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1
Introduction
In RAN1#76bis, agreements and working assumptions related to small cell discovery reference signal (DRS) design included the following [1]:
Agreements:

· For enhanced discovery procedure:

· UE can be configured with at least one DRS measurement timing configuration per frequency

· Note: DRS measurement timing configuration indicates when UE may perform cell detection and RRM measurement based on DRS

· Note: UE can detect multiple cells based on a DRS measurement timing configuration on the frequency

· UE can expect DRS in DRS measurement timing configuration

· DRS measurement timing configuration includes at least period and offset and potentially duration
· A DRS comprises following signals

· Both PSS and SSS are transmitted

· Additional reference signal(s) include CRS and/or CSI-RS

Working assumptions:

· UE can be configured with one measurement gap for DRS-based measurement when needed

· Measurement gap can be used for making legacy measurement and DRS-based measurement based on configuration

In this contribution, we provide our views on configuration of RRM measurements based on DRS, given the state-of-the-art in RAN1. The issue of whether DRS-based measurements will be comparable to legacy CRS-based measurements is expected to be finalized in RAN1, along with the exact design of the DRS. Thus, the need for definition of new measurement events cannot be determined yet.  
2
RRM Measurements with DRS
In RRC_IDLE mode, UEs perform intra-frequency measurements at least every Tmeasure,EUTRAN_Intra for identified cells, and inter-frequency measurements as defined by frequency priorities [2]. Depending on the configured DRX cycle, DRS-based identification and measurements may be difficult. However, this is not undesirable since idle UEs should not camp on small cells in OFF state. Furthermore, in RAN2#85bis it was agreed that no new idle mode UE behaviour is expected for small cell on/off in Rel-12. 
Observation 1: No changes are necessary for intra-frequency and inter-frequency RRM measurements in RRC_IDLE.

Small cell ON/OFF switching exhibits increasing throughput gains due to interference reduction when the state transition times are decreased. Small cell ON/OFF operation is most efficient when legacy UEs are not served by the ON/OFF cells, since they would have to be handed over to adjacent active cells before switching to OFF mode. Thus, it is arguably unnecessary and power-inefficient for legacy UEs to perform DRS-based RRM measurements of neighboring cells. This can also avoid the HO requests of legacy UEs to target cells currently in OFF state. This can be enforced by serving cells of legacy UE by using the RRCConnectionReconfiguration message. The RRCConnectionReconfiguration message is used to convey measurement objects, reporting configurations, measurement identities, quantity (RSRP/RSRQ) configurations, and measurement gaps [3]. 
Observation 2: For legacy UEs, small cells operating ON/OFF or small cells currently in OFF state can be blacklisted Measurement Objects in RRCConnectionReconfiguration message.

Currently, one quantity configuration can be configured per RAT type using RRCConnectionReconfiguration message. The quantity configuration defines the measurement quantities and associated filtering used for all event evaluation and related reporting of that measurement type. One filter can be configured currently per measurement quantity. The following possibilities exist:
· Alt. 1: The quantity configuration (i.e., filtering) used for ON state (legacy operation with CRS-based measurements) is also used for DRS-based measurements in OFF state.

· Alt. 2: Different quantity configurations are used for ON state and OFF state, respectively.

· Alt. 3: A new quantity configuration appropriate for DRS is used irrespective of cell ON or OFF state.
The IE FilterCoefficient is used to configure the memory of L3 filtering of UE measurements. When neighboring small cells operate ON/OFF switching, interference levels at UEs are expected to fluctuate more rapidly and additional filtering may be beneficial to smoothen measurements. Thus, Alt. 3 is a simpler and more conservative choice as opposed to using multiple quantity configurations that are dependent on the OFF states of neighboring cells. 

Proposal 1: Multiple measurement quantity configurations are not supported for small cell ON/OFF measurement objects.

For E-UTRA, the UE measures and reports on the serving cell(s), listed cells and detected cells. Detected cells are cells that are not listed within the measurement object(s) but are detected by the UE on the carrier frequency(ies) indicated by the measurement object(s). The list of measurement objects indicated by the serving cell may not contain neighboring small cells that are operating ON/OFF and transmitting DRS. In RAN1, it has been agreed that the serving cell state is indicated to UEs, either explicitly via PDCCH or implicitly via DRS. It is not clear if this also applies to the states of neighboring cells. The UE can estimate the state of a measured cell to be OFF if certain reference signals such as PSS/SSS or CRS are absent in a subset of the measurement subframes. 
Furthermore, the serving cell may not be aware of the ON or OFF status of neighboring cells when such transitions are made autonomously with fast switching. A common trigger for switching off small cells is the absence of downlink traffic for any associated UEs, which occurs randomly. Thus, small cells cannot exchange OFF patterns in advance and must continually indicate their statuses over backhaul. Due to non-ideal backhaul links these status updates are possibly outdated. It is therefore useful for the serving cell to acquire information of the current states of adjacent detected cells via reports from the UEs, even if this information is also outdated. This information can then be used to avoid HO requests to target cells that are currently assumed to be in OFF state, for example.
Proposal 2: UEs may report whether listed or detected cells are inferred to be in ON or OFF state.
Network assistance is critical for accurate DRS measurements due to their periodic transmission. The discovery of cells transmitting DRS is intended to be enhanced by indicating DRS measurement timing configuration to UEs as described in Section 1. The indicated DRS measurement timing configuration includes at least period and offset and potentially duration. A compact means of providing this information can be to reuse the measurement resource restriction patterns originally defined for eICIC.
Proposal 3: Indicate DRS measurement timing configuration to UEs using measurement resource restriction patterns via MeasSubframePattern and measSubframePatternConfigNeigh.
UEs can be configured with a measurement gap for inter-frequency DRS measurements. Currently, a single measurement gap configuration is used for all inter-frequency and inter-RAT measurements. This raises the question if multiple measurement gaps may be needed for DRS and non-DRS measurements, since the periodicity of DRS may require a new gap configuration.
The existing gap pattern configurations are shown in Table 1. It is seen that the gap repetition period is either 40ms or 80ms and gap length is 6ms. Assuming DRS contains CRS in addition to PSS and SSS and has a periodicity of at most 40ms, physical-layer measurements with a sample rate of 40ms are compatible with current L3 measurement filtering. Thus, since the DRS measurement timing is indicated to the UE it will not miss the DRS measurement opportunities, and no new measurement gap pattern configuration is needed for DRS measurements.
Table 1: Existing Gap Pattern Configurations supported by the UE [2]
	Gap Pattern Id
	MeasurementGap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480ms period

(Tinter1, ms)
	Measurement Purpose

	0
	6
	40
	60
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	1
	6
	80
	30
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x


Proposal 4: No new measurement gap pattern configuration is defined for DRS measurements.

3
Conclusion
In this contribution, our views on RRM measurements based on DRS can be summarized as
Observation 1: No changes are necessary for intra-frequency and inter-frequency RRM measurements in RRC_IDLE.
Observation 2: For legacy UEs, small cells operating ON/OFF or small cells currently in OFF state can be blacklisted Measurement Objects in RRCConnectionReconfiguration message.
Proposal 1: Multiple measurement quantity configurations are not supported for small cell ON/OFF measurement objects.
Proposal 2: UEs may report whether listed or detected cells are inferred to be in ON or OFF state.

Proposal 3: Indicate DRS measurement timing configuration to UEs using measurement resource restriction patterns via MeasSubframePattern and measSubframePatternConfigNeigh. 
Proposal 4: No new measurement gap pattern configuration is defined for DRS measurements.
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