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Introduction

This document describes a proposed approach to measurement gap scheduling, based on the models discussed in recent RAN2 meetings.  Draft text for a stage 2 description is included.

Discussion

The general situations that require gap-assisted measurements are well understood.  With the increase in the minimum downlink UE capability to 20 MHz, a very large fraction of measurements will be non-gap-assisted; the major cases requiring gaps take place across carriers in multicarrier systems, across adjacent PLMNs operating on different centre frequencies, and between RATs.

In general, and unlike inter-frequency measurements in UMTS, these cases all represent situations where the UE should be rather reluctant to leave the serving cell; mobility between RATs or PLMNs should never be undertaken lightly, and mobility between carriers is likely to be service-based or part of a large-scale (and non-time-critical) load-balancing effort in the network.  Accordingly, a UE in good radio conditions should generally have no great need to take frequent gap-assisted measurements; only when conditions start to degrade (e.g., approaching the edge of an LTE “island” surrounded by UMTS coverage) do these measurements become critical.  These observations argue for UE involvement in the scheduling of measurement gaps; in particular, when a UE is in good radio conditions, there is no point in sending it to take frequent measurements.
On the other hand, it is fairly clear that the length of a gap should be determined by the network.  A UE that is receiving only a delay-tolerant downlink service could be granted a long gap, where a UE on a high-bandwidth service with low delay tolerance should be granted only short gaps, especially if there is queued downlink data.  The network is better informed than the UE about these considerations, hence better qualified to determine how long a gap the UE can safely take.  (The corresponding concern regarding uplink data queuing does not need to affect the length of the granted gap, provided there is an early-return mechanism.)
Finally, especially in the inter-RAT case (where search time on the other RAT could be affected by almost anything, depending on the nature of that system and its measurement procedures), it is difficult for the serving network to have detailed knowledge of the conditions the UE will encounter during measurement.  Accordingly, the length of a gap-assisted measurement could be not only fairly long, but highly unpredictable.  In the worst cases a measurement could be very long indeed, e.g., if the UE is looking for a system that may not be present at all.  Thus an “early return” mechanism is desirable, so that (where QoS concerns, data queues, &c. permit) the network can grant a long gap to allow for potential slow measurements, but a UE that “gets lucky” and completes the measurement quickly, or a clever implementation that takes measurements much more quickly than the minimum performance requirement, can return to service at once.  As noted above, this mechanism also allows a UE to abandon its attempt to take measurements and return to service if it has an urgent need to transmit uplink data.
The necessary quick turnaround of gap request/grant signalling suggests the use of layer 2 signalling: an uplink request from the UE, followed by a “grant/deny” indication and possibly a gap length from the network.
Conclusion

Based on the above analysis, we conclude:
· L2 signalling is used for determining measurement gaps;

· Gaps are requested by the UE and granted or denied by the network;

· Where a gap is granted, the network provides a maximum length;

· The UE can indicate early return if it completes the measurement before the maximum gap length.

The attached text proposal describes these conclusions.
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10.1.3
Measurements

Measurements to be performed by a UE for intra/inter-frequency mobility can be controlled by E-UTRAN, using broadcast or dedicated control. In RRC_IDLE state, a UE shall follow the measurement parameters defined for cell reselection specified by the E-UTRAN broadcast (as in UTRAN SIB). The use of dedicated measurement control for RRC_IDLE state is FFS. In RRC_CONNECTED state, a UE shall follow the measurement configurations specified by RRC directed from the E-UTRAN (e.g. as in UTRAN MEASUREMENT_CONTROL).

Depending on whether the UE needs transmission/reception gaps to perform the relevant measurements, measurements are classified as gap assisted or non gap assisted. A non gap assisted measurement is a measurement on a cell that does not require transmission/reception gaps to allow the measurement to be performed. A gap assisted measurement is a measurement on a cell that does require transmission/reception gaps to allow the measurement to be performed.

Intra-frequency neighbour (cell) measurements and inter-frequency neighbour (cell) measurements are defined as follows:

-
Intra-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are intra-frequency measurements when the current and target cell operates on the same carrier frequency. The UE shall be able to carry out such measurements without measurement gaps. 

-
Inter-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are inter-frequency measurements when the neighbour cell operates on a different carrier frequency, compared to the current cell. The UE should not be assumed to be able to carry out such measurements without measurement gaps.
Whether a measurement is non gap assisted or gap assisted depends on the UE's capability and current operating frequency. The UE determines whether a particular cell measurement needs to be performed in a transmission/reception gap and the scheduler needs to know whether gaps are needed:
-
Same carrier frequency and cell bandwidths (Scenario A): an intra-frequency scenario; not measurement gap assisted.

-
Same carrier frequency, bandwidth of the target cell smaller than the bandwidth of the current cell (Scenario B): an intra-frequency scenario; not measurement gap assisted.

-
Same carrier frequency, bandwidth of the target cell larger than the bandwidth of the current cell (Scenario C): FFS.

-
Different carrier frequencies, bandwidth of the target cell smaller than the bandwidth of the current cell and bandwidth of the target cell within bandwidth of the current cell (Scenario D): an inter-frequency scenario; measurement gap-assisted scenario.

-
Different carrier frequencies, bandwidth of the target cell larger than the bandwidth of the current cell and bandwidth of the current cell within bandwidth of the target cell (Scenario E): an inter-frequency scenario; measurement gap-assisted scenario.

-
Different carrier frequencies and non-overlapping bandwidth, (Scenario F): an inter-frequency scenario; measurement gap-assisted scenario.
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Figure 10.1.3: Inter and Intra-frequency measurements scenarios

Measurement gaps are provided and controlled by the network in response to UE indications.  The UE indicates the need for a measurement gap in layer 2 signalling (e.g. CQI reporting); it is then required to wait for a response from the network in downlink layer 2 signalling (e.g., on the scheduling channel), indicating whether a gap is granted, and if so, a maximum duration for the gap.  After receiving permission, the UE is free to take measurements for the duration of the gap.
If the UE is able to complete measurements before reaching the maximum gap duration, it can indicate an early return (e.g. by resuming CQI reporting), and the network resumes scheduling data normally for the UE; otherwise the network will assume that it can resume scheduling the UE when the gap duration has passed.
10.1.3.1
Intra-frequency neighbour (cell) measurements

In a system with frequency reuse = 1, mobility within the same frequency layer (i.e. between cells with the same carrier frequency) is predominant. Good neighbour cell measurements are needed for cells that have the same carrier frequency as the serving cell in order to ensure good mobility support and easy network deployment. Search for neighbour cells with the same carrier frequency as the serving cell, and measurements of the relevant quantities for identified cells are needed.
NOTE:
To avoid UE activity outside the DRX/DTX cycle, the reporting criteria for neighbour cell measurements should match the used DRX/DTX cycle.

10.1.3.2
Inter-frequency neighbour (cell) measurements

Regarding mobility between different frequency layers (i.e. between cells with a different carrier frequency), UE may need to perform neighbour cell measurements during DL/UL idle periods that are provided by DRX/DTX or packet scheduling (i.e. gap assisted measurements).

10.1.3.3 Inter-RAT neighbour (cell) measurements
See section 10.2.3.1
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