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1 Introduction
In RAN1#76bis meeting, some agreements and working assumptions are made on enhanced discovery procedure, which are captured as follows:

	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
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 further discuss network assistance information for DRS-based RRM measurement and measurement gap configuration related issues, based on the above agreements and working assumptions.

2 DRS-based RRM measurement
2.1 Network assistance information
Providing to a UE at least one DRS measurement timing configuration (DMTC) per frequency is agreed in RAN1#76bis meeting, where the DMTC includes at least period and offset information and potentially duration. Regarding the first FFS issue on how many DMTCs per frequency is configurable, it seems there is no strong reason to support multiple DMTCs per frequency in exchange for increased UE complexity due to potentially different timing per DMTC. This means only one DMTC per frequency can be configured to commonly be used for different small cell clusters in the same frequency.

Proposal 1. Only one DRS measurement timing configuration (DMTC) per frequency can be configured to commonly be used for different small cell clusters in the same frequency. 

Regarding the second FFS issue on whether or not the duration information can be included in a DMTC, however, it would be beneficial to include such duration information in a DMTC so as to assist the UE for searching DRSs, which is illustrated in Figure 1. In other words, small cells on the same frequency need to be coordinated by proper network implementation to transmit their DRSs within the indicated duration if included in the DMTC, which can be interpreted for UE as DRS search window and/or DRS repetition window in case when the UE detects multiple copies of DRS from a cell across consecutive subframes. 
Proposal 2. DMTC per frequency can optionally include duration information in addition to the period and offset information of DRS transmissions so as to assist the UE for searching DRSs. 
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Figure 1. Illustration of DRS measurement timing configuration.

Regarding another FFS point on which serving cell timing would be the reference timing for the offset of DRS transmissions, it is sufficient to be defined as the primary cell timing for the offset, since it is assumed that relative timing among the primary cell and other secondary cells is known to each other in order to at least configure the DMTC and one measurement gap for inter-frequency measurement which is further discussed in subsection 2.2.
Proposal 3. The reference timing for the offset configured in DMTC is the primary cell timing.

Other information related to DRS detection may need to be provided to UE, in addition to the agreed DMTC discussed in the previous subsection. Firstly, bandwidth information per frequency may be included in a DRS configuration, so as to assist the UE for detecting the corresponding DRS based on the indicated bandwidth of the DRS transmission. Secondly, the number of antenna ports per frequency especially for DRS-CSI-RS may also be included in a DRS configuration so that the UE can utilize this information to enhance the detection performance. These additional information can be separately configured or be included in the DMTC as a unified DRS configuration, which is up to RAN2 decisions.
Proposal 4. Other information related to DRS detection such as bandwidth information and the number of antenna ports may be included in DMTC or separately configured to UE.

It needs to be clarified that DRS-CSI-RS for RRM measurement and TP identification is different from the existing feedback CSI-RS for CSI feedback. DRS-CSI-RS is a discovery RS using legacy CSI-RS resource pattern (RE location) but with having independent periodicity and offset value configured by the DMTC as well as potentially different scrambling identity. In other words, resource used for DRS-CSI-RS and feedback CSI-RS for the same TP can be independent, and scrambling identity (TPID) of DRS-CSI-RS can be different from that used for feedback CSI-RS. Regarding the relationship between TPID and REs for DRS-CSI-RS, implicit mapping between them is sufficient and there is no need to have explicit mapping information with additional overhead, which is more elaborated in our companion contribution [1].
Proposal 5. It is clarified that DRS-CSI-RS is a discovery RS using legacy CSI-RS resource pattern (RE location) but with having independent periodicity and offset value configured by the DMTC.

2.2 Measurement gap configuration
Working assumption made in RAN1#76bis meeting states that UE can be configured with one measurement gap for DRS-based measurement when needed, and the measurement gap can be used for making legacy measurement and DRS-based measurement based on configuration. This should be supported in order that the service interruption time by the measurement gap for DRS-based measurement is guaranteed not to be larger than that by the existing legacy measurement gap configuration.
Further remaining issue to be decided is whether the measurement gap pattern for DRS-based measurement would be legacy pattern as shown in Table 8.1.2.1-1 [2] or newly defined pattern. If the measurement gap for DRS-based measurement is decided to be the same as a legacy pattern, it should be also decided that the UE can be configured with only one measurement gap, which is used for both legacy and DRS-based measurement. If the measurement gap for DRS-based measurement is decided to be a new pattern, the UE can be configured with totally up to two measurement gap patterns (one with a new pattern for DRS-based measurement and the other one with legacy pattern for legacy-based measurement). Furthermore, when two measurement gap patterns are configured, the configured measurement gap pattern for DRS-based measurement should be a subset of the configured legacy measurement gap pattern, in order for UE to be ensured that the UE is not required to perform more measurements than currently configurable measurement gap, considering UE power consumption.
Proposal 6. The working assumption that UE can be configured with one measurement gap for DRS-based measurement is confirmed.

Proposal 7. In terms of UE power consumption, UE is not required to perform more measurements than currently configurable measurement gap.

Note there can be other possible options satisfying Proposal 7 without having the above constraint that the configured measurement gap pattern for DRS-based measurement should be a subset of the configured legacy measurement gap pattern when two measurement gap patterns are configured. While allowing independent measurement gap pattern configurations for DRS-based and legacy-based measurement, there can be one restriction that both of the two configured measurement gap patterns (i.e., one for DRS-based and the other for legacy-based measurement) should be covered by one configurable legacy measurement gap pattern in Table 8.1.2.1-1 [2]. With this one restriction, the measurement gap pattern for DRS-based measurement can be newly defined, e.g., with shorther MGL and/or longer MGRP, which is illustrated in Figure 2.
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Figure 2. Illustration of measurement gap configuration.

Proposal 8. When two measurement gap patterns (i.e., one for DRS-based and the other for legacy-based measurement) are configured, both of the two configured measurement gap patterns should be covered by one legacy measurement gap pattern.

Table 8.1.2.1-1: 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


3 Conclusions

This contribution discusses needed network assistance information for DRS-based measurement and measurement gap configuration related issues. Based on the discussion, some proposals are given as follows. 
· Proposal 1. Only one DRS measurement timing configuration (DMTC) per frequency can be configured to commonly be used for different small cell clusters in the same frequency. 

· Proposal 2. DMTC per frequency can optionally include duration information in addition to the period and offset information of DRS transmissions so as to assist the UE for searching DRSs. 

· Proposal 3. The reference timing for the offset configured in DMTC is the primary cell timing.

· Proposal 4. Other information related to DRS detection such as bandwidth information and the number of antenna ports may be included in DMTC or separately configured to UE.

· Proposal 5. It is clarified that DRS-CSI-RS is a discovery RS using legacy CSI-RS resource pattern (RE location) but with having independent periodicity and offset value configured by the DMTC.

· Proposal 6. The working assumption that UE can be configured with one measurement gap for DRS-based measurement is confirmed.

· Proposal 7. In terms of UE power consumption, UE is not required to perform more measurements than currently configurable measurement gap.

· Proposal 8. When two measurement gap patterns (i.e., one for DRS-based and the other for legacy-based measurement) are configured, both of the two configured measurement gap patterns should be covered by one legacy measurement gap pattern.
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