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1 Introduction

In RAN1#76, a list of agreements and conclusions were achieved on small cell on/off and discovery, and an LS was sent to RAN2/3/4 [1]. The LS also lists some open issues of small cell on/off and discovery to reduce the transition time:
· How to support DRS-based RSRQ-like measurements

· Potential RAN2 impacts to use the DRS-based measurements in handover, and carrier aggregation activation/deactivation, and dual connectivity procedure (being defined in RAN2)

· Investigate detailed solution(s) of new L1 procedure for activated Scell operating on/off that further reduces transition time

· Specify UE monitoring behavior when DRS(s) is configured for a UE, e.g., 

· Whether DRS can be transmitted when cell is on

· Under what condition(s) UE measurements are based on DRS, and/or CRS

· Whether (and how) cell On/Off states explicitly informed to UE

· Which other signal(s) the UE can assume are transmitted in addition to PSS for enhanced cell discovery

· Details of network assistance/information provided to UEs for performing enhanced cell discovery

· Other aspects related small cell on/off and discovery include RLM, DRX are FFS
In RAN1 #76bis meeting, working assumptions for measurement gap configuration for DRS-based RRM measurements were made as following: 

· 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 addition, some progress on network assistance information is listed as following: 
· UE can be configured with at least one DRS measurement timing configuration per frequency

· 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

In this contribution, we propose solutions to several of the open issues related to RRM measurement procedures with DRS. Other open issues are discussed in companion contributions, e.g., [2]
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[3][4].
The following aspects of RRM measurement procedures with DRS will be discussed in subsequent sections: under what condition(s) UE measurements are based on DRS and/or CRS? We will also discuss the DRS measurement gap configuration and further considerations on network assistance information. Issues related to RRM measurements with new L1 procedure are addressed in a companion contribution [5].
2 UE measurements on DRS and/or CRS
In this section, we analyze the following open issues regarding RRM measurement procedures with DRS:

· Under what condition(s) UE measurements are based on DRS, and/or CRS?
A few guidelines/preferences play roles in determining the preferred solutions to the issues:
· UE shall be provided with necessary information to perform CRS-based RRM measurements and/or DRS-based RRM measurements without ambiguity. 
· If a serving cell is activated as a legacy carrier for a UE, the UE can assume that the cell’s CRS is transmitted as done in previous releases.
2.1 UE assumptions on DRS/CRS transmissions and corresponding network behavior

A UE can assume that the DRS is available as long as the network configures the UE for DRS-based RRM measurement. Therefore, the UE can perform DRS-based RRM measurement if the associated measurement reporting is configured.
A connected-mode UE may also need to monitor CRS of either a serving cell or a neighbor cell. 
· Serving cell cases:
The UE can assume that the cell is ON and transmitting CRS if the cell is a Pcell (which is considered as always activated) or the cell is an activated Scell (based on activation signaling). When a Scell is deactivated for a UE, the UE may not be certain if the cell is ON or OFF, so the UE should not make any assumption on the CRS transmission, unless the UE is configured for CRS-based RRM measurement for the cell.
· Neighbor cell cases:
The UE can assume CRS is transmitted from a neighbor cell if the network configures the UE for CRS-based measurement for the cell or the cell is not blacklisted. To be consistent with the UE assumption, the network should not configure the UE to monitor CRS of a neighbor cell performing ON/OFF.
Therefore, the following are proposed:

Proposal 1 (UE assumptions): UE can assume the following regarding DRS/CRS transmissions:

· DRS is transmitted if the UE is configured for DRS-based RRM measurement.

· CRS is transmitted by a serving cell if 

· The network configures CRS-based (legacy) RRM measurement for the cell; or

· The cell is an activated serving cell.

· CRS is transmitted by a neighbor cell if the network configures CRS-based (legacy) RRM measurement applicable for the cell.

To be consistent with the UE assumptions, the network is expected to follow certain behavior regarding DRS/CRS transmissions and configurations.
Observation 2 (Network behavior): The network is expected to follow the following behavior to ensure consistency with UE assumptions:

· DRS/CRS is transmitted if network assistance signaling configures a UE for DRS-/CRS-based RRM measurement, respectively.

· CRS is transmitted if the cell is an activated serving cell for a UE, as in the legacy carrier.

