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1. Introduction 
Relaying is considered for LTE-Advanced as a tool to improve e.g. the coverage of high data rates, group mobility, temporary network deployment, the cell-edge throughput and/or to provide coverage in new areas. With the introduction of relay nodes, we need to deal with more the handover scenarios.  In this contribution we will address the mobility issues related to a Type I relay network and propose to use joint PDCP design on Uu and Un interface to improve relay handover performance.
2. Handovers in a relay network 

In [3]

 REF _Ref232348754 \r \h 
[4] , the six most frequent handover scenarios are identified. We further limit our discussion in this contribution into the following four scenarios without loss of generality:  
Scenario 1. UE moves from relay coverage to the coverage area of its serving domain eNB (DeNB).
Scenario 2. UE moves from relay coverage to the coverage area of the neighbouring DeNB.
Scenario 3. UE moves from relay coverage to the coverage area of another relay associated with a neighbouring DeNB.
Scenario 4. UE moves from relay coverage to another the coverage area of  a relay associated with the same DeNB.
For these four handover scenarios, we are facing the following data handling issues on downlink.

	Problems with a relay handover 
	Problem exists?

	
	if S1 terminates at relay
	if S1 terminates at eNB

	· Redundant data forwarding on the Un interface.  When RLC is unacknowledged, the PDCP SDUs in the relay node for which the transmission in the downlink have not yet been completed by RLC, have to be forwarded to the donor eNodeB via the wireless backhaul link. When RLC is acknowledged, the relay node has to forward to eNB the unacknowledged PDCP PDUs. These packets are originally transmitted from the DeNB to the relay via the Un interface and now need to be forwarded back to DeNB via the Un interface.


	Yes
	Yes

	· Convoluted data handling during S1 path switch.  Since the S1 termination point is at the relay node, every handover involves an S1 path switch.  Before an S1 path switch (Step 14 in Figure 13) but after the eNB sends a handover request ACK (Step 5 in Figure 13), the eNB is ready for handover. However, it still has to send all the packets received before the S1 path switches to the relay node. These packets must then be forwarded back to eNB. This convoluted data handling will cause considerable bandwidth waste over the wireless backhaul and more importantly, will increase UE handover delay and interruption time.

	Yes
	No


In this contribution, we propose to use joint design of PDCP protocols on Uu and Un to reduce redundant data forwarding and convoluted data handling on wireless backhaul.  Figure 5 to Figure 8 show the data forwarding for different relay handover scenarios with and without improvements if S1 terminates at relay. Figure 5 to Figure 8 show the data forwarding for different relay handover scenarios with and without improvements if S1 terminates at DeNB. 
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Figure 1. Scenario 1 handover improvement: S1 terminates at relay
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Figure 2.  Scenario 2 handover improvement: S1 terminates at relay
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Figure 3. Scenario 3 handover improvement: S1 terminates at relay
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Figure 4. Scenario 4 handover improvement: S1 terminates at relay
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Figure 5. Scenario 1 handover improvement: S1 terminates at eNB
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Figure 6. Scenario 2 handover improvement: S1 terminates at eNB
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Figure 7. Scenario 3 handover improvement: S1 terminates at eNB

[image: image8.emf]S-GW/MME

DeNB

Relay Node

UE

Data forwarding 

via X2 

UE

Relay Node’

S-GW/MME

DeNB

Relay Node

UE

UE

Relay Node’

S1 S1


Figure 8. Scenario 4 handover improvement: S1 terminates at eNB

3. Mechanisms to improve relay handover performance

In order to achieve the above ideal data handling, 

1. DeNB needs to be aware of what PDCP PDUs have been received by UE so that relay does not need to do data forwarding. 
2. DeNB only discards a PDCP PDU once it is received by UE in RLC-AM mode or transmitted to UE in RLC-UM mode. 
3. DeNB should stop sending packets to relay once it knows that a handover is about to happen. 

3.1. Joint PDCP Sequence Numbers on Uu and Un interfaces 

With the current Rel-8 design, the eNB will remove a PDCP PDU from its buffer after the PDU has been acknowledged by the relay (in RLC-AM case) or transmitted to the relay (in RLC-UM case).  If we can allow the eNB to remove a PDCP PDU from its buffer only after the PDU has been received by UE or transmitted to UE, then the need for relay to forward data once a handover happens can be greatly reduced. This means the eNB will have a similar capability of end-to-end ACK/NACK between the eNB and UE. This is achieved by 
1. Sending a periodic or event triggered PDCP status report from the relay node to eNB to inform it of  has been received by UE or what has been transmitted to UE; and  
2. The use of associated PDCP sequence numbers (SNs) on the Un and Uu interfaces
As shown in Figure 9, there are two different sets of protocol stacks on the Un and Uu interfaces. PDCP1 is defined per UE radio bear based on the Uu interface and PDCP2 is defined per relay radio bearer based on the Un interface.  In the current relay design, there is no coordination between PDCP1 and PDCP2. The relay node knows what has been and what has not been received by UE through RLC1 and PDCP1 SN. The DeNB knows what has been received and what has not been received by relay node through RLC2 and PDCP2.  It has no knowledge of what has been received by the UE.  When a handover happens, in order not to lose data, the relay has to forward data on the Uu interface. Consequently, the UE will experience longer interruption time or more packet loss during a handover.  

