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1
Introduction

Currently several principles of measurements related to handover are agreed as captured in stage 2 TS. In this contribution, we intend to kick off some more detailed discussion on what measurements would be necessary for the support of intra-frequency handover. Note that this contribution is only focused on RRC_ACTIVE UE handover and therefore measurements considered in this contribution are only valid for RRC_ACTIVE UE.
2
Discussion
The followings are some brief candidates of UE and eNB measurements:
· UE measurements (event and periodic)
· Event LTE_I: The downlink quality of serving cell (Ec/No or BER of BCH) became smaller than a pre-defined threshold during a pre-defined duration. This measurement event would allow UE to avoid a continuous searching for neighbouring cells during LTE_ACTIVE state and hence this event would be beneficial for LTE_ACTIVE handover. The downlink quality could be the Ec/No measurement or BLER of BCH for example. Both pre-defined threshold and duration could be a cell-specific parameter. Also this LTE_I may be used just as criteria to kick off NBR search so there may be no clear scenario when this UE reporting of this event is needed.

The downlink quality can be defined for a limited bandwidth of serving cell, i.e. central frequency sub-carriers or over-all system bandwidth. But it would be preferable to have over-all system bandwidth quality which would provide more averaged result than quality obtained from a limited bandwidth.
· Event LTE_II: The downlink quality of a neighbouring cell became higher than a pre-defined threshold during a pre-defined duration. This measurement event would allow serving eNB to be aware of a new appearance of reasonable radio conditioned cell other than the current serving cell. So that the serving eNB would consider this new cell to be a potential handover candidate. The pre-defined threshold can be an absolute threshold or a relative threshold to the quality level of current serving cell. It would be likely that both absolute and relative thresholds are needed for different radio conditions.

The downlink quality of neighbouring cell can be defined for a limited bandwidth of neighbouring cell, i.e. central frequency sub-carriers, or over-all system bandwidth. It would be useful to have RAN1 opinion on the measurement capability of neighbouring cell whether UE can measure the over-all system bandwidth of neighbouring cell with reasonable complexity or not. 
· Event LTE_III: The downlink quality of a neighbouring cell became lower than a pre-defined threshold during a pre-defined duration. This measurement event would allow serving eNB to be aware of a disappearance of reasonable radio conditioned cell other than the current serving cell. So that the serving eNB would remove this cell from the potential handover candidate. Likewise Event LTE_II, the pre-defined threshold can be an absolute threshold or a relative threshold to the quality level of current serving cell. It would be likely that both absolute and relative thresholds are needed for different radio conditions.
· Event LTE_IV: The downlink quality of a neighbouring cell became higher than that of serving cell during a pre-defined duration. This measurement event would allow the serving eNB to be aware of a new cell of better radio condition than the serving cell. This new cell would be of natural candidate of handover. 
· Active Set related: In UTRAN, there are some measurement events closely related to the concept of active set. For example, the event 1C was defined as a non-active CPICH becomes better than an active CPICH. However, in LTE, the soft-combining of multiple radio links is no longer supported, hence the concept of active set is no longer valid as well. Consequently, the event 1C like active set related events are also no longer needed as well. 
· Periodic: The downlink quality of neighbouring cells listed in NBR set. Similar to GSM system, this periodic measurement could provide basis for handover decision. A minimum number of measurements per each neighbouring cell at given time constrain should be considered. In GSM, UE was capable of performing at least 120 measurements per second and similar performance could be demanded for LTE UE as well. Then based on the periodic measurement, the serving eNB could perform the filtering for a reliable decision.
· Note that this periodical reporting should also include the detected cells (i.e. cell not included in NBR set but detected by UE).
· Downlink Quality

