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1 Introduction
In RAN1#76, the followings were agreed in relation to DRS measurement:

	Agreements:
· No new idle mode UE behavior in Rel-12 small cell enh. WI

· For intra-/inter-freq. RRM measurement, at least DRS-based RSRP measurements are supported
Agreement:
· For RRM measurements, support DRS-based RSRQ-like measurements

· Details are FFS

Agreements:
· Network assistance related to at least timing associated with discovery measurement is provided to UEs for Rel-12 discovery procedure
· It does not mean that DRS-based measurement reporting based on autonomous UE detection is precluded 

· Accuracy of timing considered for network assistance will be defined by RAN4
· FFS: What is timing information associated with discovery measurement
· FFS: Other information provided




 In RAN1#76bis, the followings were agreed in relation to DRS measurement:
	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

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


Based on the agreements, we discuss on the RRM measurement procedure for DRS.
2 DRS configuration
 From the simulation results from our companion contribution as in [2], with PSS/SSS muting or PSS/SSS TDM, the first three strong cells can be detected with more than 90% detection probability in the given simulation assumptions using one sample measurement. If the number of detectable cells with more than 90% probability is required to be more than 3, the DRS energy accumulation would be required to meet the requirement. In this case, a similar definition to PRS configuration can be applied - a DRS occasion comprising N DRS subframes can be defined where N can be configured by higher layer signalling and can be determined by RAN4 (i.e. it could be N=1 as well). In another example, a DRS occasion comprising N DRS subframes can be defined for DRS muting [3] (also explained in Section 4). An illustration of DRS configuration with N=6 is shown in Figure 1.
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Figure 1 DRS configuration
Proposal 1: A DRS occasion is defined by comprising N DRS subframes where N can be configured by higher layer signaling and can be determined by RAN4.

Likewise, DRS configuration is defined as in Table 1. The DRS occasion, for the first DRS subframe in a DRS occasion, shall satisfy 
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Table 1 DRS configuration (periodicity and offset)

	DRS configuration Index 
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	DRS periodicity 
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(subframes)
	DRS offset 
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	0 – 99
	100
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	100 – 199
	200
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	400
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	1600
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	2400-4095
	Reserved


Proposal 2: Table 1 (or variant) is defined for DRS configuration.
3 Gap configuration
 For legacy UE, if the UE requires measurement gaps to identify and measure inter-frequency and/or inter-RAT cells, a single measurement gap pattern with constant gap duration is provided to the UE for concurrent monitoring of all frequency layers and RATs [1]. The gap pattern configurations supported by the UE are shown in Table 2.
Table 2 Gap Pattern Configurations supported by the UE
	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


 Considering SS periodicity (5ms) and implementation margin (2*0.5ms), if the PSS/SSS with 5ms periodicity is transmitted, a UE can always receive at least one PSS/SSS sample within 6ms measurement gap length.
 A common measurement gap length between legacy and DRS-based RRM measurement could be configured for a UE. With a common measurement gap length, the UE could perform the concurrent monitoring of all frequency layers and RATs like the legacy measurement. For instance, there could be a frequency layer not transmitting DRS (i.e. not operating in small cell on/off) while there could be another frequency layer transmitting DRS. With the given measurement gap length, the UE could perform the legacy RRM measurement in the frequency layer not transmitting DRS and/or perform the DRS based RRM measurement in the frequency layer transmitting DRS. The detailed measurement gap pattern could be decided depending on the detailed DRS design. 
 The different gap patterns between legacy and DRS-based RRM measurement could be configured for a UE. The measurement gap length could be defined depending on the exact DRS design.

Proposal 3: RAN1 discusses whether a common gap pattern or the different gap patterns can be used both for legacy and for DRS-based RRM measurement.

4 Network assistant information
 As per the agreements, DRS measurement timing configuration includes at least period and offset and potentially duration (search window). A DRS configuration defined in Section 2 can effectively include both periodicity and offset. 
Proposal 4: DRS configuration comprising DRS periodicity and offset is provided to a UE as a DRS measurement timing configuration.

 Assuming that the transmissions from the cells are synchronized (by ±3 us according to TS36.133), the search window will be given ±(34.37[us]+α[ms]) us [4]

 REF _Ref370846970 \r \h 
[5] where

· Propagation delay (30us) + initial transmission timing error (24Ts) + uncertainty of the reception time in UE downlink (10Ts) + eNB time alignment error (TAE: 260 ns) + phase synchronization error among small cells (3us)
· α is added to account for an implementation margin (e.g α=0.5ms).
If the implementation margin is ±0.5ms, the search window for fully synchronized networks is given ±534.37 us (i.e. 1.07ms).

Assuming the DRS subframe offset can be known between eNBs, the ambiguity period for DRS measurement would be up to ±0.5ms. In this case, the search window could be up to ±1.03437 ms (i.e. 2.07ms). Therefore, the legacy measurement gap length 6ms can accommodate the search window.
For PSS/SSS muting [3], the examples for measurement gap length are shown in Figure 2. A DRS occasion comprises four consecutive or nonconsecutive DRS subframes. The first example is measurement gap length corresponds to a DRS subframe and the second example is measurement gap length corresponds to a DRS occasion. The legacy measurement gap length 6ms could be also fit into two examples depending on the exact design of PSS/SSS muting.
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Figure 2 Measurement gap length for PSS/SSS muting
For PSS/SSS TDM [3], the example, where the same measurement gap length (i.e. 6ms) is used as the legacy one, is shown in Figure 3.
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Figure 3 Measurement gap length 6ms for PSS/SSS TDM
 As the contents in CellInfoList for DRS, physical cell ID, EARFCN, and DRS configuration (DRS periodicity and offset) are essential to be included. In addition, if PSS/SSS muting is applied, the muting pattern can be also a part of assistant information. 
Proposal 5: Assistant information as CellInfoList for DRS includes at least physical cell ID, EARFCN, DRS configuration (DRS periodicity and offset), and muting pattern (if supported).

 As discussed in [3], at least for PSS/SSS/CRS, to identify transmission point (TP), the UE needs to include the configured information such as DRS muting pattern and/or DRS configuration in measurement reporting together with physical cell ID per the measured cell.

Proposal 6: DRS muting pattern and/or DRS configuration (periodicity and offset) is included in measurement reporting together with physical cell ID per the measured cell.
5 Conclusions
 This contribution discusses DRS configuration, measurement gap configuration, network assistant information, and UE measurement reporting. From the discussions, our proposals and observation are summarized as follows:
Proposal 1: A DRS occasion is defined by comprising N consecutive DRS subframes where N can be configured by higher layer signaling and can be determined by RAN4.
Proposal 2: Table 1 (or variant) is defined for DRS configuration.
Proposal 3: RAN1 discusses whether a common gap pattern or the different gap patterns can be used both for legacy and for DRS-based RRM measurement.

Proposal 4: DRS configuration comprising DRS periodicity and offset is provided to a UE as a DRS measurement timing configuration.

Proposal 5: Assistant information as CellInfoList for DRS includes at least physical cell ID, EARFCN, DRS configuration (DRS periodicity and offset), and muting pattern (if supported).

Proposal 6: DRS muting pattern and/or DRS configuration (periodicity and offset) is included in measurement reporting together with physical cell ID per the measured cell.
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