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1 Introduction
This contribution identifies and discusses some issues related to measurement gaps for both SS and CSI-RS, and their configuration information.
2 Discussion
2.1 Gap patterns for SS
The LTE measurement gap patterns are fairly static, a 6-ms gap repeated at intervals of either 40 ms or 80 ms.  RAN1 have now agreed that the SS burst set is confined to a 5-ms window, so a fixed 6-ms gap size may still be applicable for NR.  It could be considered whether a shorter gap can be configured to minimise the interruption, but assuming that a “normal” SS burst set configuration uses most of the available 5 ms, the benefit may be limited.  RAN1 have left it to performance requirements to determine the minimum SS burst set length.

Proposal 1: As a working assumption, NR uses a fixed size measurement gap for measuring SS.  A configurable gap can be considered if RAN4 find that the minimum SS burst set length is significantly less than the maximum.

In general, it seems necessary that the UE’s serving cell should configure a measurement gap pattern relative to the transmission of the SS burst sets on the target frequency.  The desirable gap pattern would align with the target cells’ SS burst sets as shown in Figure 1.
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Figure 1: Ideal scheduling of measurement gaps

Proposal 2: The measurement gap configuration for SS should take into account the SS burst set transmission schedule of the target measurement object.

If the cells within a frequency are not at least quasi-synchronous with aligned SS occasions, it may be impossible to create a reasonable gap pattern that covers SS for all cells on the frequency.  In this case we assume the network would need to apply some sort of best-effort configuration that allows the UE to detect as many of the nearby cells as possible.  This can be left to network implementation.

The relevant configuration of the target frequency in the time domain consists of the time when the SS burst set transmissions start (relative to the timing of the serving cell) and the SS burst set periodicity.  The latter should divide the periodicity of the measurement gap pattern; the former indicates when the actual measurement gap should be scheduled.

Proposal 3: In the time domain, the serving cell configures the measurement gap pattern with a start time and periodicity based on the SS burst set configuration of the target frequency/frequencies.

Proposal 4: The gap pattern periodicity for SS measurement should be a multiple of the SS periodicity.
2.2 Gap patterns for CSI-RS

For CSI-RS, the gap pattern depends on the time domain resources assigned to the mobility CSI-RS on the target frequency.  Based on RAN1 input, these resources are intended to be indicated to the UE in dedicated signalling and the gap configuration can be provided at the same time.

Proposal 5: The measurement gap configuration for CSI-RS is provided in dedicated signalling along with the CSI-RS configuration.

Based on the RAN1 agreements there is the possibility that CSI-RS for L3 mobility could be aperiodic.  Until we know what kind of aperiodic configuration RAN1 are envisioning, it seems difficult to define a matching gap configuration.  However it seems safe to say that an aperiodic gap pattern, to match the CSI-RS transmission resources, will be needed.

Proposal 6: Both periodic and aperiodic gap pattern is supported for measuring CSI-RS.
The timing of CSI-RS is determined relative to the timing of a reference cell and per RAN1 agreement, “NR cell ID for time reference of CSI-RS(s) is informed to the UE”.  This suggests that to measure CSI-RS the UE would need to acquire the timing of the reference cell by reading an SS block first.

Proposal 7: The gap pattern for CSI-RS includes opportunities to read SS of the reference cell.
2.3 Gap pattern as measurement configuration
Because the numerology and timing of different frequencies may vary widely, a gap pattern configured for one frequency (or range of frequencies) may not be suitable for another.  E.g., the concerned reference signals may have different periodicity on the two frequencies, or may have the same periodicity but occur out of phase with each other.  It is clearly useful for the gap pattern to be frequency-specific.  However, this creates some complexity compared to LTE, since now the network needs to know which frequency the UE will measure in order to schedule data according to the corresponding gap pattern, as opposed to allocating a single gap pattern valid for all target frequencies as done in LTE.  The alternative would be for the network to allocate a “worst case” gap pattern, but if there are multiple frequencies not synchronised with one another this may be infeasible to achieve in practice.

Proposal 8: Consider the following alternatives:

1. The measurement gap pattern is frequency-specific, and the network controls which frequency the UE measures.

2. The network is responsible for allocating a UE-specific “worst case” measurement gap pattern that gives the UE adequate coverage of all neighbour frequencies.

Unlike LTE where the measurement gap is provided only to create tune-away opportunities, the NR measurement gap pattern also needs to serve as a measurement configuration, i.e. it tells the UE when the target signals are transmitted.  This means most obviously that the gap pattern needs to align with the timing of the reference signals (SS or CSI-RS), as proposed above.  Even in the intra-frequency case, where no tune-away may be needed, the same configuration information about the target signals is needed.  We suggest that this can be achieved by sending the gap configuration also for intra-frequency measurement.
Proposal 9: The gap configuration can be reused in the intra-frequency case as the time domain portion of the measurement configuration towards the target object.
In the intra-frequency case, it should not be necessary for the gNB actually to stop downlink transmission during the “gap” occasions, but the measurement configuration still needs to include the gap parameters, e.g. mapping information of the SS/CSI-RS, frequency and time information, etc.  The needed contents of the configuration are discussed further in [1].
3 Conclusion

This contribution promulgated the following proposals:

Proposal 1: As a working assumption, NR uses a fixed size measurement gap for measuring SS.  A configurable gap can be considered if RAN4 find that the minimum SS burst set length is significantly less than the maximum.

Proposal 2: The measurement gap configuration for SS should take into account the SS burst set transmission schedule of the target measurement object.

Proposal 3: In the time domain, the serving cell configures the measurement gap pattern with a start time and periodicity based on the SS burst set configuration of the target frequency/frequencies.

Proposal 4: The gap pattern periodicity for SS measurement should be a multiple of the SS periodicity.
Proposal 5: The measurement gap configuration for CSI-RS is provided in dedicated signalling along with the CSI-RS configuration.

Proposal 6: Both periodic and aperiodic gap pattern is supported for measuring CSI-RS.
Proposal 7: The gap pattern for CSI-RS includes opportunities to read SS of the reference cell.
Proposal 8: Consider the following alternatives:

1. The measurement gap pattern is frequency-specific, and the network controls which frequency the UE measures.

2. The network is responsible for allocating a UE-specific “worst case” measurement gap pattern that gives the UE adequate coverage of all neighbour frequencies.

Proposal 9: The gap configuration can be reused in the intra-frequency case as the time domain portion of the measurement configuration towards the target object.
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