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1
Introduction

In RAN3 meeting #50 there were several contributions to the topic of handovers, proposing to have a distributed eNodeB based handover control in LTE [R3-060009, R3-060015, R3-060020, R3-060027, R3-060051]. A differentiating factor between the proposals was the time of path switching between aGW and the eNodeB. Some proposals suggest to switch the path on early stage while others suggest to do the switching only at the time when the UE appears in the target cell.

In this contribution the advantages of the two path switching time alternatives are evaluated in order to see if there are any significant differencies between the two.
2
Path switching in Intra-LTE Handover

2.1 Overview

Path switching in handover refers to the action where the routing information regarding the destination of the path between the aGW and the eNodeB is updated, changing the destination from the source eNodeB to the target eNodeB.

In this contribution the path switching is categorised to be either “Early” or “Late” based on the following definitions:

Early Path Switching: The path is switched during the Handover preparation between source and target. Specifically the path is switched well in advance to the UE to appear in the target cell.

Late Path Switching: The path is switched right after the UE has appeared in the target cell.

The entity initiating the path switching is either the source eNodeB or the target eNodeB. Majority of the proposals assumes the target eNodeB to be the initiating entity. 

In the following two figures both the early and late path switching has been depicted, assuming that the target eNodeB is initiating the path switching.
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Figure 1. Early path switching made by the target eNodeB.

[image: image2.emf]UE

Target

eNode B

Source 

eNode B

aGW

4.  Handover Command

Detach from old cell,

L1 Synchronize to

new cell

Store UE RAN Context, 

reserve C-RNTI

5.  Handover Confirm

Flush DL buffer,

continue delivering in-

transit packets

1.  Measurement Report

3.  Context confirm (C-RNTI, …)

packet data

packet data

packet data

6. Relocation Indication (path switching)

Update U-Plane 

Routing

7. Relocation Acknowledge

RRC Signaling

L3 Signaling

L3 User Data

8. Handover Complete

2. Context data (UE RAN Context)

packet data

Buffer packets from 

Source eNB

Timer expires, release 

UE resources

eNB makes HO decision 

to move UE to a Cell in 

Target eNB 

Deliver buffered and in 

transit packets to 

Target eNB

deliver user data (i)

UE

Target

eNode B

Source 

eNode B

aGW

4.  Handover Command

Detach from old cell,

L1 Synchronize to

new cell

Store UE RAN Context, 

reserve C-RNTI

5.  Handover Confirm

Flush DL buffer,

continue delivering in-

transit packets

1.  Measurement Report

3.  Context confirm (C-RNTI, …)

packet data

packet data

packet data

6. Relocation Indication (path switching)

Update U-Plane 

Routing

7. Relocation Acknowledge

RRC Signaling

L3 Signaling

L3 User Data

8. Handover Complete

2. Context data (UE RAN Context)

packet data

Buffer packets from 

Source eNB

Timer expires, release 

UE resources

eNB makes HO decision 

to move UE to a Cell in 

Target eNB 

Deliver buffered and in 

transit packets to 

Target eNB

deliver user data (i)


Figure 2. Late path switching made by the target eNodeB.

2.2 Impact on the duration of the Handover Preparation

Handover preparation is the phase in the handover where the UE is still kept connected to the source cell while the network is making preparations for its move to the target cell. During the handover preparation the data is being transmitted in both directions, provided that the radio conditions in the source cell allow it.

Late path switching has an advantage in this area since then there is less signalling and less processing involved in the handover prepapration. The difference in time is one round trip signalling message exchange between the target eNodeB and the aGW, plus all possible processing tasks in the aGW. Generally the handover preparation time should be minimised in order to ensure a controlled handover from the source to the target cell.

All in all, the advantage for late switching is considered significant.

2.3 Impact on Data Forwarding

Data forwarding between the source and the target eNodeBs refers to the procedure where the source eNodeB forwards the downlink data that had not been sent or acknowledged by the UE at the time when the UE was detached from the source cell. Data forwarding is a temporary operation that is necessary in case of lossless handovers. Provided that the overall handover procedure is so defined that the interruption in the data transmission between the UE and the network is reasonably short, the data forwarding is not considered mandatory for seamless handovers.

Performing the path switching early rather than late has an advantage w.r.t. data forwarding. This is for the reason that the amount of data that may arrive in the source eNodeB after the UE has been detached from the source cell is smaller in case the path is switched already in the preparation phase. Thus the temporary forwarding period can be expected to be over faster than in case of late switching. However, as the interface between the eNodeB and the aGW in downlink direction is not assumed to be flow controlled, there may still be data to forward in the source eNodeB at the time when the UE needs to be detached from the cell, regardless of when the path switching is done.

All in all, the advantage for early path switching is considered small.

