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1. 
Introduction

In the last RAN3#59bis meeting [3] and [4] opened the discussion how to handle the U-Plane for an Inter 3GPP-RAT HO to the 3GPP UMTS/GERAN. While a common understanding in RAN3 was achieved to reset the PDCP layer for the Inter 3GPP-RAT HO no conclusion could be reached concerning the correction of out of order packets caused by the path switching event in the CN.
This contribution proposes a mechanism that provides means to enable the target side to correct out of order packets that are caused by the path switching event in the CN, e.g. forwarded packets that are overtaken by packets that are arriving at the ‘direct path’ which typically will be a shorter route than that of  the forwarded packets.
2. 
Discussion

Both  [3] and [4] showed solutions that where based on using GTP-U SNs, separate tunnels dedicated to the forwarding packets, or a combination of both. After some deeper analysis the pros & cons of these solutions can be summarized as follows:
2.1 Using GTP-SNs:
While it could be argued that a GTP-U SN based methods induces less effort on the legacy systems, because these are used to work with GTP-SNs, a deeper analysis of this method shows some disadvantages that make it difficult to come to a common agreement:
Where shall GTP-U SNs be inserted?

GTP-U SNs must be inserted before or at the path switching point. The figure identifies two possible path switching points:  S-GW or, if the HO is combined with S-GW relocation then the PDN-GW.
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When have the GTP-U SNs to be inserted?
The usage of GTP-U SNs is not mandatory in LTE. Therefore the insertion point would have to be triggered to start inserting GTP-U SNs. This trigger must be given early enough in order to be sure that all packets that are buffered in the eNB have got assigned a GTP-U SN. Therefore these extra signaling must be done in the CN during the HO preparation phase, before HO COMMAND is sent to the eNB. However, the MME only knows about performing an S-GW relocation when it receives ‘Forward Relocation Response’, i.e. at that point in time it knows whether the trigger has to be given to the PDN-GW or the S-GW. As a result there is not much time between giving the trigger for the insertion of GTP-U SNs and sending of the HO COMMAND to the eNB. Therefore depending on buffer sizes and traffic behavior, there is still a risk to find packets in the eNB buffer that have not get assigned a GTP-U SN, i.e. the trigger to insert GTP-U SN was  too late. Another disadvantage is that these extra signaling increases the overall time of the HO procedure.
Is interworking to pre-Rel.8 nodes possible?

Pre-Rel.8 RNC/SGSN consider the GTP-U SN only when ‘delivery order’ is set to ‘yes’.  However, in legacy UMTS systems ‘Delivery order’ should be set to 'no' for PDP Type = 'IPv4' or 'IPv6' (see [5]). Side effects that are caused by setting ‘Delivery order’ to ‘yes’ despite the PDP type is IPv4 or IPv6 have not been analyzed. Therefore it can only be said that interworking with pre-Rel.8 elements might work.
Conclusion: This solution implies additional tasks in UP and CP of LTE nodes in E-UTRAN and CN.  Reordering might work even for handover to pre-Rel.8 nodes because the HO uses a mechanism that is known to legacy RNC/SGSN.

2.2 Using separate tunnels to differentiate forwarded and direct path packets at the target RNC/SGSN:
In order to differentiate between forwarded and direct path packets the tunnel that is dedicated to forward packets must span from eNB to target RNC/SGSN.  From the figure it can be seen that the route of these forwarding tunnel may involve many elements, e.g. for indirect forwarding with S-GW relocation and if the ‘direct tunnel’ feature of the CN cannot be used for the U-Plane route (see [2], 5.5.2.1.2) then the route of an forwarding tunnel for an Inter-RAT HO to UMTS would be the following: eNB(source S‑GW(target S‑GW(SGSN(RNC.  This shows that both SGSN and RNC have to learn dealing with two tunnel endpoints (TEID) for the DL direction. Furthermore, extra signaling will be required to release the resources of the forwarding tunnel after the HO.

Is interworking to pre-Rel.8 possible?

