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1. Introduction

Several intra-access system mobility mechanisms based on temporary forwarding procedures have been proposed at 3GPP RAN meetings, e.g. [1], [2], [3], [4], [5]. The main differences between these alternatives are discussed in this contribution with respect to e.g. handover latency, interruption time and whether a seamless handover can be achieved.

For the comparison of the different handover mechanisms a two level user plane architecture with Access Service Gateway (ASGW) and Enhanced Node B (ENB) as described in [6] is assumed, where the mobile anchor point for inter-ENB handovers is located in the ASGW.

2. Discussion

2.1. Overview on compared handover mechanisms

In principle several alternatives can be used for an intra-access system handover procedure, which will result in different performances depending on the selected pre-configuration procedure of the target ENB and on the begin of the handover decision, the context transfer, the forwarding and the path switching of downlink data. However, only the four most relevant alternatives, as shown in figure 1, are considered for the comparison of handover mechanisms.
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Fig. 1: Sequence flow of relevant intra access handover mechanisms
The handover preparation phase is initiated by the transfer of a copy of the UE context, which will be stored in the target ENB. Preparation of a target ENB can be achieved by a "pro-active" (preparation even before a handover trigger) or "anticipated" (known also as backward handover: preparation on a handover trigger) procedure, which is also mentioned in chapter 6.2.3.4 of 3GPP TR R3.018 V0.0.2 [8].

Option 1, 2 and 4 are anticipated approaches, because the preparation phase is initiated by a handover decision command with a subsequent context transfer. Option 3 is the pro-active counterpart of Option 2, because only the preparation procedure is different. However, the handover preparation command, which triggers the context transfer in Option 3, is not shown here (a detailed sequence is described in [5]).

It is assumed that the L1/L2 handover of the UE starts after receiving of a "HO decision" command and that this handover will be finished for each alternative at the same time marked with "UE handover completion". All the other steps ("HO decision", "Context transfer", "Forwarding", and "Path switch") will start for each option in the noted order.

2.2. Impacts on a suitable seamless handover procedure

Relevant performance measures are the handover latency, i.e. the elapsed time between handover decision and termination of the whole handover procedure, and the interruption time for downlink and uplink data packets.

Small handover latencies, short interruption times and seamless handovers must be achieved with the above mentioned handover mechanisms for intra-access system mobility to fulfill the requirements for "Evolved UTRA and UTRAN" [7]. The performance of each approach depends on the following impacts:

· The start and duration of the context transfer is relevant for the handover latency.

· The time to start the temporary forwarding of downlink user plane data from source ENB to target ENB is relevant for the handover interruption time.

· The time to switch the downlink data traffic at ASGW towards the target ENB (path switch) is relevant for the handover latency and the moment to involve the core network.

· The completion time of a UE involved L1/L2 handover towards a target ENB is relevant for the handover interruption time and handover latency.

2.3. Handover latency, handover interruption time and usability for seamless handovers

A strongly increased handover latency and interruption time will be obtained in comparison to all the other approaches with Option 1. In this case the begin to forward downlink user plane data from source ENB to target ENB must be requested by the target ENB, which can be at the earliest after the UE handover completion. For all the other alternatives user plane data can be transmitted from the target ENB to the UE already after the establishment of the new connection, assuming that the UE handover completion requires more time than forwarding of user plane data through the network.

An anticipated handover mechanism starts always with the pre-configuration of a target ENB directly after a handover decision, which is not the case for the pro-active approach. Therefore, a much smaller handover latency can be achieved with Option 3, where the time consuming pre-configuration of the target ENB is already performed before the source ENB decides on handover. Here only a forwarding process must be initiated, which may start together with signaling of the handover command to the UE.

A very small handover latency can also be achieved with the anticipated approach of Option 4, because the path switching of downlink data will be initiated together with the forwarding procedure directly after the handover command, which significantly reduces the total handover time.

A much larger handover latency may occur for each type of anticipated handover mechanism, when a selected target ENB denies the admission. Then either the same request must be send to a new candidate cell, which is very time consuming, or if possible concurrent requests must be transmitted simultaneously to several candidate cells, which will increase the signaling load. This is a big benefit of the pro-active handover approach, where the admission to a target ENB can be performed in due time.

There is no difference for the handover interruption times of Option 2, 3 and 4, which are mainly determined by the L1/L2 handover time of the UE and the time for the exchange of signaling messages over the air. A very short downlink and uplink interruption time can be achieved for these solutions in the range of 50 ms and 30 ms, respectively, which is very suitable for lossless and even seamless handovers. The interruption time of Option 1 will be considerably or even much higher, if the candidate cell denies the required admission while the UE tries to get a connection to the target ENB. Therefore, such a procedure is only applicable for lossless handovers, because seamless handovers cannot be guaranteed.

2.4. Buffering and handover failure handling

During the handover procedure the downlink user plane data must be stored for Option 1 in the source ENB and for all the other discussed alternatives in the target ENB, if a buffering process is required at all.

The effort induced by a handover failure, when the UE must return to the source ENB, is very low for Option 1, moderate for Option 2 and 3, and very high for Option 4. For Option 1 the user plane data is still stored in the source ENB and can be transmitted to the UE after a reconnection of the UE. For Option 2 and 3 either the user plane data must be sent back from target ENB or an additional buffering must be performed in the source ENB. Finally, Option 4 shows the worst performance, because data is already forwarded to the target ENB and the core network is also involved by path switching, which must be cancelled.

A drawback of Option 1 is already mentioned above, when the target ENB denies the admission and the connection between UE and source ENB is already released during the handover procedure. After a time-out the UE tries to reconnect with the source ENB, which may be time consuming and may lead to a drop of the current service at all.

In the case when the link disconnects unexpectedly between the UE and the source ENB a similar reactive handover must be specified for all four options, which is ffs.

2.5. Short term double of resource allocation

Between the handover preparation and completion of UE handover, it is possible for a short time that bearer services requiring some guaranteed QoS have reservations in both the source ENB and in the target ENB. In Option 3 representing the pro-active handover mechanism the duration of this period is slightly longer. This would mean a little waste of resources since actually only one radio link needs resources. However this is not seen as very relevant, since the real-time resource allocation by the scheduler ensures that in the target cell resources are consumed earliest after handover completion. The scheduler in the source ENB will stop resource allocation latest with the handover decision. During the interruption time no resources are consumed at all.

2.6. Summary

A short summary of the above comparison is benchmarked in table 1.

	
	Option 1
	Option 2
	Option 3
	Option 4

	Handover latency / interruption time
	- / -
	O / +
	+ / +
	+ / +

	Lossless /seamless handover
	+ / -
	+ / +
	+ / +
	+ / +

	Buffering, if required
	source ENB
	target ENB
	target ENB
	target ENB

	Handover failure effort and handling
	O
	O
	O
	-

	Short term double of resource allocation
	+
	+
	O
	+


Tab. 1: Comparison of relevant intra access handover mechanisms
3. Conclusion and Proposal

A comparison of different intra-access system handover mechanisms based on temporary data forwarding is performed. The analysis of the handover sequence showed that the best performance can be achieved with a procedure, where the forwarding starts before and the path switching starts after the establishment of a new connection between UE and target ENB.

Very short downlink interruption times in the range of 50 ms can be achieved with Option 2 and 3, which is required for seamless handover. The pro-active pre-configuration of Option 3 emphasize the benefit, that very small handover latencies can be achieved, which is necessary to meet the requirements of the Evolved UTRAN.

It is proposed to include the above described analysis in chapter 6.2.3 "LTE Active Behaviour" of the technical report 3GPP TR R3.018 [8].
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