2.4 Impact on Duration of the Data Interruption

In case of late path switching, the switching is done only after the connectivity between the UE and the target cell has been established, while in case of early path switching the path has already been switched at the time when the UE appears in the target cell. Thus the early path switching has an advantage w.r.t. the duration of the data flow interruption. However, the additional delay caused by the late path switching is considered small as it is the time it takes for one message to be sent from the target eNodeB to the aGW and the first data packet to arrive from the aGW along the switched path.

All in all, the advantage for early path switching is considered small.

2.5 Impact on Recovery from Handover Failures

Here the handover failure refers to any such handover event, where the UE that was detached from the source by a Handover Command is not able to establish the connectivity with the intended target cell. One possible consequence is that the UE will attempt a fall-back to the source cell.

In case of early path switching the source eNodeB does not have downlink connectivity to the aGW after the handover preparation stage. In case of late path switching this downlink connectivity between the source eNodeB and the aGW is maintained until the UE has successfully established the connectivity with the target cell and the aGW has acknowledged the switch. Late path switching has an advantage w.r.t. failure recovery in case of fall-back to the source cell. This is for the reason that then the path does not have to be re-switched back to the source cell (by the source eNodeB). Assuming that the source eNodeB keeps all forwarded data in its buffer until the confirmation (8. Handover Complete) from the target eNodeB, there is no need to forward any data back from the target eNodeB in case of a fall-back. However, as it cannot be assumed that the UE would reappear in the source cell in case of L2 handover failure, the advantage of the late path switching is not so significant. 

All in all, the advantage for late path switching is considered small.

2.6 Impact on Resource Reservations and QoS control

Resource reservation and QoS control refer to the procedures related to admission control (i.e., checking of the resource availability and QoS rights) as well as to the reachability both in the target eNodeB and in the aGW.

Regarding the role of aGW in any normal case where the UE is handed over from one cell to another without affecting the characteristics of the user data flows, i.e., no modification, there is no impact on aGW as only the destination of the path gets changed. The eNodeBs involved in the handover are assumed to be aware of possible mobility restrictions of the given UE. The target cell performs the admission control for the resources that are to be handed over to it as part of the handover preparation. In some cases it is possible that some guaranteed rate service will have to be modified, downgraded, in order to accommodate it in the target cell. Correspondingly, a service may become upgraded as well, provided that it has been downgraded in some earlier handover. 

The early path switching has an advantage in resource reservation and QoS control since it allows the checking of resources and QoS both in aGW and in target eNodeB during the handover preparation. That is, once the target eNodeB confirms to the source eNodeB the handover preparation, it is already known that there are no QoS, resource or reachability related issues preventing the handover. However, due to the related signalling and processing, the handover preparation will also take a longer time in case of early path switching. That is, it takes longer from the measurement processing to the actual release of the UE from the source cell. In some cases this delay does represent a disadvantage to early path switching as discussed in 2.2.

The case where the handover fails due to failure in the path switching procedure is considered not only abnormal and  rare but also unfortunate since the radio L2 handover had already been completed. 

All in all there is no significant difference between the two alternatives in this area.

2.7 Signalling complexity

Signalling complexity refers to the amount of messages needed to perform the handover between the source and the target eNodeB. Another aspect in signalling complexity is the possibility to harmonise both predictive and reactive handovers. No matter which of the path switching alternatives is applied, both the actual path switching signalling and data forwarding is needed, thus there is no significant difference there.

In successful handovers there is no significant difference in the amount of signalling messages between the two path switching options. In case of failure where a fall-back is necessary, the late path switching has an advantage as described in 2.4. Considering the similarities between the predictive, i.e., network-controlled handover and reactive handover, the late path switching can be seen to have an advantage over its alternative. This is for the reason that in reactive handover case the early path switching is simply not possible as there is no handover preparation phase in the procedure. In reactive handover the path can only be switched after the UE has established the connectivity to the target cell. However, in case of reactive handover, the target eNodeB may not be able to perform the path switching right after the appearance of the UE there, but it would have to retrieve the UE context from the source eNodeB first (or alternatively from the aGW). 

So all in all there is no significant difference between the two alternatives in this area.

3 Conclusions

The conclusions of the analysis made in chapter 2 of this contribution are summarised in the following table.

	Area
	Early switching
	Late switching

	Duration of handover preparation
	
	++

	Data forwarding
	+
	

	Data interruption
	+
	

	Failure recovery
	
	+

	Resource reservation & QoS
	+
	+

	Signalling
	+
	+

	Total
	++ ++
	++ ++ +


Based on the result of the analysis, there is no significant difference between the two path switching alternatives, while the late switching has a slight advantage over the early switching. 

It is proposed that RAN WG3 discusses the results of this analysis and agrees the way forward with the path switching. Furthermore, it is proposed to to include chapter 2 of this contribution as well as the concluding table in chapter 3 in TR R3.018.
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