedback, through the new interface shown in red in Figure 1 (b) , to  SDU buffer management entity once all the PDUs belonging to a SDU has been submitted to the MAC for transmission.  SDU buffer management entity shall flush the buffer accordingly.
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Figure 1(a) : Model of an acknowledged mode sending entity   Figure 1( b ) : Model of an  un acknowledged mode sending entity  


When stopping the ARO entity during HO, the PDU Retransmission and Buffer management entity for AM and Transmission Buffer entity for UM would also send the feedback to the SDU buffer management entity so that it could update its SDU buffers. 

On the network side, SDU buffer management entity shall forward only the undelivered DL SDU form the source eNB to target eNB to ensure zero downlink packet loss and minimising transmission of duplicate packets. A new primitive form RRC layer needs to be defined to indicate to the SDU buffer management entity to start forwarding the buffered packet from source eNB to the target eNB through the tunnel established over the X2 interface.  
At the UE, the SDU buffer management entity will send the buffered packet on resumption of data flow in the UL after HO is completed (i.e after sending HO Complete) , through the target eNB to ensure zero uplink packet loss and minimising transmission of duplicate packets.
2.2 Unidirectional stopping of the Outer ARQ entities
Since we need to stop the data transmission in the source eNB and UE at the time of handover execution, it needs to be emphasised that suspending the user plane data transfer in both direction as in conventional REL 6 RLC entity would result in data loss as the data packets in flight will be discarded by the RLC entity that has been stopped. Hence for a LTE system where there will be hard handovers, it is necessary that the Outer ARQ entity stops transmissions but continue to receive the packets to avoid any data loss. 
Before submitting HO Command to the lower layers, the RRC entity in eNB would command the Outer ARQ ENTITY UP entities to stop the DL transmission. The UL reception could continue. In case receiving entities are UM Outer ARQ ENTITY entities, it will reassemble SDUs and transfer them to the upper layers as soon as all PDUs that contain the SDU have been received. As regards the AM Outer ARQ ENTITY entities, if a Piggybacked ACK/NACK feedback is found in an AMD PDU, it is delivered to the Retransmission buffer & Management Unit at the transmitting side of the AM Outer ARQ ENTITY entity, in order to purge the buffer of positively acknowledged AMD PDUs. Similarly on receiving the HO Command the RRC entity in the UE would command the Outer ARQ ENTITY UP entities to stop the UL transmission.
This functionality would therefore require a primitive from RRC which will indicate the direction in which the data flow needs to be stopped. 

2.3 Status update between peer Outer ARQ entities before or after HO
In order to transfer the context and forward the data to support lossless inter eNB HO , it is necessary that the source eNB is able to synchronize the data transmission status between itself and target data eNB during HO.  This would in turn require that the data flow should be stopped at appropriate instant in time during HO execution phase considering that the interruption time for the user plane data is minimal. If the Outer ARQ entity sends a status report before stopping the data flow in a particular direction, it would facilitate the source eNB and the UE to get know the exact data transmission status before stopping the transmission during HO execution. After the HO the data transmission can resume without the need to transmit any duplicated packets over the air interface.
This functionality would require a primitive from RRC which would indicate the outer ARQ entities to send a Status PDU before stopping a data.

Alternatively, the Outer ARQ layer could inform the RRC layer in the UE, the status of the packets received correctly and this will be included in RRC HO Complete Message to the target eNB. RRC in target eNB would indicate to the outer ARQ entity to resume DL transmission starting with the DL Sequence Number indicated by the UE to avoid duplicated packets being transmitted over the air interface.
 This would require a primitive between RRC and outer ARQ entities to indicate the sequence numbers.

3. Conclusion
In this paper, we discuss in detail the outer ARQ functionality needed for supporting the lossless/seamless inter eNB handover while aiming to keep transmission of duplicate packet to a minimum. The three requirements identified are 

1. SDU level Buffer management

2. Unidirectional stopping of Outer ARQ entities during HO

3. Status update between peer Outer ARQ entities before or after HO

It is proposed to discuss and select one of the two alternatives presented in requirement 3 and to capture the Outer ARQ functional model and requirements in the Stage 2 TS.
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