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1. Introduction
The purpose of this document is to present further considerations and proposals on the scheduling of LTE measurement gaps in case more than one LTE frequency or RAT is to be measured as a handover candidate.
Note that the analysis in this contribution is for the non-DRX case.
2. Gap scheduling schemes
In this section, several options are considered for the scheduling of measurement gaps, and some benefits and disadvantages of each scheme are considered. For the purposes of example, we assume that the LTE serving cell has neighbour cells on GSM, UTRAN and one additional (interfrequency) LTE carrier.
2.1 Sequential measurement gap scheduling under network control

This scheme is illustrated in figure 1. It is assumed that first, measurement gaps are activated in the UE. Only one measurement may be made at a time in the UE, and every so often the eNodeB reconfigures the measurement which is being peformed by the UE.  We believe this corresponds to the proposal in [1]. The gaps where no measurement is performed are shown only for completeness but it is expected that efficient E-UTRAN implementations would not trigger UE gaps until the usage of them has been configured.
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Figure 1: Sequential measurement scheduling under network control
Within each block of measurements, it is assumed that the UE autonomously decides whether to use given gaps for cell identification (or BSIC identification in GSM case) or for refreshing measurements (and BSIC verification) of known cells. In this proposal, measurements activations under network control are not “preconfigured” to give more flexibility to network RRM algorithms. For example, network algorithms might wish to modify the order or sequence of measurements depending on what events have previously been reported by the UE. It seems challenging to anticipate exactly what kind of rules would define the gap pattern in a sufficiently flexible way to make preconfiguration possible.
Advantages
· Simple scheme for both the network and UE implementations
· Minimum performance of each single measurement is well defined and understood. No need for combined performance requirements to predict handover performance in any combined scenario.
· Network is in control of the process, and can, for example, allocate more or less gaps towards measurement of a particular RAT. In particular, prioritisation of the search order is straightforward.
· Reconfiguring the pattern monitoring purpose is not time-critical. If an RRC message requesting that the currently activated gap pattern is used to monitor a different frequency/RAT is lost and needs to be re-transmitted, then the worst case impact is that the handover execution is delayed. Once initially activated, the gap pattern between the UE and the network will remain synchronised, and there should be no possibility of uplink/downlink user data loss due to misalignment of the gap pattern usage between the UE and the network.
Disadvantages

· Network does not have any information on how search is proceeding on UE side. It can simply wait for a measurement report from the UE, or after some timeout, move on to the next system. In practice, the UE may be able to determine very quickly e.g. that there is no coverage on the target RAT (e.g. by measuring GSM RSSI). 
· Dependent on successive measurement reconfigurations being performed by signalling
2.2 Parallel measurement gap scheduling under autonomous UE control

This scheme was proposed by Nokia and Nokia Siemens Networks in [2]. Essentially the UE autonomously decides how to best make use of each gap, considering whether its timing is for example suitable for BSIC identification and also depending on the history of the cell search/measurements. For example, if no cells are found on a particular frequency/RAT (e.g. one that is included to neighbour list as a “hotspot” layer then the UE can focus the search more on other layers or RATs). 

[image: image2]Figure 2: Parallel measurement gap scheduling under UE control
In the example scenario in figure 2, even though LTE interfrequency measurements might have been considered as some kind of priority (they are checked first) no coverage is found on the LTE frequency layer and it is only searched fairly infrequently after the initial search. GSM and UTRAN cell search and measurements are interleaved with each other, one benefit being that this allows the UE to schedule BSIC searches on GSM to the gaps that have favourable timing.

Advantages
· Potentially more optimised scheme, with UE able to best decide how each gap should be used, considering the history of the search (i.e. if coverage found) and GSM BSIC timing.
· No reliance on further downlink control messages, once the network has activated the gap sequence and configured measurements
Disadvantages

· Although potentially better performing, the predictability of performance is lost. Not clear how RAN4 could define combined performance requirements without mandating a particular (possibly suboptimal) scheduling or some average time split of measurements by the UE.
· Given the mixture of cell identification and measurement operations which are ongoing, there is no natural and obvious measurement period, which may make L3 filtering of results more difficult
· Increased implementation complexity, at least on the UE side
· Less network control of the search process 
· Network prioritisation of the search order seems difficult, although the UE search can be guided and influenced by what has been detected already. Prioritisation becomes particularly difficult in practice when we also simultaneously try to define robust UE minimum performance requirements for multiple search and measurement layers and RATs
3. Absolute priorities versus measurement order in LTE connected handover
In this section, we consider the applicibillity of absolute priorities in LTE connected handover. First of all, we note that unlike idle mode reselections, handover is primarily a network controlled feature, meaning that the E-UTRAN network can itself apply prioritisation algorithms once all measurement reports have been received from the UE. Thus, priority based handover could be performed in LTE without explicitly signalling the priorities to the UE.

Nevertheless, there may be scenarios where it makes sense to search on a particular RAT or frequency first. This seems to be related more to the probability of finding a suitable target cell rather than the absolute priorities in the idle mode sense. For example, considering a frequency layer reserved for LTE hotspots, the probability of finding a hotspot when reaching the edge of coverage on the serving cell might be rather low, and it would not make sense to expend a large amount of effort on searching on this layer initially, if the serving cell became weak. This is very different to the idle mode scenario, where a hotspot layer would normally be considered to be the highest priority for reselection.
Because of this fundamental difference, we refer to the cell detection and measurement aspect as ordering, rather than as a prioritisation which can also be performed by the network as desired, once all the measurement result are available. In this way, it would even be possible to make cell specific optimisations – for example in an LTE cell where it was known that most handovers were towards GSM, the GSM measurements could be indicated to be performed first. Since the a-priori knowledge about what system or frequency layer is likely to be found exists in the network, this suggests that it may be beneficial for the network to be able to control the measurement order.
4. Conclusions

In this contribution we have reviewed two alternative approaches to measurement gap scheduling in the UE. Given that the network may have significant a-priori knowledge about which frequency layer is likely to be detectable when the UE reaches the edge of a given cell, we believe that sequential measurement gap scheduling under network control is sufficient for handover purposes.

As soon as multiple measurements are configured in parallel in the UE some predictability of the outcome is likely to be lost. Even if it is assumed that the UE does not truly schedule the gaps on the fly, but rather uses a certain number of gaps for cell identification and measurement on one frequency or RAT before moving on to the next one, some autonomous decision making is still being performed by the UE, and it may prove rather hard for RAN4 to define suitable combined performance requirements to ensure and test that any decision making in the UE is working in a beneficial way, without also removing implementation freedom and mandating a particular scheduling.

Proposal: Similarly to [1] we support the following principles:

1. Only a single gap pattern is activated at any one time.

2. An active monitoring gap pattern is associated to a single purpose (i.e. layer) at any one time (e.g. LTE inter-frequency, UTRAN, GERAN). It is up to the eNodeB implementation to prioritise some layers against others and to decide how long each one layer is monitored. The actual definition of layer needs to be in line with 36.304 and 36.331, still TBD

3. The monitoring purpose for the pattern can be reconfigured on the fly as needed by the network. Monitoring purpose reconfiguration requires a very small amount of information and can be performed very quickly because there is no need for de-activating and re-activating a pattern.

4. Performance requirement verification is performed for the single-layer case only. A layer is understood to be one set of carrier frequencies belonging to the same type of RAT (e.g. E-UTRA inter-frequency, E-UTRA TDD, GSM, UTRA)
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