· RSCP, Ec/No and Pathloss: Among several downlink quality measurements, at least these three measurement quantities could be considered as a starting point of consideration. Ec/No could provide the level of the interference whereas the path-loss could show the downlink quality averaged over the shadow fading. 
· BLER of BCH: When BLER of BCH is considered for the measurement quantity, then the scheduling interval of BCH has to be taken into account on the required measurement duration to obtain a well averaged quantity. If this BCH BLER measurement gives more or less similar information on radio condition than other downlink quality measurement, we can consider not to have this measurement for simplicity.
· eNB internal measurements 
· CQI reporting; The mobile in ACTIVE state would continuously report the CQI for scheduling. This MAC layer signalling can be then forwarded to RRC layer (after some eNB internal filtering) so that eNB can request UE to start the handover preparation after detecting channel degradation. Reusability of already available signalling should benefit LTE where the RRC and MAC layer are co-located in a same node. However the detail of this procedure would be out of scope of standardization. Note that RAN2 agreed eNB can configure CQI reporting to be averaged over entire system bandwidth.
· UL pilot strength at own cell; Although the RAN1 study on the uplink power structure is yet to be analysed from RAN2 perspective, one could propose the uplink channel quality measurement as eNB internal measurement that can be utilized for initiation of handover preparation. This measurement would be of particular interest for a UE whose uplink traffic is more dominant than the downlink traffic or UE has continuous uplink traffic. The long term uplink channel quality and long term downlink channel quality (i.e. path loss) is usually considered as equivalent hence it would be possible to reuse this pilot measurements for continuously on-going uplink traffic cases. 
· UL pilot strength at neighbouring cell; Although it is not clear whether a cell could measure the uplink quality of non-serving UE, one could propose the uplink pilot strength at neighbouring cell could be a candidate measurement that can be used for neighbour search initiation. To allow this non-serving UE channel measurement, it seems some coordination efforts are needed between neighbouring enhanced node Bs. For example, the frequency time location of non-serving UE has to be shared by neighbouring cells which would be cumbersome in the presence of a large number of neighbouring enhanced node Bs and UEs. Nevertheless, even if the non-serving uplink quality measurement is feasible, RAN2 should consider what additional benefit of neighbouring cell UL quality measurement could bring.
· UL timing adjustment at own cell; Although it is not genuinely true that the distance between UE and enhanced node B would be the major factor for handover decision, it would be considered to be possible that this distance measurement is a helpful measurement for handover preparation in addition to other measurements available. Note that the serving cell would manage the timing advance in order to maintain the uplink timing of UEs, and therefore this measurement should be available for free, without any elaboration by UE and eNB. This measurement would be likely located in physical or MAC layer of node B but this can be filtered for use of RRC layer.
· Load info from neighbouring cells; Although the detail is yet to be discussed, it is agreed in RAN3 that the enhanced node B could communicate with neighbouring node Bs in order to exchange the load information each other. This inter node B load info would be transmitted over X2 interface in a periodical or event-trigger manner. Then receiving upon load information, it would be possible for a congested node B to initiate handover preparation of several UEs in order to re-distribute its local load to less-congested node Bs. 
3
Conclusions

In this contribution, we intended to kick off the detail discussion on the measurement quantities for intra-frequency intra LTE handover. We propose the following UE and eNB measurements as starting point of discussion:

· Event LTE_I: Downlink quality of serving cell becomes smaller than a pre-defined threshold during a pre-defined duration.
· This may not be event for reporting but instead criteria for other measurements.

· Event LTE_II: Downlink quality of a neighbouring cell becomes higher than a pre-defined threshold during a pre-defined duration.

· Event LTE_III: Downlink quality of a neighbouring cell becomes smaller than a pre-defined threshold during a pre-defined duration.

· Event LTE_IV: Downlink quality of a neighbouring cell becomes higher than that of serving cell during a pre-defined duration.

· Periodic reporting of downlink quality of neighbouring cell listed in neighbouring set.
· In addition to the above measurement events by UE, the eNB can further perform the following measurement for handover decision:

· CQI reporting and its filtered measurement

· Uplink pilot strength at serving cell

· Uplink pilot strength at non-serving cell (a feasibility needed to be confirmed with RAN1, if RAN2 feels it is necessary)
· Uplink timing adjustment level at serving cell

· Load information from neighbouring cell (via X2 interfaces)
