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1. Introduction
Although many proposals have been made/discussions have taken place in RAN2 and RAN3 on how to handle the PDCP SN numbering at handover, not all details have been finalised yet. Especially the issue of when to allocate what PDCP SN to the first DL packet coming from the GW is not agreed yet.

In this contribution we try to provide a description of the main proposed alternatives and suggest one way forward.

Note that the contribution focuses on lossless bearers for which inter-eNB forwarding is used.

2. When can the first DL PDCP packet from GW be numbered ?
The first DL PDCP packet from the GW can only be numbered when it is clear what the amount of forwarded packets from the source-eNB is, and thus what PDCP SN space is taken up by these packets
. Different alternatives have been suggested as to how the target eNB would become aware that forwarding is completed:
1) Timer in Source-eNB

· The Source-eNB runs a timer (probably after having received the “Release Resource” over X2) after which it does not expect any data from the S-GW anymore

· When the last packet is forwarded to the target-eNB, the source-eNB informs the target-eNB that this was the last packet

· Note that it might be possible to use the same control plane message as used for the UL PDCP SN status synchronisation

2) Timer in Target-eNB

· The Target-eNB runs an inactivity timer (probably after having received the “Handover Complete Ack” over S1) after which it does not expect any data from the source-eNB anymore

3) Special “last packet” sent by GW via Source-eNB

· When the S-GW receives the “Handover Complete”, it sends a “special IP packet” with a “last packet indicator” to the source-eNB which will forward this packet to the target-eNB
· If user data IP packets are still available for transmission at the S-GW, the special IP packet can be a normal data packet with a special indicator set. If no user data IP packets are available a “dummy packet” or control packet might have to be used which format is recognised by the target eNB
4) GTP-U SN based

· By using consistent GTP-U SN’s over S1 and X2, the target-eNB can detect that e.g. after having received GTP-U SN==5 over X2, the next packet to transmit is the packet received from the S-GW with GTP-U SN==6
All four above alternatives enable the target eNB to determine when the last packet forwarded from the source-eNB has been received, and thus when it should be possible to determine the next PDCP SN to use for the first DL packet coming from the S-GW.
3. What PDCP SN to allocate ?
We see two alternatives as to how the source-eNB can inform the target-eNB about the PDCP SN to be used for the first DL packet coming from the GW:

1) Target-eNB is supposed to use the “next PDCP SN”

· The principle idea is that source-eNB numbers PDCP SDU’s up to a certain point,  the target-eNB becomes aware of this last used PDCP SN e.g. by looking at forwarded data with PDCP SN, and then the target numbers subsequent PDCP SDU’s (from source-eNB or S-GW from the next PDCP SN

· Different flavours exist of this solution: either the source-eNB numbers all packets it forwards, or it only numbers packets it has attempted to transmit at least once
· This type of solution breaks when the target-eNB is not aware of the last PDCP used by the source-eNB (e.g. no PDCP SDU forwarding). To overcome this problem we can either:
a) Use control plane signalling after having sent the handover command.
b) Enforce the transmission of a last packet from source-eNB to target-eNB with a PDCP SN (e.g. using option 3 in section 2)

2) Source-eNB informs the Target-eNB about the relation between GTP-U SN and PDCP SN.

· Based on this information and the GTP-U SN in the packet received from the S-GW, the target-eNB can determine the PDCP SN to allocate to the first DL packet coming from the S-GW.

4. Combinations
Many different combinations of “when to allocate the PDCP SN” and “what PDCP SN to allocate” are possible but not all make sense as shown in table 1:
	                           What

When 
	1a. Next SN based on control plane signalling
	1b Next SN based on special last packet from S-GW
	3. GTP-U SN <-> PDCP SN offset

	1. Based on timer in source eNB
	+
Seems logical combination since control plane message can contain last packet indication and next SN
	o
Possible but not very optimal since if we have a special packet coming from the GW for determining what PDCP SN to use, we might as well use it for detecting the end of the forwarding
	o
Possible but not very optimal since if we have the GTP-U SN’s, we might as well use them in the target eNB for detecting the end of the forwarding

	2. Based on timer in target eNB
	o
Possible but not very optimal since it will be unclear to the source-eNB when to inform the target eNB about the next PDCP SN to use
	o
Possible but not very optimal since if we have a special packet coming from the GW for determining what PDCP SN to use, we might as well use it for detecting the end of the forwarding
	o
Possible but not very optimal since if we have the GTP-U SN’s, we might as well use them in the target eNB for detecting the end of the forwarding

