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1
Introduction
The Small cell physical layer enhancements Study Item was concluded after the decisions in 3GPP RAN WG1 meeting #75 and the RAN#62. One of the topics discussed intensively is the small cell on/off operation: the basic idea is to facilitate on/off switching of the small cells to e.g. reduce network energy consumption as well as interference during the times when the network load is low. Following the study item outcome, the work item Small Cell Enhancements –Physical Layer Aspects [1] was agreed in RAN#62. 

In RAN2#85, RAN2 recently received an LS from RAN1 [2] on the current status of the Small Cell Physical Layer WID. In this contribution, we discuss the some of the implications to RAN2 work based on the LS.

In RAN2#85bis, after a brief discussion it was concluded that further details are needed from RAN1 before the RAN2 work can continue. However, it was also commented that RAN2 can still start thinking e.g. whether an SCell could be turned off and in which circumstances.
In RAN2#86, there was little time for discussion and an e-mail discussion was held to consider further the Stage-2 details of the DRS measurements.

For RAN2#87, RAN1 has also sent a further LS [3] on DRS agreements, stating the following:

	Agreements (regarding DRS-based RRM measurement):

· A UE can be configured with one DRS measurement timing configuration (DMTC) per frequency

· The reference timing for the offset is the primary serving cell’s timing

Agreement (regarding measurement gap for DRS-based measurement):

· No new measurement gap pattern is introduced for DRS-based measurement

Agreements (regarding discovery signals):

· For subframes (DL subframes and DwPTS region of subframe) within a DRS occasion indicated for possible DRS-based measurements, a UE can assume that at least CRS antenna port 0 for a cell is transmitted

–     When UE is indicated with MBSFN subframe configuration or MBSFN related configuration, UE assumption of CRS transmission on MBSFN subframe is per Rel-8

· FFS whether there is a need to enhance signaling

–     A UE may assume that all DL subframes and DwPTS region of subframe in a DRS occasion are available at least for CRS as DRS based measurements

· FFS whether number of subframes in a DRS occasion is to be fixed or configurable

· FFS relation to restricted measurement subframe

–     FFS whether to indicate the number of CRS ports

· If, in addition, CSI-RS is configured as DRS

–      For CSI-RS as DRS, at least single antenna port 15 with 2 REs per PRB of CSI-RS RE 
configuration is supported for CSI-RS based RSRP

· FFS whether to indicate the number of CSI-RS ports

· FFS on supporting other antenna port(s) and/or more REs/PRB

–      In a DRS occasion, the relative subframe offset between SSS and one CSI-RS RE configuration (or equivalence) can be different for different CSI-RS RE configurations

–      For each CSI-RS RE configuration in a DRS occasion, a UE can assume that the corresponding CSI-RS is transmitted in one subframe

•       FFS on whether to allow more than one subframe

–     Continue discussion on UE data rate matching on CSI-RS as DRS in RAN1#78

· Requirements on measurement bandwidth, periodicity, and duration of a DRS occasion should be discussed in RAN4


Based on the RAN1 LS [2], we can see some open issues to discuss in RAN2:

1. Can a UE have a configured SCell that is in OFF-mode? If yes, what would be the UE measurement and reporting behaviour?

2. Are there any effects to measurement gaps, e.g. differences to how UE may use the gaps for measuring the OFF-cells (e.g. in case the DRS-period is longer than the current gap repetition periods of 40/80 ms)?

In the remainder of this contribution, we focus on measurement aspects. 
2
Configured SCell operation in OFF-mode 
An interesting question arising from the ON/OFF-procedure is whether an OFF-cell could be supported as an SCell. To be specific, should it be possible to turn off an SCell which is not activated for any UE, i.e. can MAC activation / deactivation procedures be used for ON/OFF switching?

We would make the following immediate observations on restrictions imposed to OFF-cells:

· Supporting any SCell as OFF-cell would have impacts to CSI reporting on SCells as well as RRM measurements (since UE is currently allowed to do measurements at any time, even if the SCell is deactivated)

· If an SCell in sTAG with configured uplink resources is turned off, UE might not be able to maintain the timing alignment to sTAG.

