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1. Introduction

This contribution proposes a less-contention handover scheme. It can provide shorter handover time than the baseline handover scheme [1,2].

2. Background

The R99 voice communication can be continuous during inter-NodeB handover thanks to the soft handover where at least one radio link to the active cell set is kept. In the EUTRAN, the real-time voice conversation service is provided in the PS domain. And it is assumed that inter-eNodeB handover is executed in a hard handover manner and possibly with data forwarding. If the data forwarding is supported for VoIP packets, the yet unsent VoIP packets intended for a UE that has already started its handover operation are forwarded from the source eNodeB to the target eNodeB when appropriate. However, a few forwarded VoIP packets might not be utilised at the UE voice decoder. In the case of the data forwarding not being supported, the VoIP packet transmission can be interrupted during the inter-eNodeB handover. The resultant voice communication interruption time can become longer as the handover time gets longer. The handover time for a UE in voice communication should be short enough to meet the voice service quality requirement.

The case of handover of UE in non-real-time data communication is not as serious as the case of real-time communication UE handover, in terms of data transmission interruption. However, the data buffers in both the UE and the source/target eNodeBs need to retain the suspended UL/DL data until the handover completion. The longer handover time could result in the increased risk of loss of some data packets.

From what are shown above, it can be concluded that regardless of the service type, the inter-eNodeB hand-over should be done in a smallest as possible time. This is critical when the data forwarding for VoIP packets is not supported. For the handover of “VoIP” UE, the handover time should be short enough to satisfy the required voice service quality.

3. Typical non-contention-based handover
Several handover schemes have been proposed at RAN2 meetings that can effectively reduce handover time. They are roughly grouped into two types: non-contention-based handover and synchronous (or pre-synchronised) handover. 

The typical non-contention-based scheme is quite contention free as a separate dedicated radio resource for the initial access to the target eNodeB is exclusively allocated to each UE during its handover operation. The information on the location of the radio resource needs to be informed each handover UE in advance. The target eNodeB allocates radio resource to a UE which will access to this eNodeB when requested by the source NodeB, and reserves it until the handover completion. The information (e.g. the location and the activated time duration) on the radio resource is included in the handover command from the target eNodeB to the source eNodeB and from the source eNodeB to the UE. 

A drawback of the typical non-contention-based handover is the overhead of over-the-air signaling for the indication of the allocated radio resource. The target eNodeB may have to allocate in advance spare radio resource for re-attempts of random access in case of the failure of the initial access. In this case, the overhead of the signaling increases.

4. Proposed handover scheme
Our proposing scheme is a less-contention-based handover, which is a bit similar to non-contention-based scheme. What differentiate the proposed scheme from the non-contention-based scheme are:

1) the information on the location of radio resource does not necessarily provided to handover UEs by either the source eNodeB nor the target eNodeB.

2) the radio resource is common to all of handover UEs.

The scheme is characterised by the following points.

1) The UL radio resources allocated by a target eNodeB to a handover UE for the initial or re-attempt access is not exclusive for only this handover UE. The same radio resource can be simultaneously shared but not by non-handover UEs but by any handover UEs

2) These UL radio resources are separate from usual random access slots where any UE can transmit its random access signal. Therefore, the collision between these radio resources arises from the collision between the initial and re-attempt access signals only from handover UEs.

3) These UL radio resources in the target eNodeB appear only when any UE in its handover process accesses to the target eNodeB. When no UEs are trying to handover to this eNodeB, the all of radio resources are used for UL shared data transmission. The scheduler of the target eNodeB decides whether these UL radio resources for initial access by handover UEs should be allocated or not.

4) These UL radio resources for handover UEs are located at a predefined time-offset from DL synchronisation channel (SCH) position. And the location is common to all cells. So upon the detection of DL SCH, the handover UE can implicitly know where the UL radio resource for the initial and re-attempt access signals exist. The time-offset value is standardised. So the UE has to be informed the value by neither the source eNodeB nor the target eNodeB.  However, it is possible that the value is cell-specific. In this case, the values are included in cell-specific BCH. From the viewpoint of signaling overhead, it is preferred that the time-offset values are standardised.

5) The MAC/RRC in the target eNodeB plays important roles. 

The above 4) gives the proposed scheme a merit that the explicit indication of information on the radio resource for initial and re-attempt signals during handover is unnecessary for handover UEs. This can reduce the over-the-air overhead of the HO command signal transmitted from the source eNodeB to the UE.
Our proposing less-contention handover scheme can be supported by the E-UTRAN which supports the already agreed basic handover scheme [1,2]. In this case, it is suggested that the proposed handover scheme be for handover UEs in real-time voice communication. And then, which handover scheme to be used for every handover trial is explicitly indicated to a handover UE by the source eNodeB before the UE starts its handover operation.