If two PDCP protocols, namely PDCP and PDCP’, on the Uu and Un interfaces are jointly defined as shown in Figure 10, a relay can translate PDCP SNs that have been received by UE to PDCP’ SNs that have been received from the DeNB. Furthermore, the relay sends this information in a PDCP status report to the eNB. So finally the DeNB will know what PDCP’ SNs have been received by UE. After receiving the PDCP status report, the eNB will safely remove the corresponding PDCP’ PDUs from eNB buffer.
In reality, the PDCP PDUs received by relay on Un interface and PDCP PDUs transmitted by relay on Uu interface could be in different orders or even different in context.  Two examples are:

1. If Un interface drops PDCP PDUs

2. If a Un radio bearer (RB) contains multiple UE RBs
Therefore, there should be a mapping between PDCP SNs received by relay and PDCP SNs transmitted by relay.  In the case a radio bearer (RB) (and the corresponding PDCP entity) on the Un interface carriers multiple RBs of one or more UEs, there needs to be a means for the relay to determine which UE/RB a PDCP packet maps to. This should be easily achieved by the relay if S1 terminates at relay. If the S1 interface is terminated at the eNB, the relay cannot rely on GTP to provide the mapping. The PDCP packet carrying information for an RB of a UE needs to contain information that uniquely identifies the corresponding UE/RB. 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. This mapping of a logical flow ID to UE-RB combination can be done through signalling (e.g. RRC signalling) between the eNB and the RN, when a new RB is added on the Uu interface for a UE. 
Let’s look at how a relay handover will be improved by using the examples in Figure 11 and Figure 12. PDCP PDUs 1-14 are transmitted by the DeNB; 1-11 are received and ACKed by the relay node; 1-11 are transmitted by the relay to UE; 1-8 are received and ACKed by UE. Based on the original approach as shown in Figure 11, the DeNB will remove PDCP’ PDUs 1-11 once it receives ACK from the relay. ACK from the relay in this case informs eNB what has been received by the relay (NOT UE). If a handover happens now, relay node will need to forward PDCP PDUs 9-11 back to the DeNB. But with a joint PDCP design in Figure 12, the DeNB will only remove PDCP PDUs from its buffer after it receives a PDCP status report. The relay will do a mapping first: map what are received by UE to what are received from the DeNB. After that, relay will send a PDCP status report to the DeNB to tell what has been received by UE. Therefore, the DeNB will remove PDUs 1-8 from its buffer. If a handover happens now, the DeNB has all the PDUs that have not been received by UE. The relay does not need to do any data forwarding in this case.
Proposal 1:  There should be a one-to one mapping of sequence numbers of the PDCP PDUs sent on the Uu and Un interfaces and the mapping should be known by the relay. 
Proposal 2:  A PDCP status report from relay to eNB should be triggered or sent periodically to inform the eNB of what has been received up to date.
Proposal 3: During a relay handover, no data forwarding is done on Un interface. All data forwarding is done between eNBs if needed. 
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Figure 9. Original protocol stack on Un and Uu interfaces
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Figure 10. Improved protocol stacks for relay handover 
[image: image11.emf]1 4 3 2 5 6 7 10 9 8 11 12 13 14

1 4 3 2 5 6 7 10 9 8 11

1 4 3 2 5 6 7 10 9 8 11

1 4 3 2 5 6 7 8

DeNB transmission

Relay received

Relay transmission

UE received

ACKed on Un 

ACKed on Uu

Packets are removed from  DeNB PDCP buffer

and discarded

Packets that need to be 

forwarded to DeNB

during handover

PDCP 1

PDCP 2

No 

coordination

x

1 4 3 2 5 6 7 10 9 8 11 12 13 14

1 4 3 2 5 6 7 10 9 8 11

1 4 3 2 5 6 7 10 9 8 11

1 4 3 2 5 6 7 8

DeNB transmission

Relay received

Relay transmission

UE received

ACKed on Un 

ACKed on Uu

Packets are removed from  DeNB PDCP buffer

and discarded

Packets that need to be 

forwarded to DeNB

during handover

PDCP 1

PDCP 2

No 

coordination

x


Figure 11. Independent PDCP PDU numbering at Uu and Un interface 
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Figure 12.  Joint  PDCP PDU numbering at Uu and Un interface

3.2. Early termination of eNB to relay transmission
The DeNB can stop sending any traffic to relay as early as Step 4 in Figure 13 to further minimize redundant data forwarding. So the packets received can be temporarily stored at the DeNB until it is able to start forwarding them to UE.
Proposal 4: The DeNB should terminate transmission to the relay once it knows a handover is about to happen. 
4. Conclusions
The current LTE Rel-8 baseline handover will not be able to achieve efficient downlink data handling in a relay network handover.  This contribution presents four proposals to enhance Type-I relay handover performance.  All these changes are transparent to the UE. They are backward compatible to the Rel-8 UEs.  UE handover performance in a relay network shall be improved.
Proposal 1:  There should be a one-to one mapping of sequence numbers of the PDCP PDUs sent on the Uu and Un interfaces and the mapping should be known by the relay.
Proposal 2:  A PDCP status report from relay to eNB should be triggered or sent periodically to inform the eNB of what has been received up to date.
Proposal 3:  During a relay handover, no data forwarding is done on Un interface. All data forwarding is done between eNBs if needed.
Proposal 4: The DeNB should terminate transmission to relay once it knows a handover is about to happen. 
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5. Appendix: Rel 8 baseline handover procedure from [2]
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Figure 13. Rel 8 baseline handover procedure
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