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1. Introduction

It has been a principle regarding the procedure to be used for the intra-system mobility, as captured in TR38.801 i.e: 

Principle: The LTE X2 handover procedure as in TS 36.300 Figure 10.1.2.1.1-1: Intra-MME/Serving Gateway HO is taken as a baseline for intra-system mobility i.e. intra RAT (gNB <-> gNB; eLTE eNB <-> eLTE eNB) and inter-RAT (eLTE-eNB <-> gNB). 
The related path switch solution has two candidates:
Alt.1: first solution derived from LTE scheme and using control plane messaging for the Path Switch Request

Alt.2: second solution also derived from LTE with a small enhancement which is using packet in-band marking instead of the control plane Path Switch Request message (in a similar way as the control plane bearer setup message has been replaced by in-band QoS mark).

This paper compare the two.
2. Discussion
The alternatives so far are shown in the following figures (simple form).
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Alternative 1 Path Switch (Control plane Path Switch)
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Alternative 2 Path Switch (in-band Path Switch)

Here we give some points for discussion and comparison.
Fast Path Switch: from gNB point of view, Alt.2 has faster than Alt.1 the switching of the path from source gNB to target gNB, as there no control plane signalling is needed go through NG CP before the actual switching of path. 
Security: The “authenticity” is guaranteed by MME in LTE. It is analysed that there should be no security issue provided that the IPsec in NG-U is applied. 
If IPsec is not deployed, Alt.2 should have a mean for the UP-GW to stop any Path Switch coming from any rogue gNB. For example UP-GW is informed in advance the target gNB’s IP adress so UP-GW is able to verify when the in-band path switch is received.
Buffering for UL data: Buffering of UL data in gNB means to buffer the UL received from the UE in the period between the completion of the handover procedure in the air and the completion of handover procedure in NG. As for Alt.1, it is assumed that target gNB sending UL data after the Acknowledge from MME so it needs to buffer in gNB.  As for Alt. 2, if the Path Switch indicator can be piggy-backed in the UL Data frame, there is no need to buffer neither in UP-GW nor gNB. 
Reliability: Alt.1 is using NG-C by the mean of SCTP, which is a reliable transport protocol, therefore it is more reliable compare with the Alt.2 which is using UDP (or GRE).
As for Alt.2, loss of the packet with the Path Switch indicator will mean failure of handover therefore an Acknowledge is also needed.
Error Handling: It should be assumed if the path switch signalling Acknowledge is lost, re-transmission of the Path Switch would be required if eNB wish to do so, Alt.1 can ensure more than Alt.2, otherwise Alt.2 will also need to buffer UL data in target gNB for so can execute retransmission of packet data.
Changing of UP-GW: As for Alt.2 the changing of UP-GW can be done later when NG CP is informed. As for Alt.1 it is same as today LTE that NG-CP can change UP-GW during the Path Switch procedure.
Complexity for UP-GW: it has been the trend to separate the U-Plane and C-Plane. Piggy-backing of Path Switch indicator in the UL Data frame, and if further considering of error handling, or even piggy-backing other more control information, it will be likely mixing the U-Plane and C-Plane.
Further analysis:
From the pure NG interface point of view, the Alt. 1 seems to be the best solution. This is because it is more reliable and also authenticable by the NG CP. The Alt. 2 is assuming to have in-band path switch message which may be piggy-backed with the UL packet data. However, it should be assumed also that the in-band path switch message should also be transferred alone without piggy-backing with the UL packet data because it should not assume there will always be a UL packet data from the UE soon after the handover procedure in the air.  Moreover, e.g. Control Plane only solution in NB-IOT does not have any user plane path, the Alt.1 is always needed.
It is therefore concluded that Alt. 1 to be taken as the way forward.
1. Conclusion
This paper have analyzed and evaluated the alternatives of the Path Switching procedure in NG interface.
Proposal:  Considering the Alt.1 (Control plane Path Switch) is always needed regardless if Alt.2 (In-Band Path Switching) will be selected or not, the Alt. 1 (same as today LTE) is taken as the way forward. 
The TP is also provided in companion contribution R3-170137.
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