4.1 Proposed handover procedure

1) The handover preparation such as the neighboring-cell measurement by the UE, the handover decision by the source eNodeB and the request of handover from the source eNodeB to the target eNodeB are the same as those of typical handover schemes. The source eNodeB may let the target eNodeB, if so, know the UE is in real-time voice communication.

2) If the target eNodeB decides to accept the handover request, it sends the handover grant to the source eNodeB. The target eNodeB may issue a sequence number for the random access signal sequence to be used by the UE. The sequence number can be sent with the handover grant.

3) After the source eNodeB receives the handover grant from the target eNodeB, it issues the handover command to the UE. The command is with a new C-RNTI and the cell ID of the target eNodeB. Other information can be included in the command. The cell size information may be included, so that the UE can determine the random access signal sequence length before it obtains the information from BCH in the target eNodeB cell. The information of the location of “ad-hoc” random access slots for handover UEs is not needed to be included in the handover command in our proposing scheme. 

4) The UE tries to detect downlink synchronization channels and DL common reference signals of the target e-NodeB cell. Once the UE recognises the detected cell is the target cell and locates the position of DL synchronization channels (SCH), the UE soon starts to get itself ready to send a random access signal. And it transmits the random access signal from one of the “ad-hoc” random access slots that are located at the pre-determined time-offset from the DL SCH. If the UE is previously informed a random access signal sequence index, the UE generates random access signals based on the sequence determined by the sequence index. If the UE fails to get the reply to the first random access signal from the target eNodeB, it re-tries to send random access signal on another “ad-hoc” random access slot. 

5) The target eNodeB scheduler reserves the “ad-hoc” random access slots located at the pre-determined time-offset from the DL SCH, for the UE until the UE succeeds its handover operation. When the UE finishes its handover, if there is no other UE trying to handover to this eNodeB, the scheduler releases the “ad-hoc” random access slots.

Figure 1 shows a simply described flow of the operation of the proposed handover scheme.
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Figure 1   Flow of the proposed handover scheme
Figure 2 shows how “ad-hoc” random access slots for handover UE appear in the UL of the target eNodeB when there is any UE trying to handover to this eNodeB.
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Figure 2 Radio resource for handover UEs (when there is any UE trying to handover to the cell)
Figure 3 shows how the UL of the same eNodeB as in Figure 2 is when there is no UE trying to handover to this eNodeB.
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Figure 3   (when there are no UEs trying to handover to the cell.)
4.2 Advantage of the proposed scheme

1) The radio resource (i.e. “ad-hoc” random access slots) for handover UEs appear only when any UE is in its process to the target eNodeB. This can prevents the wasteful use of radio resource when there is no handover UE.

2) The location of radio resource (“ad-hoc” random access slots) is linked to the position of DL synchronisation channels (SCH). So the handover UE only has to know where the DL SCHs exist in the DL of the target eNodeB cell. So the information on the location of the radio resource don’t need to be indicated to the handover UE. This can avoid the signaling for the indication of the radio resource location.

4.3 How the target eNodeB knows if any UE is trying to handover to this eNode

1) The target eNodeB is asked the handover request by a source eNodeB and, if acceptable, issues the handover grant for a UE that needs to handover this eNodeB as the most appropriate target eNodeB.

2) The target eNodeB receives random access signal(s) from the UE and a handover complete command. (If no signals are received from the UE by the due time determined by the internal timer, the target eNodeB realises the handover failure.)

4.4 Handover failure case

1) Even with any good hand-over scheme, the hand-over operation doesn’t always succeed even if the target eNodeB carefully manages the radio resource for the hand-over UE throughout the handover operation. The handover failure happens, which may be rare, most likely when the UE moves to a quite different direction from initially expected by the source NodeB and thus the target eNodeB become no longer the most appropriate target. In a system employing our proposing handover scheme, the failed UE will access to other cells including the original source NodeB cell by using other handover schemes (e.g. the basic scheme [1,2], forward handover if supported, or initial access from Idle mode). However, if the fast signaling to the second target eNodeB and fast radio resource allocation at the second target eNodeB for the UE is possible, our proposing scheme could apply to the handover failure case.
2) In our proposing scheme, if a handover UE which the target eNodeB is waiting for fails to access to this eNodeB and then there is no other handover UE, the target eNodeB releases the radio resource for the UE. The target eNodeB may realise the handover failure of the UE by e.g. a blind way using timer. 

5. Conclusion

This contribution presents a less-contention handover scheme for the LTE to achieve short handover time. It is proposed that its concept should be captured in EUTRA/EUTRAN Stage 2 document [2] and that it should  be a fallback (not primary) handover scheme.
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