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1 Introduction
This contribution identifies some concerns for the measurement gap configuration in a beamformed environment.
2 Discussion
2.1 Issues imposed by beamforming
In a beamformed setting, when a UE is served by a high-gain narrow beam and needs to measure a neighbour cell, the situation is as shown in Figure 1.  We assume the UE measures some form of reference signal (xSS, BRS, etc.) on the lower-gain “common” beams (numbered 1-12 in the figure), including on the serving cell, to allow “apples to apples” comparison with the beams of the neighbour cell.
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Figure 1: A UE with a measurement problem

In the inter-frequency case, of course the UE may need measurement gaps as usual.  In addition, however, and even for the intra-frequency case, the UE of the figure faces at least three issues:

1. The high-gain serving beam potentially interferes with the neighbour beams to be measured.

2. The serving beam potentially interferes with measuring the lower-gain common beams of the serving cell.

3. In comparing the common beams of the serving cell to the common beams of the neighbour cell, the UE is ignoring the actual quality of its serving link.

For points 1 and 2, it is possible to imagine physical layer assumptions that would prevent interference, for instance, by time aligning the xSS transmissions of the cells, then always omitting data transmission during xSS transmission times.  However such assumptions seem too restrictive in general, and obviously pending RAN1 decisions.  It seems needed to consider the interference between the beams for at least some cases.

Proposal 1: In some cases measurement gaps would be required for intra-frequency measurements (including on the serving cell).

Proposal 1 does not address issue 3, that the UE is paradoxically ignoring the quality of its actual service in taking RRM measurements.  In addition, it should be considered when the UE is required to take measurements; in LTE and UMTS the answer is based on the measurements of the serving cell, but if a measurement gap is required to evaluate the serving cell itself, then the UE is in the bad position of needing to use measurement gaps to determine if measurements are needed.

The natural way out is to condition measurements on the quality of the current service, i.e. on the performance of the serving beam.

Proposal 2: The threshold similar to LTE s-Measure should be applied to the serving beam to determine when measurements are required.

It depends on RAN1 decisions what signals would be used to apply such a threshold, it could be e.g. CSI-RS or equivalent.

2.2 Gap patterns, beam sweeping, and sparse RS
The LTE measurement gap patterns are fairly static, a 6-ms gap repeated at intervals of either 40 ms or 80 ms.  Such patterns will not adapt well to beam sweeping, because the gap may miss the occasions when a beam is physically available.  In the worst imaginable cases (depending on the length of the beam sweeping pattern), the gap periodicity could resonate with the beam sweeping time, such that a UE was never able to measure a beam (Figure 2).
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Figure 2: 6-ms gap with 40-ms period always misses beam 9
Any simple periodicity scheme has this sort of problem, unless (1) every gap is long enough to cover an entire sweeping pattern of all the beams, which would likely cause too long an interruption to the serving cell; or (2) the gap period and beam sweeping period are relatively prime, which would result in absurdly long times to complete a measurement.  Something more flexible is needed.

Proposal 3: The measurement gap configuration should be able to consider the beam sweeping pattern of the target cell(s).

The same issue arises if reference signals are sparsely distributed.  There is no point in the UE measuring when no reference signal is transmitted; at best it represents wasted time and energy, and at worst it could also result in incorrectly low values going into the filtering algorithm.

Proposal 4: The measurement gap configuration should be able to consider the timing of the reference signal resources in the target cell(s).

Note that Proposal 4 is probably not necessary if the reference signals are dense, e.g. if the “RS” role is filled by a frequently transmitted sync signal.  A final decision in this respect needs to wait for RAN1 results on the physical layer design.
3 Conclusion

This contribution promulgated the following proposals:

Proposal 1: In some cases measurement gaps would be required for intra-frequency measurements (including on the serving cell).
Proposal 2: The threshold similar to LTE s-Measure should be applied to the serving beam to determine when measurements are required.

Proposal 3: The measurement gap configuration should be able to consider the beam sweeping pattern of the target cell(s).

Proposal 4: The measurement gap configuration should be able to consider the timing of the reference signal resources in the target cell(s).
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