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1. Introduction
[bookmark: _GoBack]In last meeting, there were contributions on evaluating the two candidate solutions for Xn based intra-system handover procedures, but they were not treated. This paper is to further investigate the two solutions. The corresponding proposal is provided.
2. Discussion
According to the conclusion during study phase, there are two solutions for Xn based intra-system handover procedure, which are given as follows: 
· Option 1: LTE handover procedure in TS 36.300 is a baseline 
· Option 2: another variant with in-band path switch, also shown in Fig.1  


Fig. 1. Intra-new RAN Handover using in-band Path Switch over NG-U. 
In [6], several points were clarified for option 2, given as follows: 
· Just after handover execution the target gNB2 generates a few “uplink start marker packets” before delivering the uplink packets received over the radio
· gNB2 also generates an N2 Path Switch Request message at step 4 which does not need to contain TNL addresses.
· Option 2 can therefore be seen as an optimization of option 1. 

According to the clarifications above, the response paper [7] and the TP [8], we will further investigate some aspects on the two solutions in the following section. 

On Fast Path Switch: 
It is true that option 2 has some benefit from the fast path switch point of view. But the evaluation below seems not exactly accurate: 
· Legacy path switch (option 1): 2 Control Plane messages (gNB -> NGCP + NGCP -> UPF) + intra SGW (CP -> UP) which means about 3+3+1 = 7 ms
· In-band path switch (option 2): direct UP packet (gNB UP -> UPF) which means about 1 ms.

It seems that it is very negative for option 1, while very positive to option 2. For example, it is assumed that there exists three times difference for the backhaul control plane and user plane. On the other hand, the processing time on the new function in target gNB should also be considered. For example, generating the start marker packets, judging on whether this scheme should be used or not on a specific UE. Therefore, a conclusion that switching time is reduced by a factor 7 can not be reached easily. 
Buffering for UL data: 
It was claimed that: 
· 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. For option 1, it is assumed that target gNB is sending UL data after the Acknowledge from the NGCP so it needs to buffer in gNB.  For option 2, the actual first uplink packets received at target side trigger the path switch and are immediately delivered upwards: there is no need to buffer neither in UPF nor gNB.


Fi.g 2: X2-based handover without Serving GW relocation (Figure 5.5.1.1.2-1 in TS 23.401)
However, in Fig.2 it can be seen that the argument is not valid. Uplink data can be sent to S-GW directly after the completion of the handover procedure in the air. The target eNB can get the uplink TEID of S-GW in the handover request message. 
Changing of UPF: 
On this point, it was described in [7]: 
· This is correct. In the scenarios where UPF needs to be changed, two steps are necessary for the in-band solution. However this scenario is not the nominal scenario. The idea of the in-band path switch solution is to optimize the nominal scenario which is frequent (no UPF change) even if it results in less performance for the rare scenario of UPF change. 
Firstly, if target gNB has sent the UP path switch packets to the source UPF while the SMF decides to change the UPF, how to handle this two-step path switch should be asked to SA2, which are in charge of this part. 
On the other hand, in SA2 agreement TS 23.502, both the UPF change and without change cases are considered. The procedures are aligned with option 1 here in this paper. So on whether the UPF change scenario is rare case or not should also be asked to SA2. 

On the TP [8] for option 2: 
One TP was proposed in [8], also shown as follows: 
· [bookmark: _Toc462748806]9.1.5.8	PATH SWITCH REQUEST
This message is sent by the gNB to inform the AMF of the new serving gNB and to transfer some N3 DL GTP tunnel termination point(s) to the SMF via the AMF for one or multiple PDU sessions.
Direction: eNB  MME.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.x
	
	YES
	reject

	gNB UE S1AP ID
	M
	
	9.2.3.x
	
	YES
	reject

	Source AMF UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	reject

	CGI
	M
	
	9.2.1.38
	
	YES
	ignore

	TAI
	M
	
	9.2.3.16
	
	YES
	ignore

	UE Security Capabilities
	M
	
	9.2.1.40
	
	YES
	ignore

	Information on PDU Sessions 
	O
	
	
	
	YES
	ignore



This was based on the proposal: 
· Proposal 2: the N3 tunnel endpoint information towards the SMF is made optional in the Path Switch Request message.[8]
It is not clear whether changing the IE into optional can work or not. Firstly, the target gNB does not know whether the SMF would change the UPF or not. If SMF decides to change the UPF, the “Information on PDU Sessions” should be mandatory for SMF to notify it to the new UPF for downlink transmission. So there is no information for the target gNB to judge whether the SMF to change the UPF or not.
Secondly, if the target gNB does not include the optional IE in Path Switch Request message as proposed above, an additional mechanism to enquire the gNB should be newly designed in case that the SMF decides to relocate the UPF. 

Based on the analysis above, the following proposal is suggested to RAN3: 
Proposal): To select option 1, i.e., the baseline CP based solution, for Xn based handover i.e., intra RAT (gNB <-> gNB; eLTE eNB <-> eLTE eNB) and inter-RAT (eLTE-eNB <-> gNB). 

3. Conclusion
In this contribution, further investigation on the two solutions for Xn based intra-RAT mobility procedures was performed. The following proposal is suggested to RAN3:
Proposal): To select option 1, i.e., the baseline CP based solution, for Xn based handover i.e., intra RAT (gNB <-> gNB; eLTE eNB <-> eLTE eNB) and inter-RAT (eLTE-eNB <-> gNB). 
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