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1
Introduction

This document discusses handover execution procedure and particularly comparing non-contention based HO to RACH based TA acquisition.
2
Discussion
TR 25.912 text based on R2-061703 describes the following two methods for UL resource requests and timing advance acquisition:

-
RACH procedure;
-
Non-contention based access burst procedure.
The non-contention based access burst procedure can be seen as a method for minimising HO delays and interruption times during HO execution. This can be achieved using a short access burst followed normal transmission on UL SCH. At the moment, the agreed figure in the TR does not distinguish between RACH and non-contention based access burst procedure although there are rather clear differences. This document intends to initiate a discussion on the differences between RACH based and non-contention based access burst handover procedures. 

One important requirement to discuss is whether especially in non-contention based handover procedure it is necessary for a UE to receive any parameters from the target cell before accessing the target cell after a handover command. It is also important to discuss whether any data reception from the target cell is needed before the UE interrupts the connection to the source cell. Discussion on UE neighbour cell measurement and decoding capabilities already started when the RAN2 LS in [1] was discussed. Before finalising UE capabilities on the area, it is also important to understand the system needs and E-UTRAN capabilities. RAN and RAN WG discussions and the LTE requirement TR indicate rather tight requirements for handover delays and interruption times. We believe that the necessity for short handover delays and interruption time depends on a service and whether a handover is made within the serving frequency layer or between frequency layers or RATs. This should also be reflected in the UE and E-UTRAN requirements and capabilities. 
In order to minimise handover interruption time for non-contention based access burst handover procedure without wasting UL allocation table resources and UL SCH capacity in the target cell, the UE should perform a “synchronous” handover to target cell. For achieving this, it is our current understanding that the knowledge of the target cell SFN (System Frame Number) timing or something similar is required before the UE accesses the target cell with a short access burst. The needed timing information could be achieve either by the UE reading the information directly from the target cell or alternatively relative SFN timing between the source and target eNB should be provided to the UE through the source BS using open X2 interface. In order to provide the information to the source eNB through the X2 interface it is important to understand how accurately the timing can be estimated with variable HO request and variable HO request confirmation transmission delays. If delays in both the directions are equal, an accurate measure could probably be achieved but further discussions and studies are needed in RAN3 on this. More detailed comparison on achieving target cell timing was presented in R2-061848.
3
Comparison of non-contention and RACH based HO
In this section, we present an initial comparison of RACH and non-contention based handover procedures. In the comparison, it is assumed that that a HO command (Step 4 in the figure 2) will include SFN of source eNB or target eNB, when to perform the synchronous HO (i.e. stop receiving data from source eNB and start decoding UL allocation table in target eNB).  
Procedure wise both using RACH and non-contention based HOs are quite similar. Difference comes from the fact that in the non-contention based HO access burst is not sent in random position but in preallocated one. The allocation for access burst sending could provided when source eNodeB sends context to the target one. Target eNodeB decides suitable allocation and provides it to source eNodeB at an answer (Step 3 at figure 2). When source eNodeB sends HO COMMAND to the UE, it will include the allocation into the message. Alternatively, UE could just obey the HO COMMAND and start listening to allocation table to get the allocation for access burst sending. 

Main advantage of the non-contention based HO is to avoid a contention in the TA acquisition. This is particularly advantageous when multiple UEs are performing HO almost simultaneously e.g. several UEs in the train travelling across cell border.  If normal RACH procedure would be used it would be almost inevitable that multiple UEs will start RACH sending simultaneously and collision will occur, thus causing extra HO delay or even congestion on the RACH channel. Additionally less usage of RACH channel eases network planning, because operator/NW vendor does not need consider HO probabilities when designing capacity for RACH channel.
Unless source and target eNodeB know their SFN difference quite accurately, it would be quite difficult to optimize position of non-contention based HO starting time. This vital in order to enable target cell allocating resources for the UE very soon when UE enters the cell, but still avoiding allocating resources too early. On the other hand, source eNodeB needs to know time when UE is leaving the cell in order to avoid wasted DL/UL allocations before HO starting time. Thus in order for non-contention based HO to be faster than RACH procedure source and target eNodeBs need to be able estimate their timing more accurately than delay caused by RACH collisions and wait time for RACH occasion. One possibility is to estimate UE->Target eNodeB interface delay similarly to UTRAN, where UE reports SFN difference of two cells in UTRAN Measurement Report. The calculated delay is used by target/source eNodeB in estimating optimal starting time for HO execution. 
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Figure 1: HO procedure
4
Conclusions

In this contribution, we have compared the non-contention based access burst handover procedure to RACH based HO. Based on our finding it is expected that non-contention based HO can provide significant performance benefits especially for delay sensitive services. This performance benefit is achieved with slight increase in complexity as additional timing information is needed for the non-contention based access burst handover. 

In order to minimise handover delays when necessary we see it beneficial that E-UTRAN supports non-contention based access burst handover procedure and we hope that this can be presented in the technical specification of RAN2.
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