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1. Introduction

At RAN#57 it was agreed that “An X2AP message will be used to convey the UL PDCP SN(s) to the target eNB. This message will be the same message as will be used to convey the DL PDCP SN”.

This contribution considers if an existing X2-AP message can be used or if there is a requirement to add a new message.  As a consequence of the discussion the contribution also proposes a corresponding update to TS 36.423 X2AP specification.
2. Discussion
There seems to be two options for handling transfer of UL PDCP SN(s) and DL PDCP SN to the target eNB either as IEs in:

· HANDOVER REQUEST Message
· New X2-AP Message 
In this discussion it is assumed that

· DL PDCP SN transferred to Target eNodeB will be the first SN allocated by the Target eNB to a PDCP SDU that does not already have a SN associated with it.
· UL PDCP SN refers to the first PDCP SDU received by the Target eNB from the UE that will be transferred over the S1 interface.

In the case that UL PDCP SDUs are missing it would seem reasonable to also convey this information thus a list of missing UL PDCP SDUs could also be conveyed in the message.
2.1 Use of HANDOVER REQUEST Message
In this case the DL PDCP SN and UL PDCP SN will be sent to the Target eNB in the HANDOVER REQUEST (step 2 in figures 1 & 2).
Handling Downlink

When sending the HANDOVER REQUEST message the Source eNB should terminate further DL transmission to the UE (step 1) and buffer further downlink traffic in order to ensure that the DL PDCP SN transferred to the Target eNB is not already sent to the UE in the Source eNB.  There may be alternatives to enable downlink traffic to continue in the Source eNB such as 
· an offset PDCP SN value in the Target eNB but so far RAN2’s assumption is to support a continuous SN during handover although discussions on security impacts is ongoing or 
· Mandating the use of GTP SNs over S1 and using a mapping between GTP SNs and PDCP SNs which is not agreed in RAN3 so far.
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Fig 1: Handling DL traffic

The consequence of using the HANDOVER REQUEST message to transfer the PDCP DL SN is earlier buffering of DL traffic in the Source eNB and an increased break in DL transmission to the UE.

Handling uplink

For the uplink, transfer of data over S1 between the Source eNB and EPC should be suspended (step 1 in figure 2) after sending the Handover Request to the Target eNB (step 2) to avoid duplicating UL data sent over the old S1 interface by the Source eNB and UL data sent over the new S1 interface from the Target eNB.  
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Fig 2: Handling UL traffic

The consequence would be that PDCP SDUs successfully received from the UE after sending the HANDOVER REQUEST need to be buffered until the Source eNB receives the HO REQUEST ACK and then forwarded to the Target eNB (step 5) unless loss of data is acceptable to the application.

Note: Even in case where alternative solutions may be considered for DL such as offset based approach or GTP SN mapping, forwarding of UL traffic would be required if the HO REQUEST message were used for carrying the PDCP UL SNs.

2.2 Introduction of New X2-AP Message

The case in which a new X2-AP message is introduced containing both the PDCP DL SN and PDCP UL SN information is shown in figure 3 for handling DL traffic. 
Handling Downlink 
In this case, the Source eNB is able to continue DL transmission to the UE since the PDCP DL SN is not sent to the Target eNB until after the Target eNB has acknowledged the HANDOVER REQUESTING limiting the requirement for DL buffering.  UE is also able to received DL data until detaching from the Source eNB.
A new X2-AP message (PDCP CONTEXT TRANSFER is proposed) shall be sent to the Target eNB after receipt of HO REQUEST acknowledge from the Target eNB.
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Fig 3: Handling DL traffic

Handling Uplink 

The case of handling UL data is shown in figure 4.  In sequence UL PDCP SDUs successfully received by the source eNB can be transferred to the EPC until the HANDOVER COMMAND has been sent to UE.  Only out-of-sequence UL packets need to be transferred over X2.
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Fig 4: Handling UL traffic

2.3 Conclusion

The impacts of using the HANDOVER REQUEST for transfer of PDCP SN information are

· Increase the need for buffering of DL traffic until a HANDOVER REQUEST Acknowledgement is received from the Target eNB.(Between steps 1 and 5 in figure 1)
· Increase in the duration for which the UE doesn’t receive DL data (From step 1 in figure 1)

· Introduce the need to UL buffering (step 1 in figure 2)
For these reasons it is proposed that RAN3 agree the introduction of a new X2-AP message for the transfer of PDCP SN information.
3. Proposal
Based on the discussion about it is proposed to introduce a new X2-AP message to transfer the PDCP UL SN and PDCP DL SN between the source eNB and target eNB.
8.x

Forwarding PDCP Context

8.4.x
General

The Forward Context procedure is used in a Source eNB during handover to provide the Target eNB with the PDCP status for transfer of data between the Source eNB and UE when the 

8.4.x
Successful Operation
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Figure YY: Forward Context
The source eNodeB initiates the procedure by sending the PDCP CONTEXT TRANSFER message to the target eNodeB.
9.1.x
PDCP CONTEXT TRANSFER
This message is sent by the source eNodeB to the target eNodeB to transfer the PDCP Sequence numbers to be used for DL data transfer and UL data reception in the Target eNB.
Direction: eNodeB ( eNodeB 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	
	
	
	

	Target eNB UE Context ID
	M
	
	
	
	
	

	SAE Bearers To Be Handed over
	M
	
	
	
	
	

	> SAE Bearer ID
	M
	
	
	
	
	

	 > First PDCP DL SN
	M
	
	
	First SN to be allocated in DL by Target eNB
	
	

	 > First PDCP UL SN
	M
	
	
	First SN to be received from UE by Target eNB that will by sent to EPC
	
	

	> List of missing PDCP UL SNs
	O
	
	
	
	
	

























































































































































































Page 4 of 4
3GPP


_1252400351.doc

[image: image1]

3. Start DL forwarding







2. HANDOVER REQUEST ACKNOWLEDGE







4(c) No DL Transmit







source eNodeB



















4(a) HANDOVER COMMAND



















UE



















target eNodeB























4(b) PDCP CONTEXT TRANSER 























1. HANDOVER REQUEST 




















_1252850464.doc

[image: image1]

5. Start UL forwarding







4. HANDOVER REQUEST ACKNOWLEDGE







3. No UL



Transmit to EPC







source eNodeB







1. Suspend UL to EPC & start UL Buffering















HANDOVER COMMAND



















UE



















target eNodeB











































2. HANDOVER REQUEST 




















_1252221908.doc














source eNodeB



















































target eNodeB











































PDCP CONTEXT TRANSFER




















_1252400316.doc

[image: image1]





2. HANDOVER REQUEST ACKNOWLEDGE







4(c). Forward UL Packets







source eNodeB







3. Continue S1 UL Transmission















4(a) HANDOVER COMMAND



















UE



















target eNodeB























4(b) PDCP CONTEXT TRANSFER 























1. HANDOVER REQUEST 




















_1252153215.doc

[image: image1]

5. Start DL forwarding







4. HANDOVER REQUEST ACKNOWLEDGE







3. No DL



Transmit







source eNodeB







1.Suspend DL & start DL Buffering















HANDOVER COMMAND



















UE



















target eNodeB











































2. HANDOVER REQUEST 




















