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1 Introduction
In the recently approved new work item proposal for small cell enhancements, the following are captured [1].
· Efficient operation with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells

· Can use existing handover, CA activation/deactivation, dual connectivity (if supported) procedures. New L1 procedure for activated Scell operating on/off can further reduce transition time depending on the detailed solutions
· Discovery procedure/signal(s) are needed
· Cells operating a cell on/off may transmit discovery signal(s) supporting at least for cell identification, coarse time/frequency synchronization, intra-/inter- frequency RRM measurement of cells and QCL. (Note that QCL is not always necessary or possible depending on the procedure.)
· This includes support of discovery and measurement enhancement(s) in DL and its usage in related procedures.
One motivation to introduce DRS is to support RRM measurement for OFF small cells, so that the transition time can be reduced when the small cell is turned on. In this contribution, we analyze the potential solutions for RRM measurement based on DRS. The impact to the design of DRS is also addressed.
2 Legacy procedures for RRM measurements
The legacy neighbor cell discovery and RRM measurement procedures can be summarized as the figure above. Firstly the serving cell configures one MeasObjectEUTRA for each target frequency. The MeasObjectEUTRA indicate the carrier frequency of the target CC. In addition, several parameters related to RRM measurement are included, such as measurement bandwidth, measurement subframe pattern, neighboring cell list, CRS configurations of neighboring cells, etc.
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Figure 1 Legacy procedures for RRM measurement

If inter-frequency RRM measurements are required, measurement gaps are configured. Two gap patterns with repetition period of 40/80 ms are defined and can be configured as shown in Table 1[2]. The measurement gap length is fixed to be 6 ms. The gap offset within each repetition period is configured by higher layer signaling. 
Table 1 Gap Pattern Configurations supported by the UE
	Gap pattern id
	Measurement gap length
	Measurement gap repetition period
	Minimum available time for inter-frequency measurements during 480ms period

	0
	6
	40
	60

	1
	6
	80
	30


A UE should then achieve synchronization with the target cell by detecting PSS. Cell ID of the target cell is obtained by detecting PSS and SSS. RRM measurements are then carried out based on CRS. If configured by MeasObjectEUTRA, the UE should restrict the RRM measurement within the subframes indicated by measSubframePatternConfigNeigh. For inter-frequency measurements, RRM measurement can only be performed within the configured gaps.
In the RRC_CONNECTED state the measurement period for intra-frequency measurements is 200 ms. When no measurement gaps are activated, the UE shall be capable of performing RSRP and RSRQ measurements for 8 identified-intra-frequency cells, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of 200 ms [2].
When measurement gaps are scheduled for FDD inter-frequency measurements, the UE physical layer shall be capable of reporting RSRP and RSRQ measurements to higher layers with measurement period given by Table 2 [2], where Nfreq is the effective total number of frequencies excluding the frequencies of the PCell and SCell being monitored. Note that the configuration 1 in Table 2 is optional.
Table 2 Measurement period and measurement bandwidth
	Configuration
	Physical Layer Measurement period: [ms]
	Measurement bandwidth [RB]

	0
	480 x  Nfreq
	6

	1 (Note)
	240 x  Nfreq
	50


To support small cell ON/OFF operations, the existing mechanisms may need to be enhanced. Yet the main procedures and requirements could be reused.
3 RRM measurement based on DRS
3.1 Assistance information

For small cell discovery, a UE may obtain the assistance information from its serving cell to facilitate the discovery procedure. The network could provide similar information as the current MeasObjectEUTRA. For example the network could inform the UE about the target frequency. For the target frequency, a list of neighbor small cells can be provided. Considering that DRS transmitted from small cells may be periodical, the network can even configure measurement subframe pattern to match the transmission time of DRS. In case of inter-frequency discovery, a measurement gap may be configured so that a UE can receive the DRS transmissions from a target cell in the measurement gaps.
The network may signal other information related to DRS. For example, if CSI-RS is used for small cell discovery, the assistance information may also include CSI-RS resources used by the target cells.