	3. Special “last packet” from GW
	o
Possible but not very optimal: if we have the special user plane packet already, why also sent a control plane message
	+
Seems a logical combination: the special packet informs the target-eNB about the fact that this is the last forwarded packet, and the next SN to use
	o
Possible but not very optimal: why introduce a special packet, if the target eNB can already determine the last forwarded packet from the GTP-U SN’s

	4. GTP-U SN based
	o
Possible but not very optimal: if we have GTP-U SN’s why require an additional control plane message for the PDCP SN setting 
	o
Possible but not very optimal: if we have GTP-U SN’s why require an additional user plane packet message for the PDCP SN setting
	+
Seems a logical combination: based on the GTP-U SN’s the target eNB can determine both the last forwarded packet and the PDCP SN to allocate


Table 1: Comparison of different when/what PDCP SN combinations
From table 1 it is clear that realistically only 3 options are remaining:
· Option A: 
Source-eNB runs a timer; after expiry and no more packets to forward it informs the target eNB (probably with a control plane message) that no more packets are to be forwarded and what the next PDCP SN to use DL packets from the GW is.

· Option B:
When the GW is informed about the handover, it sends a last packet (potentially a dummy/control) via the source-eNB. The source-eNB tags this packet with a PDCP SN thus informing the target-eNB also about what next PDCP SN to use.

· Option C:
The source-eNB informs the target-eNB about the GTP-U SN <-> PDCP SN offset. Based on the PDCP SN report from the UE and the GTP-U SN received over S1, the target-eNB will know when no more forwarded data is to be expected.

Note:
for option C, the relation between GTP-U SN and PDCP SN does not need to constant during the lifetime of a session. E.g. when the eNB discards packets without skipping PDCP SN’s, this will change the relation between the GTP-U SN and PDCP SN. This is no problem for the solution in Option C: the only constraint set by option C is that from the moment of handover preparation until handover completion, the relation does not change.

We think it is preferable not to select a solution relying on timer expiry in RAN: the optimal setting of the timer might be difficult to determine since it depends on the network deployment (e.g. transport delays). If the timer is set to short, later forwarded packets will have to be discarded. If the timer is set to long, an unnecessary transmission interruption will occur.
This leaves the choice between options B and C which are compared in table 2:

	
	Option B
	Option C

	GW complexity
	-

Introduction of new, possibly dummy, packet
	+

GTP-U SN usage should be normal operation

	Overhead over S1/X2
	+

No GTP-U SN’s required
	- 

GTP-U SN’s required

	Delay
	-

In addition to the packet from the
S-GW, the target-eNB also needs to receive the (dummy) packet from the source-eNB before it can determine the correct PDCP SN
	+

As soon as a packet is received from the S-GW, the target eNB can determine the PDCP SN to be used



	Implementation constraint
	+

Discarding of the “special last packet” at the source-eNB will harm handover performance

	-
Packet discarding at the source-eNB after handover preparation has been initiated might harm handover performance


Table 2: Comparison of options B & C.
We assume that not being allowed to discard data after handover preparation in the source-eNB is not a serious limitation. We also don’t consider the overhead introduced by the GTP-U SN’s on S1 to be a significant problem. Therefore we propose to go for option C.
5.  Conclusion

Based on the analysis in table 2, we propose that RAN2/3 selects Option C, i.e:

1) For lossless bearers, GTP-U SN’s are used over S1/X2
2) Consistent GTP-U SN’s are used over S1 and X2 (same IP packet same GTP-U SN)
3) During handover preparation, the source-eNB informs the target-eNB about the GTP-U SN <-> PDCP SN offset
4) Based on the received SN offset and the GTP-U SN in the DL packet received from the S-GW, the target-eNB will know the PDCP SN to use for packets received from the S-GW
5) Based on the PDCP SN report from the UE and the first GTP-U SN received over S1, the target-eNB will know what forwarded data is still to be expected






�  This contribution does not describe solutions which would result in a PDCP SN jump to the UE at handover e.g. at handover preparation the Source-eNB informs the Target-eNB about the next PDCP SN to use for data from the GW, with a jump in the PDCP SN to allow the source-enB to still number PDCP SDU’s after initiating the handover.�This type of solution does not meet the current requirement that we would use consistent PDCP SN numbering at handover. It is true that this type of solution would allow early numbering of DL packets coming from the GW (before the last packets have been received from the source-eNB). However this type of solution moves part of the problem to the re-ordering in the UE where the UE has to apply a timeout for forwarding packets with a PDCP SN after the PDCP SN jump. Therefore this alternative is not considered in this contribution.





�PAGE \# "'Page: '#'�'"  �� � HYPERLINK "http://www.3gpp.org/ftp/Information/DocNum_FTP_structure_V3.zip" ��Document numbers� are allocated by the Working Group Secretary.  






Page 1 of 5



