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1. Introduction

Contention based resources (RACH) always have the drawback of inefficient operation. Estimates about the RACH collision probability and resource efficiency are given in [1].
Problem:

· Either the delay will increase if the amount of RACH resources is not sufficient, or 
· The number of RACH resources will increase to an inefficient amount
· In any case the system immanent opportunities that derive from the OFDM based approach were not yet taken into account to improve the efficiency of the LTE system.
We thus think that the alternatives for the access procedure during handover and into the target cell were not yet sufficiently studied and should thus be further examined and improved.
This document shows possible alternatives for the currently discussed contention based RACH access during handover.
2. Discussion

2.1. Present agreed status of the Handover procedure

The present status contains for the UE synchronisation on the target cell:
· An explicit message for synchronisation (Figure 1, step5)

· Followed by a message from target cell with information for the UL allocation and the TA (Timing Advance) value

· The synchronisation and HO is explicitly confirmed by an UL message to the target cell (Figure 1, step6)

This Handover procedure is needed for initial access in any case; it should be kept as a mandatory fallback solution, although it is not optimized for faster handover procedure. 

For the case of a delay optimized handover procedure, which is in line with the fallback solution, we propose the solution as in the following chapter 2.2.
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Figure 1: Overview of current status of the handover procedure

2.2. Proposed access schemes for handover into the target cell

The proposal “RACH-free access” improves (see Option C in [3]) the access procedure during handover execution regarding

· delay and 
· resource efficiency 
compared to the present access procedure via the contention based RACH.

This benefits are achieved by the 

· pre-synchronisation of the UE and the target eNB in the HO preparation and
· an implicit HO confirm via the reception of ACK/NACK in the uplink
· an implicit HO confirm via the reception of UL data
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Figure 2: Overview of the RACH-free access

The proposed pre-synchronisation during HO procedure in brief: 
a) Timing advance and quality evaluation by the target eNodeB in asynchronous (or synchronous) networks:

The source eNodeB provides UE context information to the target eNodeB within message 2 “Context Data”.
· the UE context information may e.g. include information about the reference channel structure, i.e. pilot symbols, and the used frequency range for the past, present, or even some future scheduled uplink radio resources for this UE
After reception of the message 2 “Context Data”, the target eNodeB evaluates the uplink radio situation during normal uplink transmission of the UE to its serving eNodeB (i.e. the source eNodeB).
· the quality of the uplink radio channel between UE and the target eNodeB

· the timing advance for the UE in the target eNodeB.

Based on local information (e.g. load and availability of resources) and the evaluated uplink radio situation, the target eNodeB decides whether to take the UE or not. If the UE may access the target eNodeB´s radio cell, the following information can be sent to the source eNodeB (within message 3 “Context Confirm"):

· new UE identifier in the candidate eNodeB if the UE shall perform its handover to this candidate eNodeB

· timing advance for the UE in the target eNodeB

· uplink path loss e.g. in form of or together with channel quality indicator(s)

· downlink and uplink resources. These may also be predefined (well-known, cell specific)
b) Prior timing advance evaluation by the UE in synchronous networks:

Under the assumption that the radio frames are synchronized and identified uniquely in both eNodeBs (target and source), the UE can evaluate the timing advance for the target eNodeB autonomously.
c) Uplink data transfer from target eNodeB to aGW

· Uplink data may be buffered and reordered in the target eNodeB before the target eNodeB receives the message “HO Complete ACK” from aGW
Benefits:

· The UE is able to perform an expedited handover execution without collision, thus the handover interruption time is very low.

· No RACH resources need to be reserved for the handover access case.

Additional information such as uplink radio channel quality and path loss is available in the target eNodeB for decision whether to take over the UE or not.
Under the assumption that in the radio cell controlled by the source eNodeB no uplink transmission is sent by the UE at all, the target eNodeB would not be able to derive any uplink radio channel information. Then at least the alternative presented in [4] can still improve the system efficiency and decrease the handover interruption time while at the same time reducing the necessary RACH resources. In brief: Contention-free Access via UL-SCH: ”Use Non-Contention based Resource Blocks (NCRB), i.e. UL-SCH instead of Contention based Resource Blocks (CRB), i.e. RACH for access purpose in HO scenario”

3. Summary

In this document we indicated that more benefit could be derived from the LTE system immanent opportunities. The presented handover access would decrease the handover interruption time, while also decreasing the amount of reserved resources for the RACH and additionally increase the other UE’s initial access success probability. 
4. Proposal
We propose to

· take into account the contents of this document for the discussion of the access procedure during handover
· consider the RACH-less access for handover into a target radio cell as an alternative
· consider the contention-free access via UL-SCH for handover to a target radio cell as an alternative
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