Proposal 1: Assistance information for small cell discovery is similar to existing MeasObjectEUTRA.

3.2 Periodicity of DRS

It is understood that OFF small cells need to transmit DRS periodically for discovery and RRM measurements. A fixed periodicity may need to be agreed. Alternatively, the periodicity may be configurable within a set of values. The DRS may not be transmitted too frequently, as that would result in higher energy consumptions and generate additional interference to the network.
The periodicity of DRS is related to the RRM measurement procedures as RRM based on DRS is expected. If it is agreed that the requirement for the accuracy of the RRM based on DRS should be comparable to legacy RRM mechanism, then it may be desirable to have at least one DRS transmission within the existing measurement periods.
One motivation for introducing DRS is that the UE effort for inter-frequency discovery can be reduced [3]. As the number of carriers in operation may be increased in the future, energy consumption due to inter-frequency discovery could be increased correspondingly. The existing gap repetition period can be 40 ms or 80 ms. If these configurations are to be reused for small cell discovery, it may be desirable that the periodicity of DRS should be compatible with the gap repetition period. At least, a UE should be able to detect part of the DRS transmission instances in some of the measurement gaps.
Proposal 2: The periodicity of DRS should be compatible with existing gap patterns.
3.3 RSSI measurement issues

The network may need to inform the UE about the frequency-time resources that are used for DRS transmissions. One possible way to do that is to reuse the existing restricted RRM measurement, i.e. by setting a measurement subframe pattern similar to  measSubframePatternConfigNeigh in the assistance information to make sure the UE only take measurements in subframes where DRS is transmitted. For inter-frequency RRM, it can also be done by setting the gap pattern and gap offset to align the gaps with the DRS transmissions. 
For example, in Figure 2, assume OFF small cells, i.e. small cell 1 and 2, are transmitting DRS every 80 ms. For inter-frequency discovery, the network can configure the UE with measurement gaps with repetition period of 80 ms and align the DRS transmission and the gaps by setting appropriate offset of the gap pattern. 

As DRS may be also used for discovery of small cells in ON state, small cell 3 also transmit DRS as shown by Figure 2. So in the gaps configured, the UE is able to detect both small cells in OFF state and small cells in ON state. In fact, it may not be necessary for the UE to distinguish between the ON/OFF states of the small cells. The RRM measurements can be carried out afterwards.
Yet the method described may bias the RSSI measurement. For example, cell 1 is in OFF state and cell 2 is also in OFF state to begin with. In this case, cells 1 and 2 do not transmit signals except for DRS. Therefore in the subframes outside the gaps, cell 3 would not suffer interference from small cell 1 and 2. However, within the measurement gaps the UE would always receive the DRS transmission from these OFF cells. Hence if RSSI is measured in OFDM symbols containing DRS, the RSSI measurement may be biased, resulting in inaccurate RSRQ measurements. After cell 2 is turned ON, the measured RSSI maybe unchanged. This is clearly unreasonable because after being turned ON, cell 2 is generating higher interference to neighboring cells.

The issue is related to the design of DRS. For example, if DRS design is based on CRS, then if RSSI is still measured in OFDM symbols that contain DRS, the RSSI measurements may be biased as transmissions from both small cells in ON and OFF states are taken into account. For another example, if DRS design is based on CSI-RS, then if RSSI is measured in OFDM symbols containing CRS (antenna port 0), there may be no such bias. This is because small cells in OFF state do not transmit DRS in these symbols. On the other hand, if RSSI is measured in OFDM symbols containing DRS, the bias issue remains.
This issue should be investigated further depending on the design of DRS.
Proposal 3: the RSSI measurement bias issue should be addressed.
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Figure 2 RSSI measurement issues
4 Conclusions
This contribution provides further analysis of the possible enhancements to the efficient discovery of small cells. The following proposals are made,
Proposal 1: Assistance information for small cell discovery is similar to existing MeasObjectEUTRA.

Proposal 2: The periodicity of DRS should be compatible with existing gap patterns.
Proposal 3: the RSSI measurement bias issue should be addressed.
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