· In dual connectivity, the PSCell (i.e. the special SCell) cannot be an OFF-cell (otherwise the SeNB UL communication might not be possible)

Nevertheless, it seems that there would be no problems if a deactivated SCell is an OFF-cell, provided that the RRM measurements could still be applied normally. However, whether this is an issue would be more RAN4 to decide after RAN1 has decided on how the OFF-cell measurements are done. However, as discussed in [4], the goal of the WI was to have a mechanism allowing a shorter transition time, and having an OFF-cell as a deactivated SCell would fit that.
Observation 1: Using Deactivated SCell could be turned OFF if RRM measurements can still be provided for the SCell similar to the current requirements.

Proposal 1: Any SCell that is OFF should be deactivated.
3
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 agreements (see [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 config 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.

3.1 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.
3.2  DRS Measurements with Measurement Gaps
RAN1 is currently discussing 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). In the spirit of this, it seems anyway reasonable to assume that UE only uses the measurement gaps for DRS measurements when the gaps co-incide 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.
Observation 1: UE can only measure DMTC during measurement gap if the DMTC occasion overlaps with the gap.
UE would then utilize the “leftover” gaps for normal CRS-based RRM measurements based on the configured measurement events. 

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.

With DRS measurements, spreading the gap starting points seems to become more difficult, since it has been assumed that the DRS occasions are happening simultaneously for all the cells in a carrier. Furthermore, as per the current agreement, no new gap patterns are introduced. This means that the network cannot schedule those UEs during the same time instants, which makes the scheduling less efficient.
Considering the above fact that with some configurations (e.g. 80/160ms DMTC) UE will anyway have gaps where the DRS do not occur, 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 (EMGP) that determines when the UE can actually measure the resources of a DMTC configuration. The Figure 2 below shows an example of how such EMGP could look to the UE.
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Figure 2. UE EMGP, with DRS/DMTC periodicity = 30ms and gap pattern periodicity= 40ms.

In other words, with EMGP we propose configure the ON/OFF cells with a DRS periodicity that is not a multiple of 20ms coupled with UE measurement gaps of 40/80ms periodicity in order to introduce effective measurement gaps that always coincide with the DRS, i.e. to guarantee that even without synchronisation, 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 would allow the network to distribute the gap starting frames between UEs, allowing better scheduling flexibility. Since the DRS measurements are anyway assumed to be done sparsely, the effect to measurement accuracy should not be too large.
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Figure 3. EMGP – network perspective (DRS/DMTC periodicity = 30ms, gap pattern = 40ms).

Proposal 2: Define at least 30/50ms as possible DMTC periodicities.

Proposal 3: Define EMGP for DRS measurements as the time instant when both DMTC and measurement gaps overlap.
3.3 Use of s-Measure with DRS measurements
In the RAN2 e-maill discussion, the majority of companies expressed a view that no enhancements for s-Measure are needed. However, it was not clear what the answers mean: Reuse the current s-Measure for all measurements, or simply not use the s-Measure for DRS measurements? Therefore, we would propose that RAN2 would clarify that point.

Proposal 4: RAN2 to discuss whether DRS measurements are subject to s-Measure.

Proposal 5: DRS measurements are not subject to s-Measure. 

4
Conclusion
This contribution discussed the DRS-based RRM measurements and its impacts to the RAN2 measurement framework. Based on our observations, it seems that the RRM measurements of DRS can be supported with the current RRM framework, but depending on the exact RAN1 details, some additions may be required.

Following observations were made:

Observation 1: UE can only measure DMTC during measurement gap if the DMTC occasion overlaps with the gap.

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

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: Define at least 30/50ms as possible DMTC periodicities.

Proposal 3: Define EMGP for DRS measurements as the time instant when both DMTC and measurement gaps overlap.

Proposal 4: RAN2 to discuss whether DRS measurements are subject to s-Measure.

Proposal 5: DRS measurements are not subject to s-Measure. 
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