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1
Introduction
The problem of unnecessary back and forth forwarding of packets from RN to eNB has been identified and discussed in [1] [2]. In this contribution, we first discuss the necessity to solve the unnecessary back and forth forwarding problem for Type I relay. Then depending on the different capability of DeNB monitoring the UE HO process of its subordinate RNs, we propose two options to solve the problem.
2
Discussion
2.1 Problems of back and forth forwarding
There are mainly two problems introduced by the unnecessary back and forth forwarding of packets,

a) Increased data latency

   During HO, the redundant 2-hop transmissions of user data (eNB to RN and RN to eNB) could incur user plane latency of about 10ms (1-hop transmission about 5ms); When considering other latencies, e.g. scheduling, the total introduced latency could potentially be even higher. 

 b) Wasted radio resources

   As shown in the fig.1, the wireless transmission loop (eNB-RN-eNB) is established since UE detaches until the End marker command from gateway arrives at RN. For each UE detached from RN, the wasted radio resources would be the Downlink + Uplink resources to forward the amount of UE DL data during the period.  The introduced low-power RN leads to the relatively small coverage area, the HO may be rather frequent, and thus the problem may be more severe.
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Fig. 1 The redundancy 

2.2 Potential options
Two options are proposed to solve the above problems. For option I, it is assumed that the DeNB doest not inspect/monitor the X2 signaling between RN and the target eNB; for option II, the DeNB should inspect the X2 signaling to more precisely monitor the UE HO process. The detailed description and discussion are as below.
2.2.1 Option I
The procedures for Option I are as shown in Fig. 2. DeNB stops forwarding UE DL data to the access RN when it identifies that UE is about to detach from RN. The UE DL data then is buffered at the donor eNB and would be directly forwarded to the target eNB later. The segment corresponding to the forwarding tunnel from the access RN to the donor eNB together with the DL route from the donor eNB to the access RN is thus bypassed. 
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Fig. 2 Option I procedures

Option I does not require DeNB to monitor the X2 messages exchanged between RN and the target eNB. The only requirement is that the donor eNB should be able to intercept the DL data for a specific UE associated with the RN.
Since the DeNB does not monitor the X2 Signals to/from RN, the starting of the data buffering for UE that is about to handover should be initiated by RN. For example, when RN receives the HO Req. ACK from the target station and start to build the tunnel for data forwarding (here the target station can refer to the DeNB, a different target eNB, a different RN under the same DeNB or a different RN under a different target eNB). In Fig. 2 we show the buffering on receiving “tunnel set-up command” (which could be a new RRC message including the UE information for DeNB to intercept its data) as the example. Once the DeNB starts buffering the UE DL data, it stops the corresponding UE DL data transmission to the access RN. 
Note: It is possible to further advance the time that RN notifies DeNB to buffer data. However, only when receiving HO. Req. ACK, RN confirms the HO from the target station. If RN advances the notification time, additional signaling mechanism is needed to cancel the DeNB buffer if the HO request is rejected. 

The donor eNB may send one or more "End Marker for Relay" (EM_R) packets to the access RN then it stops forwarding UE DL data to the access RN. When the access RN receives EM_R packets, it knows that the donor eNB would not forward DL data of the UE to it any more. When the DeNB receives EM_R from RN, it learns that all the DL data buffered on RN but not acknowledged by UE has been sent back to DeNB.
The SN STATUS TRANSFER message would be sent from the access RN to the DeNB after UE detaches from the access RN.  It conveys the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of radio bearers for which PDCP status preservation applies (i.e. for RLC AM). Following the message, the access RN forwards the RN buffered data to the DeNB. Higher priority may be given to these data to decrease the handover latency. At the DeNB, the received RN buffered data is in-sequence forwarded to the target eNB through the tunnel constructed. The donor eNB learns the end of RN buffered data on detection of an "EM_R". The EM_R packet would be discarded and the forwarding of the eNB buffered data starts. 
2.2.2 Option II
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Fig. 3 option II procedures
The procedures for Option I are as shown in Fig. 3. If the DeNB has the capability to more precisely monitor the UE HO process of its subordinate RNs, i.e. monitor the X2 signaling to/from RN, a new “Start Marker for Relay” (SM_R) packet could be inserted into the UE DL data as early as the DeNB receives HO req. from the access RN. The donor eNB buffers all the UE DL data following the SM_R. The time when SM_R is inserted should be selected such that all (or most of) the UE DL data before SM_R could be successfully delivered to UE before UE detaches. 
Both the donor eNB and the access RN can synchronize the UE DL data packets (PDCP SDUs) after the SM_R packet by setting packet following the SM_R as the first packet.  Once UE detaches, the access RN would send a Relay HO status report message to the donor eNB to inform the eNB which UE DL data packet has been successfully acknowledged and which one was not. Those non-acknowledged packets would be directly selected from the donor eNB buffer and forwarded to the target eNB. Transmission of these RN buffered data from the access RN to the donor eNB on the relay link is not needed any more. 

The Relay HO status report message should include the following information: 1) N1 - the SN of the SDU after which all the SDUs are not acknowledged; 2) the bitmap to indicate the SDUs before N1that are not acknowledged; 3) a bit indicates where there are still non-acknowledged SDUs before SM_R. Those non-acknowledged SDUs ahead of SM_R should be forwarded from the access RN to the donor eNB in-sequence following the status report message. The donor eNB would then forward the RN buffered data and eNB buffered data in order to the target eNB through the tunnel.
The DeNB can stop sending UE DL data to RN upon receiving HO. Req. ACK from the target station.  
2.2.3. Discussion
For convenience, we call the UE DL data buffered at the donor eNB after the eNB stops forwarding DL data to the access RN as the eNB buffered data. We call the UE DL data forwarded to the access RN but is not successfully acknowledged by UE before the UE detaches as the RN buffered data. The eNB buffered data does not occupy wireless resources but the RN buffered data loops on the wireless relay link. Therefore, we should try to minimize the size of the RN buffered data without interrupting the normal UE DL data transmission.
In option I, the wireless relay link transmission is saved for the eNB buffered data. However, the RN buffered data still occupies precious wireless resources. The amount of the RN buffered data can be simply decreased by properly advancing the time when the access RN sends tunnel set-up command. However, in this simple way, the RN buffered data cannot be eliminated as the requirement of maintaining normal UE DL data transmission before UE detaches. The estimation of the advanced time would be hard as the exact time that Handover Req. ACK command returns and UE detaches is unknown. 
Option II can entirely eliminate the transmission of the RN buffered data without interfering normal DL data transmission. However, compared with Option I, it would be more complex as DeNB may have to monitor the X2 signaling to/from its subordinate RNs,
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Fig. 4 Overall mechanism
2.2.4 The overall procedures

The overall handover procedure of the proposed procedures is shown as in Fig. 4. Those red arrows represent the commands/data different from the legacy ones. The command/data only for the Option I (section 2.2.1) is green blocked, and that only for option II (section 2.2.2) is red blocked. 
3 Conclusions & Proposals
In this contribution, management of UE handover for Type I relay was analyzed, and solutions were suggested for these subjects. 
Specifically, we propose the following:
Proposal 1: If DeNB does not monitor the X2 signaling to/from its subordinate RNs, DeNB could start buffering the DL data towards the UE associated to RN, once it receives the notification from RN that the UE is about to handover.
Proposal 2: If DeNB monitors the X2 signaling to/from its subordinate RNs, DeNB could start buffering the DL data towards the UE associated to RN, once the UE prepares to handover, and stop forwarding the DL data to RN once the handover is confirmed.
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