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1. Introduction 
During a relay handover, there could be unnecessary forwarding of data packets from the RN to the donor eNB (DeNB) over the Un interface [1][2]. In RAN2 #66bis, we proposed using joint PDCP protocols on the Uu and Un interface that reduce the amount of data forwarding [2]. In this contribution, we further elaborate on their applicability to different relay architectures [3].
2. Joint PDCP protocol on Uu and Un interfaces

The following is a review on the joint PDCP protocol proposed in [2]. In the design as shown in Figure 1, the PDCP1 on the Uu interface and PDCP2 on the Un interface are independent.  An eNB will remove a PDCP PDU from its buffer once the packet has been received by the RN (in RLC-AM case) or transmitted to the RN (in RLC-UM case). If a handover happens, the RN will need to forward all its buffered packets back to the DeNB via the Un interface in order to avoid any data loss. These packets will be further forwarded by the DeNB to the new target node if it is different from the DeNB.  A joint PDCP protocol proposed in [2], on the other hand, defines the PDCP on the Uu and PDCP’ on the Un interfaces jointly as shown in  Figure 2. It will allow the DeNB to remove a PDCP PDU from the eNB buffer only after it has been received by the UE or transmitted to the UE through the following mechanisms: 

1. sending a periodic or event triggered PDCP status report from the RN to eNB to inform the eNB what has been received by UE or what has been transmitted to UE; and
2. jointly defining PDCP SNs on Un and Uu interfaces
. 
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Figure 1. Independent PDCP protocols on Un and Uu interfaces
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       Figure 2. Relay protocol stack on Uu and Un interfaces with joint PDCP
The joint PDCP SN mechanism on Uu and Un interfaces is briefly explained here (for details please refer to [2]). In Figure 3, when two PDCP protocols on Uu and Un interfaces are jointly defined, a RN can translate the SNs that are transmitted to the UE to the PDCP’ SNs that are received from the DeNB. So the RN needs to maintain a mapping table between these two SNs.  Furthermore, the RN sends the PDCP status reports on what PDCP’ PDUs have been transmitted to the UE (RLC-UM) or received by the UE (RLC-AM).  After the DeNB receives the status report, it will remove the PDCP’ PDUs that are received by the UE or transmitted to the UE. By doing this, all the packets buffered at the RN should still be in the DeNB’s buffer.  The mapping at the RN and the status report can link them together. If a handover happens, the buffered packets at the RN do not need to be forwarded back to the DeNB and thus the data forwarding on the Uu interface can be avoided. 
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Figure 3. Joint PDCP PDU numbering at Uu and Un interfaces
3. Joint PDCP protocol under different relay alternatives

In this section, we apply the joint PDCP protocol to the mobile handover from a RN to a target eNB under different relay architecture options. 
3.1. Alternative 1: Full L3 relay, transparent for DeNB
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Figure 4. U-plane for relay alternative 1 [3]
In alternative 1, the U-plane of S1 interface is terminated at the RN. The U-plane packets of a UE served by the RN are delivered via Relay’s P/S-GW as if were it an eNB. The UE’s P/S-GW maps the incoming IP packets to the GTP tunnels corresponding to the EPS bearer of the UE and sends the tunnelled packets to the IP address of the RN. The tunnelled packets are routed to the RN via the Relay’s P/S-GW. EPS bearers of different UEs connected to the RN with similar QoS are mapped in one radio bearer over the Un interface [3]. 

