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1
Introduction
For the WID on “Small Cell Enhancements – Physical Layer Aspects” [1], there was good progress for the RAN2-related aspects of DRS measurement procedures in RAN2#87 [2]. It was decided that no new measurement gap patterns would be introduced due to DRS measurements, but it was not considered yet was how the measurement gaps and DMTC occasions work together. In this contribution, we consider how inter-frequency DRS measurements could be done with existing measurement gaps and whether additional DMTC periodicity values should be defined.
2
DRS Measurements with Measurement Gaps
Network typically configures measurement gaps for a UE when inter-frequency measurements are required and the UE capabilities indicate gaps are required. Since each gap causes some loss in scheduling opportunities for the network, when several UEs require gaps at the same time, a typical strategy is to spread the gap starting point in time.

According to the latest RAN1 and RAN2 agreements (see [2] and [3]), no new measurement gap patterns are introduced for the purpose of DRS measurements, and the UE can be configured with a single DMTC contribution per carrier frequency. This means that the UE could, conceivably, have separate DMTC configuration for different frequencies – see Figure 1 below for example.
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Figure 1. Example of Per-Frequency DMTC configuration

In such a case, the UE would have many measurement occasions but the occasions would not overlap for the frequencies. Hence, the UE may end up measuring DRS quite frequently.

2.1 DMTC and DRS Configurations
In RAN1 discussion, there has been a division to DRS configuration (the cell configuration when the DRS are transmitted) and DMTC configuration (the UE configuration when the UE is expected to measure the DRS). Considering that RAN2 should be concerned about the UE configuration, we think that only the DMTC configuration matters from UE perspective, i.e. the times when the UE can measure the DRS. As per the usual RRM measurement principles, when the UE exactly does the measurements can be left up to UE implementation as long as the UE can meet the RAN4 performance requirements.

Proposal 1: The signaled DMTC configuration only indicates when the UE can do DRS measurements. How the UE does the measurements to meet the performance requirements is left up to UE implementation as long as the UE meets the RAN4 performance requirements.
2.2  DRS Measurements during Measurement Gaps
RAN1 has currently defined only values for 40, 80, 160ms for the DMTC configuration. These can be made to coincide with the gap patterns of 40/80ms at least partially (e.g. for 40ms gap pattern and 160ms DMTC, every 4th gap can coincide with the DMTC occasion). However, at least with the 160ms periodicity there is an unanswered question: What shall the UE do if when the DMTC and measurement gap are not overlapping?

It seems reasonable to assume that UE only uses the measurement gaps for DRS measurements when the gaps coincide with the DMTC pattern(s) the UE is configured with. Hence, some gaps might be left unused in case there are no other measurements except DRS measurements. These “leftover” gaps would then be utilized for normal CRS-based RRM measurements, based on the configured measurement events, or might not be used for anything at all. 
Observation 1: UE can only measure DMTC during measurement gap if the DMTC occasion overlaps with the gap. Hence, some gaps may remain unused for DRS measurements.
It is also clear that DRS may differ from the DMTC occasions, i.e. it is up to the network how to send the DRS and how to assign the DMTC opportunities to the UE. All that is required is that the UE is aware when the measurements should be done.

Observation 2: The UE DMTC configurations may differ from the actual DRS configuration of a measured eNB.

Normally eNB will try to schedule the measurement gaps so that not every UE starts the gaps at the same time. With DRS measurements, as per the current agreement, no new gap patterns are introduced so spreading the gap starting points between different UEs is difficult, since it has been assumed that the DRS occasions are happening simultaneously for all the cells in a carrier. This means that the network has to assign measurement gaps of all UEs with the DRS measurements starting at the same time instants, which makes the scheduling less efficient.

Observation 3: Assigning measurement gaps for DRS measurements using the currently defined DMTC periods of 40, 80 and 160ms can result in scheduling inefficiency.
2.3  Aligning DMTC and Measurement Gaps
Considering the above fact that with some configurations (e.g. 80/160ms DMTC) UE will anyway have “unused” gaps (i.e. gaps which do not coincide with DMTC occasions), it seems possible that additional values that are NOT the multiples of 40ms (e.g. 30 or 50 ms) could also be considered for the DMTC. 
With such values, not every gap would be utilized for actual DRS measurements, but it would be easier for the network to assign the gap offsets, i.e. not every UE would need to have the same gap offset. The UE would combine the DMTC and gap pattern to form an “effective measurement gap pattern” (or EMGP for short) that determines when the UE can actually measure the resources of a DMTC configuration. When the DMTC and measurement gap would not overlap, the UE could act as if there was no measurement gap (provided the measurement gap was not used for other than DRS measurements).

Figure 2 below shows an example of how the “EMGP” could look like from the UE perspective.
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Figure 2. UE EMGP, with DRS/DMTC periodicity = 30ms and gap pattern periodicity= 40ms.

Proposal 2: Whenever the DMTC and measurement gap are not overlapping, the UE ignores the measurement gap and acts as if there is no measurement gap.

With this operation, it is clear that DRS periodicities other than multiples of 20ms (coupled with UE measurement gaps of 40/80ms periodicity) allow configuration where it is uniquely defined when the UE measurement gaps occur and when the UE can measure DRS. Even without the eNB aligning the DMTC and measurement gap starting points, the DRS and measurement gap will always coincide after a fixed number of measurement gap occurrences. 
For instance, with a DRS periodicity of 30ms, and a measurement gap periodicity of 40ms, the DRS will coincide with the measurement gap every 120ms. This allows the network to distribute the gap starting frames between UEs, allowing better scheduling flexibility than with the existing DMTC periodicities. In this case, the performance of the measurement accuracy should be similar to the existing DMTC periodicity value of 160ms (or better),. 
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Figure 3. EMGP – network perspective (DRS/DMTC periodicity = 30ms, gap pattern = 40ms).

Proposal 3: Define at least 30ms and  50ms as possible values for DMTC periodicity.

To facilitate the specification effort of introducing the values, as well as to take the Proposal 2 into account, we propose that the concept of the “effective measurement gap pattern” is used. The EMGP would then indicate when the UE does DRS measurements and when it is available for normal scheduling.
Proposal 4: Define EMGP for DRS measurements as the time instant when both DMTC and measurement gaps overlap. The EMGP shall not contain unused gaps.
3
Conclusion
This contribution discussed the inter-frequency DRS-based RRM measurements and how they work together with measurement gaps.
Following observations were made:

Observation 1: UE can only measure DMTC during measurement gap if the DMTC occasion overlaps with the gap. Hence, some gaps may remain unused for DRS measurements.
Observation 2: The UE DMTC configurations may differ from the actual DRS configuration of a measured eNB.

Observation 3: Assigning measurement gaps for DRS measurements using the currently defined DMTC periods of 40, 80 and 160ms can result in scheduling inefficiency.
We propose the following:
Proposal 1: The signaled DMTC configuration only indicates when the UE can do DRS measurements. How the UE does the measurements to meet the performance requirements is left up to UE implementation as long as the UE meets the RAN4 performance requirements.

Proposal 2: Whenever the DMTC and measurement gap are not overlapping, the UE ignores the measurement gap and acts as if there is no measurement gap.

Proposal 3: Define at least 30ms and 50ms as possible values for DMTC periodicity.

Proposal 4: Define EMGP for DRS measurements as the time instant when both DMTC and measurement gaps overlap. The EMGP shall not contain unused gaps.
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