Pre-Rel.8 systems return only one tunnel endpoint to be used for both forwarded and direct path DL packets, i.e. the capability to distinguish between forwarded and direct path DL packets gets lost at such a point and the packets are sent to the UE in the order they are received at the target RNC/SGSN, i.e. they may be disordered. If disordering is NOT a problem, then this solution very likely has no impact on pre-Rel.8 legacy nodes (RNC/SGSN). Otherwise, if disordering is a problem, then this solution has just minor impact on legacy nodes (RNC/SGSN), i.e. in this case the eNB needs to know, e.g. via configuration data, whether the target node is pre-Rel.8 or not and must not request data forwarding when the target is a pre-Rel.8 RNC/SGSN.
Conclusion: The solution has impact on U- and C-Plane of legacy nodes (RNC/SGSN) and EPC. Intworking to pre-Rel.8 might work, if disordering is not a problem. If it’s a problem then the eNB must not forward packets to pre-Rel.8 targets.

2.3 eNB marks forwarded packets

A new alternative, not discussed so far, is to mark forwarded packets in the eNB:
The eNB marks all DL packets that are forwarded, e.g. by inserting a GTP-U SN. Only one tunnel endpoint is used at the target RNC/SGSN, i.e. it’s not necessary to span a dedicated forwarding tunnel from eNB to RNC/SGSN.
The first packet arriving at the target RNC/SGSN without GTP-U SN-field indicates to the target RNC/SGSN that the path switching has occurred in the CN.
If after that, the target RNC/SGSN still receives packet(s) with a GTP-U SN-field, it is an implementation issue whether the target RNC/SGSN ignores or forwards such delayed PDU.
It is also an implementation issue whether the target RNC/SGSN buffers first packets without GTP-U SN-field for a while to let potentially delayed trailing forwarded DL packets bypass the packets that may have arrived quicker on the new direct path.
Besides of using a timer based solution to trigger processing of the buffered ‘direct path’ packets the end-marker packet could be used (this presumes that the end-marker packet is inserted by the S-GW independently of the HO type). 

Is interworking to pre-Rel.8 possible?  

If ‘Delivery Order’ is NOT requested then Pre-Rel.8 target RNC/SGSNs very likely just ignore the GTP-U-SN and accept such PDU (>= Rel.8 RNC/SGSNs already know that they have to consider GTP-U SNs even when ‘Delivery order’ is not requested and that the presence of this fields means that it is a forwarded packet). However, accepting these PDUs also means that they may be disordered. The same is valid for that case as for the ‘tunnel solution’ (see 2.2):  If disordering is a problem, then this has just minor impact on legacy nodes (RNC/SGSN), i.e. in this case the eNB needs to know, e.g. via configuration data, whether the target node is pre-Rel.8 or not and must not request data forwarding when the target is a pre-Rel.8 RNC/SGSN.
Conclusions: 
· By this solution it is possible (if necessary) to correct disordering that may be caused by the path switching events (i.e. direct path packets overtake trailing forwarded packets). 

· No separate tunnel through the complete legacy system needs to be established for the forwarding of packets.
· No GTP-U SNs need to be inserted by PDN-GWs or S-GWs for HO purposes.
· No impact on core networks (except forwarding of GTP-U SN fields)
· If disordering is NOT a problem, then this solution very likely has no impact on pre-Rel.8 legacy nodes (RNC/SGSN). Otherwise, if disordering is a problem then the eNB must not request data forwarding when the target is a pre-Rel.8 RNC/SGSN.
3. 
Proposal

It is proposed to discuss section 2 about data forwarding and to agree on the following:

1. To use specially marked GTP-U packets for forwarded PDCP-SDUs in order to enable the target elements to correct out of order events that are caused by the path switch event in the CN,
2. The details of the out-of-order correction are implementation specific, i.e. some services may benefit from immediate processing of direct path packets and dropping trailing forwarded packets, other may benefit from buffering direct path packets for a while; using end-marker packet (if sent),
3. To use the GTP-U SN number field as a marker for the forwarded packets,

4. If GTP-U SN number field cannot be agreed then it is proposed to introduce a new Extension Header field for that purpose,
5. NOT to require ‘Delivery order’ for the target side when the GTP-U SN is used to mark forwarded packets, because this implies another usage of the GTP-U SN for pre-Rel.8 targets,

6. to introduce configuration data that informs the eNB not to require data forwarding to pre-Rel.8 nodes when disordering is a problem for this bearer.
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