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Introduction

It is well understood that certain measurements will need to be “gap-assisted”, in the sense that the E-UTRAN needs to provide a period in which the UE can know that no downlink data will be scheduled for it.  This gap allows the UE to take measurements that are incompatible with listening to the serving cell (e.g., on a different frequency).

In [1] and [2], a proposal for the scheduling of measurement gaps was presented.  This document revisits the subject with the aim of providing further details and of evaluating the proposal with the benefit of recent in-group discussions on measurements and bandwidth scenarios.

Discussion

The essential idea of the “measurement gap” is that the E-UTRAN and the UE need to agree (in a loose sense) on the timing of the gap.  Specifically, for the scheme to work without loss of data, two conditions need to be met:

· The UE needs to know, reliably, when the last block of scheduled downlink data before the gap has been delivered (so that it does not leave the serving cell too early);

· The E-UTRAN needs to know a reliable latest time at which the UE could return to the serving cell (so that it does not resume scheduling data for the UE too early).

In addition to these requirements for basic functionality, there are of course “soft” requirements where certain behaviours are desirable for good performance, ease of implementation, &c.  These desirable properties of the gap-scheduling system include the following:
1. Turnaround time should be reasonably quick (e.g., so that a UE with a fading signal has a reasonable chance to take measurements before losing service);

2. Gap scheduling should be sensitive to UE capabilities (for instance, where a UE is capable of making a non-gap-assisted measurement, it should not be given a measurement gap);

3. In general, gaps that are not needed should not be scheduled (so that, e.g., if the UE already has adequate measurements on a neighbouring frequency, it should not be scheduled for gaps to allow measurement of that frequency);

4. To the extent possible, gaps should be scheduled at times when it would be undesirable to transmit data to the UE anyway (e.g., poor radio conditions);

5. Longer-than-necessary gaps should be avoided (e.g., a measurement that requires 10 ms to complete should not involve a 50-ms gap).

Item 1 suggests that the gap scheduling is best handled by MAC signalling, such as CQI reports and downlink data scheduling.  (Note also that the gaps are handled by the scheduler, and so it makes sense to terminate the request/grant process at layer 2.)
In principle, it would be possible to schedule gaps with unidirectional signalling, either by having the UE unconditionally “request” a gap with the CQI report (and then depart to take its measurement without giving the E-UTRAN a chance to approve or deny the request), or by having the E-UTRAN unilaterally determine when gaps should be scheduled (irrespective of whether the UE actually needs them).  However, both of these extremes are somewhat “antisocial”, and items 2-5 above suggest that a closed-loop mechanism for gap scheduling is needed.  A basic mechanism of this sort is shown in Figure 1.
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Figure 1: Closed-loop gap scheduling
Note that the network is ultimately in control of whether the gap is scheduled; the assumption here is that if the gap grant is not sent (or is sent in the form of a refusal) the UE is not at liberty to make gap-assisted measurements.  It might, then, be objected that the gap request is superfluous and that the eNode B should simply decide on the scheduling of the gap by itself.  However, there are several reasons connected to the “soft requirements” above for thinking that the UE should be involved in the process as well:

· The network does not necessarily know what measurements the UE has already been able to take; for instance, a UE in some form of “MAC dormant” state may be able to take measurements during the gaps provided by its DRX cycle, without involving the network.

· The request mechanism allows the UE to attempt to take advantage of periods of poor radio coverage to perform measurements, so that, for instance, a UE encountering a fading signal can make urgent attempts to find another serving cell.

· Although the eNode B can be assumed to know the capability of any UE that is RRC connected, the capability does not necessarily indicate how long the UE needs for any particular measurement.  If gaps were scheduled unilaterally by the network side, the eNode B would always have to assume the worst-case gap for every UE, or else run the risk of not providing a long enough gap.  UE involvement allows the UE to be involved in the prior estimate of the time needed for measurements.
This last item is of considerable interest, especially when future-proofing is considered.  In the mechanism shown in Figure 1, it is not clear how the network should decide what the gap length T should be.  Even if the UE capability provides some hints as to the speed with which the UE can make measurements, the eNode B needs to choose the gap duration conservatively, to be sure that the UE will be able to complete its measurement and return to monitoring the downlink on the serving cell in time.

However, UEs with good luck or advanced measurement abilities—and particularly future UE designs—could finish the measurement early and come back to the serving cell well before the expiration of the actual scheduled gap.  In this case the UE could indicate its return to the serving cell simply by resuming CQI reporting, and the network could infer from the reports that the UE had returned and it could terminate the gap early.
Conclusion

Based on this analysis, we conclude that a closed-loop system mediated by layer 2 signalling is desirable for the scheduling of measurement gaps.
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