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Introduction
A baseline Intra-LTE handover mechanism was agreed at RAN2#56. The baseline approach utilizes the UE access on the target cell after handover via non-synchronised RACH channel, hence contention based access.

However, optimisation to this approach remains an open issue. In a synchronised network the UE is able to calculate the timing advanced to the new eNodeB based on the relative time difference between received signal from the new and old cell. This is the mechanism used in TDD-UMTS networks.  Therefore in a synchronised network it is possible to obtain the synchronisation to the new cell prior to the access and to avoid the access in the new cell via a non-synchronous contention-based channel.
Even for un-synchronised network scenarios a number of solutions have been proposed to support contention-free access in the new cell. In this contribution we address these open issues.

2. Discussion

2.1. Intra-LTE handover in synchronised networks
Figure 1 shows the signaling flow involves in intra-LTE handover in a synchronized network. After receiving the UE RAN context from the source eNodeB, the target eNodeB allocates a C-RNTI and assigns resources on UL-SCH. The source eNodeB conveys this information to the UE via a Handover Command message. After receiving the Handover command, the UE detaches from the old cell and synchronies to the new cell. Note that, the UE can adjust the UL timing to the new cell based on the time difference between received signal from the old and new cell in a synchronized network. Then a Handover confirm message is sent via the allocated UL-SCH resources.
The possible use of “UL overhead channels” such as dedicated CQI and scheduling request resources, for the delivery of handover confirm message has also been proposed [1]. In this scenario, the dedicated resources for CQI/scheduling request should be allocated by the target eNodeB and forwarded to the UE via the handover command sent by the source eNodeB. However, in our opinion, these dedicated channels may or may not be presence in all the intra-LTE handover scenarios. For example, use of dedicated resources for CQI reporting and for scheduling requests while in long_DRX has yet to be decided. Hence, we prefer the delivery of handover confirm message over allocated UL-SCH to allow for a common handover procedure for UEs with different activity levels in RRC_Connected state.

[image: image1]
Figure 1: Intra-LTE handover in synchronized network 
2.2  Intra-LTE handover in un-synchronised networks

In an un-synchronised network, the UE can calculate the timing advance to the new eNodeB only if the time difference between the two eNodeBs is signalled to the UE by the source eNodeB. However the calculation of the time difference between the eNodeBs may increase system complexity. If the UE can not obtain the time synchronisation prior to the access in the new cell, the UE needs to access on the non-synchronised RACH channel in the new cell. A number of proposals have been discussed in the previous RAN2 meeting to allow the contention-free access in the new cell. Even though no decision has been made, several companies supported the dedicated preamble based method. In this solution a dedicated preamble is allocated to the UE to access in the new cell and the dedicated preamble is signalled to the UE via the handover command message. After detaching from the old cell, the UE accesses the new cell using the allocated preamble on non-synchronous RACH. Figure 2 shows the signalling flow involved. Note that dedicated preamble may implicitly convey the handover confirmation to the new cell.

[image: image2]
Figure 2: A dedicated preamble based contention-free Intra-LTE handover in un-synchronized 

Message 6 carries Timing Advance for the synchronisation. Other content which may be delivered in message 6 is still to be discussed. For example, the remaining information regarding RB configuration or dedicated UL overhead resources (i.e. CQI/ scheduling request) may be delivered to the UE via message 6.
There are three possibilities for the eNodeB to address the UE in delivery of message 6. 

1). UE can be addressed using allocated C-RNTI

The allocated C-RNTI in the new cell is known to both the UE and eNodeB. Hence, the UE can be addressed using the C-RNTI and resumes normal shared channel operation in the new cell. This is beneficial as the content of the message 6 can be managed on a per UE basis and this speeds up the connection setup in the new cell and reduces interruption time. 
However, addressing UEs individually by their C-RNTI requires a large number of L1/L2 control channels. In [2] it is indicated that 50 – 70 % of the RACH load is caused by the handover access.  Therefore, it is questionable whether it is possible to address UEs individually. 
2). UE is addressed using a common RNTI assigned for RACH access (i.e. RA-RNTI)

Even though the UE uses a dedicated preamble, the UE would share physical RACH resources with other RACH access users. Following the RAN2 agreement regarding the random access procedure, HO access users can be addressed by RA-RNTI which is assigned to a physical RACH channel. The RACH responses for all the users accessed on a given RACH channel are concatenated and sent over DL-SCHs. The allocated DL-SCH resources are indicated on the L1/L2 control channel addressed by a common RA-RNTI.

This is comparable with the agreed baseline HO procedure with only difference being that the UE accesses the cell in contention-free manner. However, in this case, the content of the message is defined by the random access procedure. Hence only limited information (UL-grant, TA) can be delivered in message 6. Subsequently, a DL transmission is needed for the delivery of remaining RB setup information and this possibly results in increased interruption time.

3). UE is addressed using a common RNTI assigned for HO access (e.g. HO-RNTI)

The response for the contention-free RACH access can be optimised for HO users if a separate common RNTI (e.g. HO-RNTI) is used to address these users. The response for HO users are concatenated and transmitted over DL-SCH. The DL-SCH resources are indicated on the L1/L2 control channel addressed using HO-RNTI. In this case the response can be optimised for HO access independently from the random access procedure. 
Considering HO performances, option 1 outperforms the others. However, this is significantly different from the agreed random access procedure. Option 2 supports a common procedure between the agreed random access procedure and the HO access procedure. In our view, a common cell access procedure on non-synchronised RACH channel, regardless of the contention or contention-free access behaviour, is beneficial in reducing the complexity and number of options of the cell access procedure. 
3.


Conclusion 
RAN2 is requested to discuss and agree on the procedure present in section 2.1 for Intra-LTE handover procedure in synchronized networks, where the UE is able to calculate the timing advance to the new cell based on the time difference between the old and new cell. In this scenario, it is beneficial to access the new cell on allocated UL-SCH resources.

RAN2 is also requested to discuss the content presented in Section 2.2 regarding the dedicated preamble based (contention-free) access on non-synchronised RACH channel in new cell in un-synchronized network scenario.
4.
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6. The first DL transmission in the new cell
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