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1. Introduction
Handover performance with the introduction of relay node in the transmission path was discussed in RAN2 68bis meeting. Based on the analysis shown in [1] and the discussion, it is agreed that benefits of smart forwarding are not obvious and hence the handover optimisation involving relay nodes are not further discussed during the WI phase. [1] mainly addressed the handover performance considering the downlink traffic. Even though the additional delay incurred due to the transmission over the Un interface is considered in the analysis, no solutions are seen which would reduce the transmission delay over the Un interface. The additional transmission delay is one factor which would degrade the performance when considered to the system which doesn’t have relay transmission. The previous discussion on the handover involving relay does not analyse the performance for uplink traffic during the handover. 

In sequence delivery of data traffic to transport layer is important to guarantee the effective operation of the transport protocols (eg: TCP). In E-UTRAN, “in-sequence delivery and duplicate elimination” function is included at PDCP layer to guarantee the in-sequence delivery of the packet to the higher layer. In this contribution, we discuss how to enable in-sequence delivery of the data in transmission involving relay network. More over, the support of in-sequence delivery for data during handover is discussed for intra-DeNB and inter-DeNB handover.
2 Discussion
RN acts as eNB to the UEs connected to the RN.  This means the PDCP layer at the RN performs the “in-sequence delivery and duplicate elimination” functions for the UL traffic during Handovers.  The RN connects to the DeNB, hence the DeNB performs the eNB functions for the RN DRBs

For RLC-AM DRBs, according to the Rel-8/9 handover procedure, the source eNB sends the SN STATUS TRANSFER message to the target eNB to convey the uplink PDCP SN receiver status of E-RABs. The uplink PDCP SN receiver status includes at least the  PDCP SN of the first missing UL SDU and may include a bit map of the receive status of the out of sequence UL SDUs that the UE needs to retransmit in the target cell, if there are any such SDUs. 

During the handover, the source eNB forwards to the serving gateway the uplink PDCP SDUs successfully received in-sequence until the sending of the SN status transfer message to the target eNB. Then at that point of time the source eNB stops delivering uplink PDCP SDUs to the S-GW and shall discard any remaining uplink RLC PDUs. Correspondingly, the source eNB does not forward the uplink RLC context to the target eNB. 

Upon handover, the “in-sequence delivery and duplicate elimination” function at the target eNB PDCP layer guarantees the in-sequence delivery of uplink PDCP SDUs. 

Note that the source eNB stops transmitting uplink traffic to the serving gateway at the time SN status transfer message is transmitted to the target eNB. Upon the reception of RRC connection reconfiguration complete message (which indicate the successful access of UE to the target eNB), the target eNB starts transmitting UL traffic received in sequence to the serving gateway. This sequence of messages guarantees the in-sequence delivery of the uplink data to the serving gateway.

The handover procedure explained above is also applicable to the handover involving relay node. Note that both RN and the DeNB perform “in-sequence delivery and duplicate elimination” functions for the UL traffic. An example handover procedure with relay node in the transmission path is shown in Figure 1. It is assumed that the UE is handover from RN1 to eNB2 in the example. The handover signalling flow can be seen in Figure 2.
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Figure 1: an example of UE handover scenario in relay network
Upon handover, the RN generates the SN status transfer message based on the last PDCP SDU received in- sequence over the Uu interface. The PDCP SDUs received in-sequence is placed in the transmission buffer for the transmission over the Un interface to the target eNB through the DeNB. From the RN point of view it is assumed the data in the transmission buffer are delivered to the Serving gateway. Over the Un interface, the data experiences additional delay due to the transmission over the un interface. More over, the data may require ARQ retransmission for the correct delivery to the DeNB due to the characteristics of the wireless channel. Even though, the RN stop transmitting any PDCP SDUs to the serving gateway after generating SN Status transfer message (step 8), the DeNB does not stop the delivery of uplink packets to the serving gateway. 
After successful handover (step 11) the target eNB transmits the uplink packets which are received in sequence to the serving gateway. In the mean time, the DeNB also delivers the UL traffic to the serving gateway. Due to the Un transmission delay and the ARQ re-transmission delay over Un interface, it is possible for the serving gateway to receive uplink packets from the DeNB and the target eNB at the same time or the uplink packet delivered from the target eNB may arrive at the serving gateway prior to the arrival of uplink packets from the DeNB.  This results in uplink packets to be arrived at the serving gateway in out-of-sequence. The transmission paths for the UL data is shown in Figure 3. The serving gateway receives the data via transmission path 2 & 3 and/or path 4.  The issue arises when packets through path 4 arrives at S-GW before packets through path 2,3.
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Figure 3: possible transmission path for UL data during the handover.
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Figure 2: the handover signalling flow involving relay network 

Observation 1: For RLC-AM DRBs, during handover, the data from the DeNB and the data from the target eNB may arrive at the serving gateway out-of-sequence due to the transmission delay resulted from the ARQ re-transmission and latency on the Un interface.

For RLC-UM DRBs, the source eNB forwards all uplink PDCP SDUs successfully received to the serving gateway and discards any remaining uplink RLC PDUs. The PDCP SN and HFN are reset in the target eNB. No PDCP SDUs are retransmitted in the target eNB. It is assumed that RLC-UM DRBs over the Uu interface are mapped onto RLC-UM Un DRBs. Therefore, no latency is resulted from the ARQ re-transmission on the Un interface. However, due to the Un transmission latency, it is still possible for the uplink traffic from DeNB and the target eNB to be arrived at the source gateway in out-of-sequence. Even though the situation is not as sever as the case for RLC-AM DRBs, the problem exists to some extend even for the RLC-UM traffic.
Observation 2: For RLC-UM DRBs, during handover, the data from the DeNB and the data from the target eNB may arrive at the serving gateway out-of-sequence due to the transmission delay over the Un interface. Even though it’s not as severe as for RLC-AM DRBs, the problem may exist for RLC-UM DRBs.
3 Conclusion and proposals
This contribution analysed the support for in-sequence delivery for uplink traffic when relay node is in the transmission path. The following observations are made:
Observation 1: For RLC-AM DRBs, during handover, the data from the DeNB and the data from the target eNB may arrive at the serving gateway out-of-sequence due to the transmission delay resulted from the ARQ re-transmission and latency on the Un interface.

Observation 2: For RLC-UM DRBs, during handover, the data from the DeNB and the data from the target eNB may arrive at the serving gateway out-of-sequence due to the transmission delay over the Un interface. Even though it’s not as severe as for RLC-AM DRBs, the problem may exist for RLC-UM DRBs.
RAN2 is requested to discuss the issues highlighted in this contribution and decide on the seriousness of the problem thus possible solutions could be investigated. 
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