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1. Introduction
At the RAN1#76bis meeting, the enhanced discovery procedure was discussed, and the following agreements were reached to achieve the efficient discovery based on network synchronization and assistance [1]. 

· 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

· The reference timing for the offset is a serving cell timing
· FFS: Which serving cell

The measurement gap configuration for the DRS-based measurement was also discussed, and some working assumptions were defined as indicated below.

· 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 present our views on the discovery signal-based RRM measurement procedure assuming our proposed discovery signal design [2]. Specifically, we propose the required network assistance information in addition to a DRS measurement timing configuration, and present our views on the measurement gap configuration for the DRS-based inter-frequency measurement.
2. Discussion on Required Network Assistance Information
2.1.
DRS measurement timing configuration

We propose a basic UE assumption for DRS-based measurement procedure as illustrated in Fig. 1 [2]. 

· The DRS duration should be one or a few milliseconds.

· Considering the current measurement gap configuration for the inter-frequency measurement, the DRS duration should be up to 5 ms.

· The DRS period should be several tens or hundreds of milliseconds.

· Considering the current measurement gap configuration for the inter-frequency measurement, the DRS period should be a multiple of 40 ms.

· Each DRS duration includes the PSS/SSS and CRS and/or CSI-RS so that coarse time/frequency synchronization, cell/TP identification and RRM measurement can be achieved within one DRS duration.

· The PSS/SSS and CRS in the DRS duration transmitted by a cell in the on-state should be a subset of the legacy PSS/SSS and CRS transmissions so that the legacy UE measurement for the cell in the on-state is not affected.

· The CSI-RS in the DRS duration may not be a subset of the CSI-RS transmission for CSI measurement. The CSI-RS transmission for CSI measurement may use four or eight antenna ports while the CSI-RS with one or two antenna ports for the DRS-based measurement may be selected to maximize the cell/TP multiplexing capability.

· In order to avoid a complex measurement procedure at the UE, the DRS transmission in the on-state should be identical to that in the off-state.
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Figure 1 – Basic UE assumption for DRS-based measurement procedure
The number of subframes in the DRS duration should be configurable so that the network can adjust the number according to the required cell/TP multiplexing capability, the required discovery performance, and/or the number of inter-frequency carriers to be measured. Therefore, the DRS measurement timing configuration should include the number of subframes as the DRS duration in addition to the DRS offset and period. The range should be between 1 and 5 subframes.
The DRS period should be several tens or hundreds of milliseconds to reduce the overhead or interference due to the DRS transmission. As described in [3], since a wide measurement bandwidth can reduce the RSRP estimation error due to fast fading even without time domain averaging, such a wideband measurement can help a prolonged DRS period. Considering the inter-frequency measurement, the current gap repetition period can be considered as the baseline. Therefore, candidate values for the DRS period are 40, 80, 160, and 320 ms.
The reference timing for the DRS offset should be a timing of the serving cell/TP which calculates the DRS offset. Since the proposed maximum value for the DRS period is 320 ms, the candidate range for the DRS offset is between 0 and 319 subframes.
Proposal 1: The DRS measurement timing configuration should include the DRS duration in addition to the DRS period and offset.
2.2.
Other assistance information

Since the legacy cell search procedure based on the PSS/SSS/CRS can work without any assistance information, the DRS-based measurement can also work without assistance information other than the measurement timing configuration if the DRS is based on the PSS/SSS/CRS. However, for an efficient discovery procedure, utilizing some assistance information is beneficial [4]. Therefore, such additional network assistance should be supported for the Rel.12 discovery procedure.
Since the Rel. 12 discovery procedure assumes synchronized transmission of discovery signals from a set of cells/TPs, the received timing for a certain cell/TP within the set can be utilized as a reference timing for other cells/TPs within the same set. Therefore, in coarse time/frequency synchronization based on the PSS/SSS, the timing of this synchronized set should be derived. In order to avoid the false timing detection from the PSS/SSS transmitted by a cell/TP not within the set, the network assistance of the list of cells/TPs performing small cell on/off, i.e., transmitting the discovery signal, may be beneficial.
As we proposed in [2], the CSI-RS should be included in the DRS. In the current specification, the UE is informed of the CSI-RS configuration for CSI measurement. Since the time/frequency resource configuration of the CSI-RS is not associated with the physical cell ID, the UE cannot know the exact time/frequency resource configuration of the CSI-RS to be measured unless the CSI-RS configuration information is provided. If a certain association rule between the time/frequency resource configuration of the CSI-RS and the physical cell ID is specified as well as the CRS and PRS, this problem can be solved since the UE can derive the time/frequency resource configuration of the CSI-RS according to the PSS/SSS based physical cell ID detection. However, the same cell ID operation case needs explicit indication of the time/frequency resource configuration of the CSI-RS with the scrambling ID information. 
Therefore, network assistance of the DRS configuration information for candidate cells/TPs, including information of CSI-RS in the DRS such as the time/frequency resource configuration index, the scrambling ID, the subframe offset for the CSI-RS, and the number of antenna ports of the CSI-RS, should be supported. In addition, as QCL information between the PSS/SSS and CSI-RS in the DRS, the associated physical cell ID can be attached to the DRS configuration. The subframe offset for the CSI-RS in the DRS is used to indicate the subframe containing the CSI-RS of a certain candidate cell/TP since we can consider utilizing multiple subframes within the DRS duration to increase the reuse factor of DRS as argued in [2]. In addition, as described in [3], applying multiple CSI-RS configurations to the cell/TP may be beneficial. The information regarding the number of antenna ports for the CSI-RS can indicate this information, i.e., the number of configurations or REs applied to the cell/TP. In addition, as well as the CSI-RS configuration information in Rels. 10 and 11, UEs should be informed of whole configurations for the CSI-RS in the DRS including muting REs, i.e., ZP-CSI-RS, for the appropriate rate matching. This information can be common for all subframes in the DRS duration. 
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Figure 2 – Examples of network assistance information
According to the above discussion, the proposed network assistance information is summarized in Table I in Section 4. In addition, examples of provided network assistance information are shown in Fig. 2.
Proposal 2: The network assistance of the DRS configuration for candidate cells/TPs should be supported.

