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1
Introduction

This document discusses intra RAT handover procedures from the concept requirement perspective.  
RAN2 has already agreed that network controlled UE assisted handovers are the main handover mechanism. This type of handovers is expected to have at least the following phases: 

· Measurements for handover evaluation

· Both UE and NodeB measurements may be considered

· Measurement reporting from UE to E-UTRAN

· Handover decision

· Handover execution

Some of the above-mentioned handover procedures will not be defined in the specifications but will be network vendor specific. In this document, we discuss handover procedures from the standardisation perspective and what concepts need to be developed in order to ensure that the final network specific handover procedures can be well optimised for different typical E-UTRA operational environments. As the handover execution part of the handover procedure is separately covered in another document [1], we concentrate on other phases of the handover procedure in this contribution. 

2
Discussion
2.1
Handovers within the serving frequency layer
The handover within the serving frequency layer is considered as the primary handover method. It is important to ensure that E-UTRA mobility concept within the serving frequency layer is well supported in a frequency reuse = 1 network in order to avoid unnecessary interference to the system. This means that the handover procedure should be relatively fast, accurate and reliable. It is, however, important that the reliability of handovers is not sacrificed too much to achieve a fast handover procedure. Thus, special emphasis needs to be put to the optimisation of the handover procedures within the serving frequency layer (i.e. neighbour cell has the same carrier frequency as the serving cell) in the concept development phase. This requires optimisations both in the RAN1 and RAN2 specifications as well as in the UE capabilities. 
In order to allow well performing UE mobility support within serving frequency layer cell search for identifying a new cell and level measurements for the identified neighbour cells should be carefully optimised. It is expected that the operating bandwidth within the serving layer remain unchanged in most cells within the serving frequency layer in order to fully deploy the performance benefits that the E-UTRA system with various bandwidth options provides. Different E-UTRA bandwidth deployment related issues are discussed further in the RAN4 and RAN1 contributions [3] [4]. The Node B operating bandwidth may occasionally be different between the serving cell and neighbour cells. This could happen e.g. for cost saving reasons when environment changes significantly (e.g. from urban to rural environment). Since RAN1 has agreed as a working assumption that the synchronisation channel is transmitted in the 1.25 MHz middle bandwidth of the whole operating band, the neighbour measurements can be carried out without frequency changes. RAN1 currently discusses the details of cell search procedures and corresponding common control channels. In addition to the basic cell search using synchronisation channel and reference (pilot) channel, it may be necessary for the UE to read some information from the neighbour cell prior to or during the handover execution.  Decoding of BCH from a neighbour cell may be necessary in parallel to the data reception from the serving cell in order to minimise handover interruption times. . However, it is important that BCH decoding from neighbour cells is minimised in order to allow efficient UE power savings when UE utilises DRX/DTX and in order to keep UE complexity reasonable. Needs for BCH decoding from neighbour cell and cases when it should be supported by a UE should be carefully investigated in RAN2. This would then allow further optimisations of the UE mobility support within the serving frequency layer. 
The RAN1 contribution [2] discusses further optimisations of neighbour cell measurements within the serving frequency layer. The document discusses the benefits of extending the minimum UE DL bandwidth capability from 10 MHz to “10MHz+” so that all UEs would be able to receive the middle 1.25 MHz bandwidth even in case of 20 MHz DL operating bandwidth. This enhancement would mean that no UL/DL idle periods would be needed in any neighbour cell measurements within the serving frequency layer. This slight increase in UE complexity is expected to clearly simplify the system and thus small increase in UE complexity could be justified. 

In order to ensure efficient UE mobility support within the serving frequency layer in different operational scenarios also the following aspects need to be carefully analysed and designed during the WI phase in RAN2:
· For UE power savings purposes, it is necessary that UE measurement activity may vary for different DRX/DTX periods. Hence, UE performance requirements for neighbour cell measurements developed by RAN4 will also need to dependent on DRX/DTX length. Otherwise, the extensive measurements would annul the power saving efforts when the DRX/DTX period is long. In low activity cases, longer HO delays can also be accepted.

· Additionally it should be investigated whether the UE measurement activity and measurement targets could be further reduced in good signal conditions for the serving cell.