The following is one possible procedure of using joint PDCP protocol during a relay to target eNB handover:
1. As shown in Figure 5, the RN sends the Handover request message the target eNB via the DeNB and the PGW/SGW.    
2. The DeNB needs to be notified of the handover and the context of the handover. After the RN sends out the X2-based Handover request message, it will send an X2-based Handover Proxy message to the DeNB.  The context information such as RN CGI, DeNB CGI, one or more UE bearer GTP tunnelling TEID, and configuration of one or more RN radio bearer that correspond to the UE’s GTP tunnelling, is carried in the Handover Proxy message in order for the DeNB to facilitate smart forwarding. 
3. With the forwarded context in the Handover Proxy message, the DeNB will be able to identify the buffered packets that belong to the UE which has initiated the handover. 
a. The DeNB first identifies the flows that belong to the corresponding RN CGI.
b. The DeNB then identifies the PDCP queue this UE belongs to based on the RN radio bearer configuration context. 
c. Furthermore, the DeNB needs to check the GTP/UDP/IP header of each packet in the above PDCP buffer to identify the packets that belong to the UE which has triggered the handover.
4. In order to further reduce the convoluted data forwarding for late arrivals, the DeNB can function as proxy S1 termination and extract the UE traffic out of the incoming flows after it receives the Handover Proxy message. This will require the DeNB to process all the packets that come in by reading the inner GTP tunnelling header first (for RN radio bearer) and then reading the outer GTP tunnelling header afterwards (for UE radio bearer). 
5. Then DeNB will forward packets to the new target node.  
Note that the similar procedure can apply for alternative 3 as well. 
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Figure 5. Handover flow with joint PDCP protocol for Alt 1 
3.2. Alternative 2: Proxy S1/X2, RN looks like cell under DeNB
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Figure 6. U-Plane for relay alternative 2 [3]
In this alternative, the U-plane of S1 interface is terminated at the RN and the DeNB. The S-GW serving the UE maps the incoming IP packets to the GTP tunnels corresponding to the EPS bearer of the UE and sends the tunnelled packets to the IP address of the DeNB. Upon the DeNB receiving the tunnelled packets from the S-GW, the received packets are de-tunnelled, and the user IP packets are mapped to the GTP tunnels again and sent to the IP address of the RN. EPS bearers of different UEs connected to the RN with similar QoS are mapped in one radio bearer over the Un interface [3].
Figure 7 is one possible procedure of using the joint PDCP protocol during a relay to target eNB handover:

1. The UE context information is forwarded within Handover request message and shall at least include UE bearer GTP tunnelling TEID and RN radio bearer context.  

2. With the forwarded context information, the DeNB will be able to identify the buffered packets that belong to the UE which initiates the handover. 
a. The DeNB needs to first identify the PDCP queue this UE belongs to based on the RN radio bearer configuration context.  
b. Furthermore, the DeNB needs to identify the buffered packets in the above PDCP queue that belong to the UE which has triggered the handover.  Since the DeNB has per-UE radio bearer information, it can keep a PDCP subqueue for each UE radio bearer so that the processing overhead can be greatly reduced. 
3. For all the buffered packets and the late arrived packets, the eNB can access the UE bearers so that it can directly forward these packets to the target eNB. 
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Figure 7.  Handover flow with joint PDCP protocol for Alt 2

3.3. Alternative 4: S1 termination in DeNB
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Figure 8. U-plane for relay alternative 4 [3]
In this alternative, the U-plane of S1 interface is terminated at the DeNB. The S-GW serving the UE maps the incoming IP packets to the GTP tunnels corresponding to the EPS bearer of the UE and sends the tunnelled packets to the IP address of the DeNB. Upon the DeNB receiving the tunnelled packets from S-GW, the received packets are de-tunnelled, and the inner user IP packets are mapped to the Un radio bearers corresponding to the EPS bearer of the UE. Each EPS bearer of UE connected to the RN is mapped to separate radio bearer over the Un interface [3]. 
As mentioned in [2], in Alt 4, a logical flow ID can be established between peer PDCP entities at the DeNB and the relay to uniquely identify a particular UE and RB combination. 
Figure 9 is one possible procedure of using the joint PDCP protocol under alternative 4:

1. The context information is forwarded within Handover request message and shall include UE logical flow ID and RN radio context. 
2. After receiving the Handover request message, the DeNB will be able to identify the buffered packets that belong to the UE which initiates the handover. 

a. If the RN radio bearer contains multiple UE radio bearers, the eNB needs to first identify the PDCP queue this UE belongs to based on the RN radio bearer configuration context.  If the RN radio bearer is per UE radio bearer based, this step can be skipped. 
b. Furthermore the eNB needs to check the logical flow ID of each packet in the above PDCP buffer to identify the packets that belong to the UE which has triggered the handover. The DeNB can keep a PDCP subqueue for each logical flow ID so that the processing overhead can be reduced. If the RN radio bearer is per UE radio bearer based, there is only one level of PDCP queue that corresponds to each logical flow ID. No PDCP subqueue is needed  
3. For the late arrived packets, the DeNB can directly access the UE radio bearer. The eNB will directly forward all the buffered packets and late arrivals to the new target node.
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Figure 9. Handover flow with joint PDCP protocol for Alt 4
4. Conclusions
The current handover will not be able to achieve efficient downlink data handling in a relay network handover for the smart forwarding.  This contribution elaborates the details of the smart forwarding/joint PDCP techniques to enhance Type I relay handover performance under different relay architectures.
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