· The DRS configuration includes the CSI-RS configuration information such as the time/frequency resource configuration index, the scrambling ID, the subframe offset for the CSI-RS, the number of antenna ports, and the associated physical cell ID as QCL information between the PSS/SSS and CSI-RS.
3. Discussion on Measurement Gap Configuration
The legacy inter-frequency measurement mechanism is illustrated in Fig. 3. Each measurement gap is dedicated to the measurement of one frequency carrier since the measurement for one carrier consumes 5 ms due to the autonomous detection of the PSS/SSS. As argued in [5], there is demand from operators to increase the maximum number of carriers a UE can monitor. However, in the legacy inter-frequency measurement mechanism, the measurement delay would increase as the number of carriers to be measured increases if the measurement gap configuration is retained. In order to reduce the measurement delay, a shorter repetition period for the measurement gap is needed. However, this causes performance degradation in the serving frequency due to the increased interruption time.
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Figure 3 – Legacy inter-frequency measurement

The Rel. 12 discovery procedure has the possibility to shorten the measurement time for one frequency carrier thanks to the network synchronization and assistance mechanisms. For example, if the network can provide accurate timing information and a short DRS duration such as 1 ms, the UE may be able to measure one inter-frequency carrier within 2 or 3 ms. Therefore, for DRS-based inter-frequency measurement, we can assume more efficient utilization of the measurement gap. We can consider following alternatives to achieve the efficient inter-frequency discovery.
Alternative 1: Utilizing additional measurement gap for DRS-based inter-frequency measurement
In order to preserve the performance of the legacy inter-frequency measurement, an additional measurement gap for the DRS-based measurement can be considered as shown in Fig. 4. Since a short measurement gap length and a long measurement gap repetition period can be expected for this additional gap, the impact on the serving frequency performance due to this additional gap may not be so severe. 
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Figure 4 – Additional measurement gap for DRS-based inter-frequency measurement

Alternative 2: Performing the inter-frequency measurement on multiple frequencies within a gap
Another possible efficient inter-frequency measurement can be achieved through tight coordination between frequency carriers. As shown in Fig. 5, assuming tight coordination between frequency carriers configuring the DRS-based measurement, the UE may be able to measure multiple inter-frequency carriers within one measurement gap.
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Figure 5 – Reusing the current measurement gap for DRS-based inter-frequency measurement
The above efficient inter-frequency measurement mechanisms should be taken into account for the Rel. 12 discovery procedure. In both mechanisms, each gap is dedicated to the DRS-based measurement or the legacy measurement. In addition, when the UE is configured to perform the DRS-based measurement for a certain frequency, it is expected that the UE discovers the cells/TPs transmitting the DRS. Otherwise, the DRS-based measurement is not configured for this frequency. Therefore, the UE is not required to perform the legacy inter-frequency measurement for the frequency carriers configuring the DRS-based measurement.
Proposal 3: Additional measurement gap for DRS-based measurement should be taken into account.

Proposal 4: The UE is not required to perform the legacy and DRS-based inter-frequency measurements in the same measurement gap.

Proposal 5: The UE is not required to perform legacy inter-frequency measurement for the carrier(s) in which the DRS-based measurement is configured.

4. Conclusion
In this contribution, we presented our views on the discovery signal-based RRM measurement procedure. Our proposals are summarized below. In addition, the proposed network assistance information is described in Table I.
Proposal 1: The DRS measurement timing configuration should include the DRS duration in addition to the DRS period and offset.

Proposal 2: The network assistance of the DRS configuration for candidate cells/TPs should be supported.

· The DRS configuration includes the CSI-RS configuration information such as the time/frequency resource configuration index, the scrambling ID, the subframe offset for the CSI-RS, the number of antenna ports, and the associated physical cell ID as QCL information between the PSS/SSS and CSI-RS.
Proposal 3: Additional measurement gap for DRS-based measurement should be taken into account.

Proposal 4: The UE is not required to perform the legacy and DRS-based inter-frequency measurements in the same measurement gap.

Proposal 5: The UE is not required to perform the legacy inter-frequency measurement for the carrier(s) in which the DRS-based measurement is configured.
Table I. Proposed Network Assistance Information
	Information element
	Field
	Candidate value
	Note

	MeasObjectEUTRA
	drsMeasDuration
	[1, 2, 3, 4, 5]
	DRS duration

	
	drsMeasPeriod
	[40, 80, 160, 320]
	DRS period

	
	drsMeasOffset
	[0, … , DrsMeasPeriod-1]
	DRS offset

	DRS-ConfigNZP
	resourceConfig
	[0, … , 31]
	CSI-RS configuration index

	
	subframeOffset
	[0, … , 4]
	CSI-RS subframe offset within DRS duration

	
	scramblingIdentity
	[0, … , 503]
	CSI-RS scrambling ID

	
	antennaPortsCount
	[an1, an2, an4, an8]
	Number of CSI-RS antenna ports

	
	qcl-SS-Identity
	[0, … , 503]
	Associated physical cell ID

	DRS-ConfigZP
	resourceConfigList
	Bit string (size (16))
	Whole CSI-RS configurations used in DRS duration
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