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1. Introduction
This document considers user plane aspects for the handover procedure in LTE. The aspects explained in this paper are mechanisms, which are needed to continue the DL transmission to the UE during and after the HO procedure. The user plane data path needs to be switch from the source eNode B to the target eNode B is necessary and consequently mechanisms needs to be defined to guarantee the continuation of the DL transmission to the UE. 

Therefore mechanisms need to be defined, which ensures the user plane switch to the target eNode B taking transfer delay requirements into account.  

Another quality of service requirement is related to data loss. Therefore it should also investigate how to minimize data loss during the HO procedure. Are the packets forwarded directly between eNode Bs or is the forwarding performed at the aGW? Which kind of packets needed to be sent to the target side, the newly received packets or even packets in the re-transmission buffers? To fulfill requirements that minimize data loss involves that especially data in the re-transmission buffers needs to be forwarded to the target side. 
In the context of this contribution the term “data forwarding” comprises already buffered packets, i.e. the buffer status of not yet transmitted SDUs. 
All these facts are handled in the following sections: With respect to the DL transmission two cases will be distinguished 
i) data forwarding between eNode Bs

ii) data forwarding started at the aGW

The location of the buffering of DL packets is taken into account in cases i) – ii) above: the location is either at the eNode B (i) or at the aGW (ii). 

2. Mechanisms

2.1 Data Forwarding between eNodeBs
Principles

User plane data are transmitted from the aGW to the eNodeB (source side) the UE is currently located. The header compression as well as the ciphering of user plane packets is assumed to be performed at the aGW. 
Assuming a HO to another cell, when the HO decision was felt and in case of a successful resource allocation the eNode B starts data forwarding to the target eNode B. 
Buffering, data forwarding

The segmentation and the buffering will be done at the eNodeB (see steps 1-3 in figure 1). 
The data forwarding mechanism applies to not transmited SDUs inside this buffer in the source eNodeB. In this approach the not transmitted packets are sent directly between the source eNode B to the target eNode B. 
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Figure 1: Data Forwarding between eNodeBs

The target eNode B receives the forwarded packets (step5); the segmentation and the transmission will be continued at the target side (step 6 in figure 1.

This means that in case not the all segmented PDUs (of the SDU) are sent to the UE and remains in eNodeB’ s buffer and the whole SDU is forwarded to the target eNode B, the already delivered PDUs are sent to the UE again.

If this data duplication needs to be avoided an additional mechanism needs to be defined. In this case the segment number of the PDUs as well as the sequence number of the SDUs needs to be provided to the potential HO target during the HO preparation phase. 

The user plane is switched at aGW (step 7) from the source side to the target side. The trigger for the aGW is done by a separate signaling message sent by the target eNOde B e.g. “prepare tunnel switch” message to the aGW. 

2.2 Data Forwarding starting @ aGW
Principles

User plane data are transmitted from the aGW to the eNodeB (source side) the UE is currently located. The header compression as well as the ciphering of user plane packets. The segmentation will be done at the eNodeB (see steps 1-3 in figure 1). Assuming a HO to another cell, when the HO decision was felt and in case of a successful resource allocation the source eNode B sends an indication to the aGW (step 5). 
Buffering, data forwarding

In this approach the buffering of data is performed at the aGW. In case the UE moves to the target cell a trigger at the aGW is needed to start the data forwarding of buffered SDUs to the target eNodeB, which were not yet transmitted at the source side. 

The trigger could be realized as flow control message which is sent to the aGW to indicate the next sent DL packet on the target side (4). This message would include SDU sequence numbers of the next packet, which needs to be sent. 
An alternative is to just invent a confirmation mechanism on the target side between the eNode B and the aGW; in case a complete SDU was transmitted successfully the eNodeB sent a confirmation to the aGW, which buffers a copy of the sent SDU to the eNode B until the confirmation was received. 
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Figure 2: Data Forwarding starting @ aGW

3. Conclusion

The following table summarizes the mechanisms and the impacts on the discussed in this document:

	
	 Data Forwarding eNode B

(2.1)
	Data Forwarding aGW 

(2.2)
	Remarks

	Logical interface 
	Log. Interface between eNodeBs is required
	-
	Signaling messages needs to be defined

	Buffering
	@ eNodeB
	@ aGW
	

	Sequence Numbers of SDUs


	Yes, needed @ eNode B
	Yes, needed @aGW
	To avoid duplication of SDUs, but requires additional signaling of SNs 

	Sequence Numbers of PDUs 


	Yes, @ eNodeB
	Yes, @eNodeB
	To avoid duplication of PDUs, but requires additional signaling of PDU SNs

	Flow Control

	Not needed
	required 
	To trigger the forwarding @ aGW 
And to provide SDU numbering 

	Switch of the user plane
	Tunnel switch 
	Tunnel switch
	The preparation of the tunnel switch is already starting after the reception of prepare tunnel switch message


The paper shows that both data forwarding mechanisms have advantages and disadvantages:
Data forwarding between eNodeBs realize the buffering at the eNode B and has the advantage compared to solution 2.2 that data, which needs to be forwarded is known at the eNode B. Whereas the direct interaction between eNode Bs require an logical interface and the definition of signaling messages. 
With regards to data forwarding mechanism started at the aGW an indication is needed on the source side between the eNode B and the aGW to inform the aGW, which packet needs to be forwarded to the target eNodeB.

It is proposed to discuss these user plane considerations at the joint meeting. 
