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1. Introduction

In RAN3 meeting #68, there were discussions on how to optimize the performance of the X2 handover with RN by using smart data forwarding. In this contribution, we analyze the forwarding methods during the handover from a RN, and show that smart forwarding can be achieved as a DeNB implementation option using existing procedures and messages in the current specifications. From this we conclude and also propose that it should not have any impact on either the RN or the core network.
2. Discussion
When a UE is handed over from a RN to another eNB, the existing X2 handover procedure may induce back and forth data packets forwarding over the Un interface. This back and forth packet forwarding may increase data latency and waste bandwidth during the handover. To cope with this issue, there have been several proposals about smart forwarding during handover [1, 2, 3].
We considered the following two possible implementation options regarding data forwarding during handover from a RN:

· DeNB implementation Option 1: No smart forwarding functions in DeNB. The DeNB does not buffer user plane data packets during handover. The DeNB forwards all user plane data to/from the RN.
· DeNB implementation Option 2: DeNB implements a smart forwarding function during handover from the RN. The DeNB buffers user plane data and forward them directly to the target eNB in order to avoid back and forth data transmissions over the Un link. 
While Option 1 does not includ any smart forwarding functionality, we show that Option 2 could be limited to a DeNB implementation using existing procedures and messages in the current specifications, and thus it should not have any impact on either the RN or the core network.
In fact, for Option 2, the DeNB intercepts X2 signalling and downlink data during a handover and sends the End Marker(s) at the proper moment(s) to provide smart data forwarding. In order to achieve this, the following principles should be considered:
1. The implementation choice at the DeNB shall be transparent to the RN, i.e. the RN expects to receive exactly one End Marker. 

2. No impact to CN, i.e. the S-GW sends one End Marker after receiving U-plane update request message.
3. The operation for optimizing the X2-handover with RN is optional and limited to the DeNB implementation, which includes a UE S-GW proxy function.
4. DeNB creates an End Marker towards the RN using the UE S-GW proxy function and consumes an End Marker received from the external UE’s S/P-GW.
5. In order to accommodate the handover advance preparation with multiple cells, the DeNB should start buffering and stop transmitting downlink data on the old Un interface only after it receives the SN Status Transfer from the source RN.
6. The RN shall send the Handover Cancel message to the DeNB, if the UE returns to the source RN and the RN has sent the SN Status Transfer message to the DeNB. This signals the DeNB to transmit the buffered downlink data to the RN after the UE fails in the X2 handover to the target cell.
The detailed descriptions for DeNB implementation Option 1 and Option 2 are given in Figure 1 and  Figure 2, respectively.


[image: image1.emf]UE

Source 

RN

DeNB

Target 

eNB

UE MME

UE S/P-

GW

Data Packet Data Packet Data Packet

1. Handover 

Request

2. Handover Request

3. Handover Request ACK

4. Handover 

Request ACK

5. Handover 

Command

Detach from the 

old cell & 

Synchronization 

with the new cell

6. SN Status Transfer

7. SN Status Transfer

8. Data forwarding

Data Packet

17. UE Context Release

Data Packet Data Packet

10. UE connects

11. Path 

Switch 

Request

12. U-Plane

Update 

Request

15. U-Plane

Update 

Response

16. Path 

Switch 

Request ACK

13. End Marker

18

. 

UE

 

Con

t

ext 

R

e

l

ease

19. Data forwarding

22

. 

End

 

Ma

r

ke

r

Data Packet Data Packet

14. End Marker

21. End Marker

20. Data forwarding

Downlink data

D

ownlink data

9. Data forwarding

Data Packet


Figure 1: RN Involved X2 Handover without Embedded UE’s S-GW Functionality

In option 1 (see Figure 1), DeNB does not implement the S-GW functionality for UE. Hence, the RN will not receive any End Marker until the external UE’s S/P-GW generates one and sends to it. 
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Figure 2: RN Involved X2 Handover with Embedded UE’s S-GW Functionality at the DeNB
In option 2 (see Figure 2), the S-GW proxy for UE at the DeNB generates an End Marker and sends it to the RN after receiving the SN status Transfer from the RN (Step 7). 

When the DeNB receives an End Marker from the RN, the DeNB reorders its buffered data and the data sent back from the RN and subsequently forwards them to the target eNB (Step 12).

When an End Marker is received from the external UE’s S/P-GW, the DeNB does not need to forward the End Marker to the RN. Instead, the DeNB sends the End Marker to the target eNB after it finishes transmitting its buffered data to the target eNB.

Proposal 1: Smart forwarding during handover from RN should be limited to a DeNB implementation using existing procedures and messages in the current specifications, and it should not have any impact on either RN or core network.
Proposal 2: If the DeNB performs smart forwarding during intra DeNB handover, the DeNB creates an End Marker to RN using the UE S-GW proxy function and consumes an End Marker received from the external UE’s S/P-GW.
Proposal 3: If the DeNB performs smart forwarding during intra DeNB handover, in order to accommodate the handover advance preparation with multiple cells, the DeNB starts buffering and stops transmitting downlink data on the old Un interface only after it receives the SN Status Transfer from the source RN. 
3. Conclusion

We discussed the End Marker solution for supporting smart data forwarding during an X2 handover when RN is involved. We show that a proper implementation that uses existing procedures and messages in the current spec is sufficient to provide smart data forwarding. We request RAN3 to accept the following principles for an X2 handover involved with RN.
Proposal 1: Smart forwarding during handover from RN should be limited to a DeNB implementation using existing procedures and messages in the current specifications, and it should not have any impact on either RN or core network.
· Proposal 1a: The implementation choice at the DeNB shall be transparent to the RN. I.e. the RN expects to receive exactly one End Marker.

· Proposal 1b: No impact to CN. I.e. the SGW sends one End Marker after receiving U-plane update request message.

· Proposal 1c: The operation for optimizing the X2-handover with RN is optional and limited to the DeNB implementation, which includes a UE S-GW proxy function.
Proposal 2: If the DeNB performs smart forwarding during intra DeNB handover, the DeNB creates an End Marker to RN using the UE S-GW proxy function and consumes an End Marker received from the external UE’s S/P-GW.
Proposal 3: If the DeNB performs smart forwarding during intra DeNB handover, in order to accommodate the handover advance preparation with multiple cells, the DeNB starts buffering and stops transmitting downlink data on the old Un interface only after it receives the SN Status Transfer from the source RN. 
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