· It is expected that both the event-triggered and periodical measurement reporting need to be supported in E-UTRA similar as in UTRA. However, cases, where periodical reporting is needed, should be analysed carefully in order to reduce the number of options in the system and thereby allow the optimisation of the E-UTRA reporting scheme. E.g. starting and stopping of periodical reporting could be based on some events and periodical reporting could be paused if nearly no changes in the measured levels take place. The measurement reporting scheme in E-UTRA should efficiently support different mobility and deployment scenarios as well as UE power saving through DRX/DTX. Therefore we believe that it would be beneficial to study adaptive event-triggered reporting parameters like time-to-trigger. If e.g. UE would automatically adjust its time-to-trigger parameter value used in event-triggered reporting when DRX/DTX period changes, it would be easier for the network to ensure reliable handover reporting in different situations. The automatic adjustment of event-triggered reporting parameter would naturally be controlled by the network with its parameter setting but it would not be necessary to explicitly signal the change in reporting parameters when DRX/DTX period changes. Adaptive event-triggered reporting parameters would e.g. make it possible to avoid unnecessary reports from the UE to the network due to reduced amount of measurement filtering when DRX/DTX period increases. When DRX/DTX periods again reduce e.g. due to increase in data reception and transmission, automatically adjusted shorter time-to-trigger parameter would ensure that handover are not delayed unnecessarily.
· Need for different measurement quantities used for reporting should be carefully considered in order to avoid unnecessary complexity. The benefits of each quantity should be weighed against the feasibility in both L1 (concept details, receiver complexity and processing requirements) and L2-L3 (timing, length, scheduling, and signalling requirements). E.g. the fact that no common pilot is considered for E-UTRA is expected to have some implications on UE DL measurement quantity definition.
· Primarily handovers should be performed using a neighbour list. Some special cases with more relaxed requirements could be considered without neighbour list. The cases and needs for neighbour cell measurements without explicit neighbour list should be studied still further. 

2.2
Handovers between frequency layers 
Gap assisted measurements are needed for preparing handovers between frequency layers (i.e. the neighbour cell has different carrier frequency from the serving cell). As the gap-assisted measurements may disturb the user data transmission, carefully designed NW algorithms are essential in order to avoid measurements with gaps when no HO is really needed.
In principle, there are two approaches for the control of the UL/DL idle periods for measurements:

· The idle period scheduling is solely controlled by the network, where the network analyses and decides when additional idle periods are needed. In order to be able to do that, it must have information about the UE capabilities, i.e. information on need for UL/DL idle for the requested measurements and information on the buffer status to be able to estimate the near future traffic density.

· The idle periods are requested by the UE when it notices that it cannot carry out the needed measurements by using the naturally occurring idle periods.

The network-controlled idle period scheduling is expected to work better, because the UE has no knowledge about the downlink buffer status while the network gets this information about the UE from its buffer status messages, so the NW knows better the status of future traffic i.e. potential occurrence of natural gaps.. There is also a notable delay in the UE-controlled method, because the network must still grant the idle periods although the UE can detect the need for those. NW knows the UE performance and gap needs based on the minimum performance requirements. The minimum performance requirements are needed even if the UE requested gaps for measurements. Having all the necessary information and being able to make the decision itself, the network can obviously do it faster. Another piece of information missing from the UE is the situation of the other UE’s in the cell and the network load situation in general, so it might ask for gaps that are unsuitable from the wider point of view.
 
It is expected that in many cases there are enough natural DRX/DTX periods for performing neighbour cell measurements between frequency layers. Thus, no specific gap signalling is needed in these cases. The measurements performance should be ensured by appropriate performance requirements. 
3
Conclusions
In this contribution we have considered different intra-RAT handover aspects. The optimisation of handover support within the serving frequency layer is seen as the highest priority mobility support. The benefits of adjusting UE measurement activity and measurement reporting parameters to different DRX/DTX periods are also discussed in the contribution. Good mobility support between different frequency layers should be defined for E-UTRA. It is expected that primarily UE measurements of cells on another frequency layer are performed with help of UL/DL idle periods. Based on our initial analyses network controlled UL/DL idle period scheduling is seen more efficient than UE requested UL/DL idle period control. 
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