· The network should not configure a UE for CRS-based RRM measurement of a neighbor cell performing ON/OFF.
2.2 UE monitoring behavior
The UE monitoring behavior should be consistent with the UE assumptions on DRS/CRS transmissions as listed above in Proposal 1. A UE should not make any other assumptions on DRS/CRS transmissions.  
The purposes for a UE to monitor DRS include acquiring coarse synchronization and generating DRS-based RRM measurement reports. The purposes for a UE to monitor CRS include acquiring synchronization, generating CRS-based RRM measurement reports, and other purposes such as PDCCH decoding.

As the DRS- and CRS-based measurement reporting is configured by the network, it is feasible that the network configures UE measurements in a way such that the UE does not encounter any measurement issue when some cells are performing ON/OFF switching. Therefore, regarding the question “Under what condition(s) UE measurements are based on DRS, and/or CRS”, from a UE perspective, the UE should comply with network configurations of DRS- and CRS-based measurements. 
Proposal 2 (UE monitoring behavior): UE performs the following monitoring behavior:
· UE shall perform DRS/CRS measurements in accordance with network assistance signaling.
· UE can perform monitoring based on CRS of a cell if the cell is an activated serving cell (for synchronization, PDCCH decoding, etc.).
· UE shall not monitor CRS of a cell if the cell is a deactivated Scell without configured CRS-based RRM measurement.

3 DRS Measurement gap configuration
If inter-frequency RRM measurements are required, measurement gaps may need to be configured for certain UEs. Currently two gap patterns with repetition period of 40/80 ms are defined as shown in Table 1 [6], and either one of them can be configured. 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 in legacy systems

	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


For DRS based RRM measurements, a simple approach would be to target requirements for the accuracy comparable to that for the legacy RRM mechanism, with potential changes to the side conditions to allow measurements of cells with weaker received signal that would be encountered in denser small cell deployments while targeting accurate measurements with the same or fewer samples than in legacy RRM measurements. Under these conditions, it should be possible to reuse the current measurement gap configuration for DRS based RRM measurements.
Considering that the DRS could support longer periodicity than the legacy measurement gap periodicities, e.g., hundreds of ms, one solution is to configure two gap patterns, a legacy one and a new one defined with a larger gap repetition period than 80 ms that are compatible with the periodicity of the DRS. However, one legacy gap pattern only can also support both CRS-based legacy measurements and DRS-based measurement with a longer periodicity. By doing so, the periodicity of the DRS should be limited to support multiples of 40/80 ms to match the legacy gap pattern. Note that other flexible design for DRS periodicity is not precluded if some gain can be found.
When the legacy measurements are not configured but the DRS based measurements are configured with DRS periodicity longer than 80 ms, e.g., 160 ms, by configuring only the legacy gap pattern, a UE could perform the DRS-based RRM measurements according to both the configured legacy gap pattern and the DRS measurement timing configuration. For example as shown in Figure 1, the current gap pattern configuration 1 is configured for the DRS-based measurements, and the network assistance information signals the DRS measurement timing configuration with the periodicity of 160 ms. This way, the UE performs the DRS-based RRM measurements within a subset of the configured gap resource that is once per 160 ms. However, the gap periods when no DRS is transmitted cannot be scheduled for the UE. Otherwise, current gap definition should be revised. Alternatively, a new gap pattern with longer repetition periods than 80 ms can be introduced for the case when only the DRS-based measurements are configured. In addition, if multiple DRS measurement timing configurations are configured for the UE (e.g. for different frequencies), these timing configurations could use different time instances of the same gap pattern. Otherwise, DRS measurement timing can be the same for different frequencies in order to achieve power saving for UEs. 
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Figure 1 Measurement gap configuration and DRS measurement timing configuration

In addition, the gap length currently is 6 ms which is defined based on the CRS based measurements in legacy systems. In current 6 ms gap length, CRS is transmitted in every downlink subframe. However, the DRS burst may last a different number of subframes than 6 ms, probably less than 6 ms, e.g., 1 ms DRS length for one DRS burst. In this way, 6 ms gap length can be reused, since legacy CRS based measurements and DRS based measurements can be configured together. New gap length values are not precluded if large gain can be found.
Proposal 3 (Measurement gap configuration): Only one measurement gap is configured for the UE. The legacy gap repetition periods should be supported for DRS-based measurements, and it is FFS whether new gap repetition periods are specified. In addition, the gap length should be kept as 6 ms unless large gain is found with a different value.
4 Network assistance signaling
According to previous agreements, a UE can rely on PSS/SSS for coarse synchronization to the downlink signals transmitted within a cluster of coordinated small cell operating with on/off. Then the UE can perform RRM measurements based on CSI-RS. PSS/SSS enable coarse synchronization to the CSI-RS part of the DRS in accordance to a quasi co-location assumption between the PSS/SSS antenna port and the CSI-RS antenna port(s).

