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Abstract of the contribution: in this paper, we investigated whether the end marker packet should be generated by UP function or by CP function, and propose to have it on the UP function. 
Discussion
In last SA2 meeting, “sending of end marker” feature has been discussed and solution was captured in the TS 23.214.

It was agreed that the SGW-U should send/forward the end marker packet to the source eNodeB in case of path switch. However, how the SGW-U generates the end marker packet has two solutions now. One approach is to generate by SGW-U internally, while the other option is to generate by SGW-C and signal to the SGW-U. 
The former case requires one interaction between SGW-C and SGW-U. SGW-C requests the SGW-U to update the F-TEIDu of the target eNodeB, which implies the SGW-U to send the last PDU to the source eNodeB. On receiving the request, SGW-U internally construct the end marker packet and send it to the source eNodeB after sending the last packet on the old path.
The latter case may have some benefit to reduce the complexity in the UP function that it does not need to construct the end marker packet. 
Relevant descriptions of sending end marker packet in 3GPP specs are:

1. Clause 7.3.2, TS 29.281, it says:
The End Marker message(s) shall be sent after sending the last G-PDU that needs to be sent on a GTP-U tunnel as specified in 3GPP TS 23.401…
SGW-U is responsible for the downlink packet transmission in the user plane, so only the UP function has a clear awareness when the last G-PDU packet is sent out for a tunnel and when to trigger the sending of end marker packet on the old path. 
2. Clause 4.4.3.2, TS 23.401, it says:

The functions of the Serving GW, for both the GTP-based and the PMIP-based S5/S8, include:

· sending of one or more "end marker" to the source eNodeB, source SGSN or source RNC immediately after the Serving GW switches the path during inter-eNodeB and inter-RAT handover, especially to assist the reordering function in eNodeB.
which implies that SGW-U needs to switch to the target eNodeB before sending the end marker packet to the old path.

Considering the two descriptions listed above, we see two possible methods for the SGW-C to construct and signal the end marker packet to SGW-U:

(1) Using one message to notify the path switch and send the end marker packet simultaneously. 
In this case, SGW-U can switch the S1 tunnel to the target eNodeB by replacing the old F-TEIDu with the new one. However, it is very likely that the SGW-U forwards the end marker packet(s) before the last packet is sent to the source eNodeB. Because from SGW-U implementation, there is no necessity to differentiate the packet type by checking the packet header when transmitting the downlink packet on S1-U interface.
(2) Using separate procedure

Firstly SGW-C requests SGW-U to update the F-TEIDu of the target eNodeB, which implies the SGW-U to send that last PDU on the source eNodeB. SGW-U responds with the indication that last PDU was sent. Then SGW-C signals the end marker packet to the SGW-U, and SGW-U forwards it on the old path.

This approach can realize the feature of sending of end marker as defined in TS 23.401. However, it is more complicated than UP-based solution since it requires two interactions, from which the first one is basically same as the UP solution.
Bases on the analysis above, it is clear that the UP function is more efficient to realize the feature of sending of end marker packet. 
Proposal

It is proposed to add the following texts in TS 23.214.
Start of Change
5.6
Functionality of sending of "end marker"
Sending of “end marker” is a functionality which involve SGW-C and SGW-U, and PGW-C and PGW-U. As part of the functionality, constructing of end marker packets can either be done in the CP function or in the UP function, as described in clauses 5.6.1 and 5.6.2. Whether constructing of end marker packet is performed by CP function or UP function is determined by network configuration.

5.6.1
UP constructing the “end marker” packet

In case of eNodeB relocation during handover procedure without SGW-U change, SGW-C shall indicate the SGW-U to switch the S1 path(s) by sending an Sx session modification request message (bearer ID, new F-TEID of eNodeB) and in addition, provide an indication to the SGW-U to send the end marker packet on the old path. 
On receiving this indication, the SGW-U shall construct end marker packet(s) and send it for each S1 GTP-U tunnel towards the source eNodeB after sending the last PDU on the old path.
In case of SGW-U relocation during handover procedure, PGW-C shall indicate the PGW-U to switch the S5/S8 path(s) by sending an Sx session modification request message (bearer ID, new F-TEID of SGW-U) and in addition, provide an indication to the PGW-U to send the end marker packet on the old path.
On receiving this indication, the PGW-U shall construct end marker packet(s) and send it for each S5/S8 GTP-U tunnel towards the source SGW-U after sending the last PDU on the old path.
On receiving the end marker packet on S5/S8 GTP-U tunnel, SGW-U shall forward the end marker packet(s) and send it for each S1 GTP-U tunnel towards the source eNodeB.

5.6.2
CP constructing the “end marker” packet
In case of eNodeB relocation during handover procedure without SGW-U change, SGW-C shall indicate the SGW-U to switch the S1 path(s) by sending an Sx session modification request message (bearer ID, new F-TEID of eNodeB). After sending the last PDU on the old path, SGW-U shall replace the old F-TEID with the new one and responds with an Sx session modification response message to acknowledge the success of path switch.

When the path switch is finished, SGW-C constructs the end marker packet and sends it to the SGW-U. SGW-U then forwards the packet to the source eNodeB.
In case of SGW-U relocation during handover procedure, PGW-C shall indicate the PGW-U to switch the S5/S8 path(s) by sending an Sx session modification request message (bearer ID, new F-TEID of SGW-U). After sending the last PDU on the old S5/S8 path, PGW-U shall replace the old F-TEID with the new one and responds with an Sx session modification response message to acknowledge the success of path switch.
When the path switch is finished, PGW-C constructs the end marker packet and sends it to PGW-U. PGW-U then forwards the packet to the source SGW-U. 
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