Proposal 4: The PSS/SSS antenna port and the CSI-RS antenna port(s) are related by a quasi co-location assumption for time and frequency synchronization (average delay and Doppler shift). The accuracy of the QCL assumption is to be defined by RAN4.

It was also concluded in the study item phase that network assistance is beneficial for improving the discovery performance and for reducing the UE detection complexity and power consumption. Given that the serving cell of a connected UE can know the coordination parameters of the small cells in the cluster operating with on/off, it is possible for the network to signal the entire configuration of DRS in the small cell cluster to the UE. Then the UE only needs to perform DRS detection for a list of candidate cells, including a known set of IDs and CSI-RS resources (including subframe information). Hence blind detection could be entirely avoided at the UE side. In addition, a UE can be configured with at least one DRS measurement timing configuration in order to save the UE’s power when searching the DRS. It is simple to derive the reference timing from the PCell’s timing. 
Currently, one CSI-RS resource is defined by the number of CSI-RS ports, resourceConfig, subframeConfig, scrambling ID (Pc is not considered here since the UE would only need to take RSRP measurements on the DRS). Here we consider the configuration parameters that would be needed for the CSI-RS. There is no need to define multiple antenna ports if that CSI-RS resource is not used for CSI measurements. However, the number of resource elements occupied by the CSI-RS resource should guarantee to meet the RAN4 RRM requirements. Whether the number of REs of a CSI-RS resource of DRS needs to be signalled by network assistance or is pre-defined will need to be studied. The number of REs and the use of muting will need to be considered when defining the requirements for DRS-based cell discovery and RRM measurements. Exploiting OCC to separate the DRS from two cells is feasible, so OCC ID may also be part of the CSI-RS resource configuration (i.e. similar as signalling port 15 or 16).

Proposal 5: Network assistance for discovery is provided to the UE by signalling the configuration of the DRS of cells within a set of coordinated cells. 

· The assistance signaling consists of at least one DRS measurement timing configuration per frequency, and the reference timing is based on the PCell’s timing. 
· The assistance signalling consists of a candidate cell list. 

· For each cell, the signaling provides information about PSS/SSS ID, CSI-RS configuration information (number of resource elements, resourceConfig, subframeConfig, scrambling ID, OCC ID), and quasi co-location information between PSS/SSS and CSI-RS with respect to average delay and Doppler shift.
5 Conclusions
In this contribution, we discussed RRM measurement procedures with DRS. The following are proposed:
Proposal 1 (UE assumptions): UE can assume the following regarding DRS/CRS transmissions:

· DRS is transmitted if the UE is configured for DRS-based RRM measurement reporting.

· CRS is transmitted by a serving cell if 

· The network configures CRS-based (legacy) RRM measurement reporting for the cell; or

· The cell is an activated serving cell.

· CRS is transmitted by a neighbor cell if the network configures CRS-based (legacy) RRM measurement reporting applicable for the cell.

Proposal 2 (UE monitoring behavior): UE performs the following monitoring behavior:
· UE shall perform DRS/CRS measurements in accordance with network assistance signaling.

· UE can perform monitoring based on CRS of a cell if the cell is an activated serving cell (for synchronization, PDCCH decoding, etc.).

· UE shall not monitor CRS of a cell if the cell is a deactivated Scell without configured CRS-based RRM measurement reporting.

Proposal 3 (Measurement gap configuration): Only one measurement gap is configured for the UE. The legacy gap repetition periods should be supported for DRS-based measurements, and it is FFS whether new gap repetition periods are specified. In addition, the gap length should be kept as 6 ms unless large gain is found.
Proposal 4: The PSS/SSS antenna port and the CSI-RS antenna port(s) are related by a quasi co-location assumption for time and frequency synchronization (average delay and Doppler shift). The accuracy of the QCL assumption is to be defined by RAN4.

Proposal 5: Network assistance for discovery is provided to the UE by signalling the configuration of the DRS of cells within a set of coordinated cells. 

· The assistance signaling consists of at least one DRS measurement timing configuration per frequency, and the reference timing is based on the PCell’s timing. 
· The assistance signalling consists of a candidate cell list. 

· For each cell, the signaling provides information about PSS/SSS ID, CSI-RS configuration information (number of resource elements, resourceConfig, subframeConfig, scrambling ID, OCC ID), and quasi co-location information between PSS/SSS and CSI-RS with respect to average delay and Doppler shift.
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