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1 Introduction
In RAN1 #76, it was agreed that the enhanced cell discovery procedure is only configured for RRC_CONNECTED mode UEs and can assume the transmission of multiple signals. The transmission of PSS for at least coarse time synchronization, support for RSRP and RSRQ-like measurements and the provision of network assistance to the UE at least for timing related information was also agreed. Other signals that should be present in the discovery burst and the calculation of RSRQ was left for further study. In order to assist the discussions, some performance evaluation guidelines were agreed.

In RAN1 #76bis, the following aspects were agreed.

· 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 following working assumption was also made.
· 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
A discovery signal design was proposed in [1]. In this document, we consider the network assistance that needs to be provided for the proposed discovery signal design as well as the configuration of measurement gaps for making inter-frequency measurements based on the discovery signal.
2 Discussion
Since the very first release of LTE, it has been a goal to allow UEs to make measurements without relying on very detailed network assistance from the network regarding neighbor cell lists etc. In the discussions on discovery signal design, the amount of information to be provided as assistance as well as how dynamically this information needs to change has been unclear for some proposals. For example, if the CSI-RS were to be used as a discovery signal, one option is to provide detailed configuration information including CSI-RS configuration (defining the used REs) as well as scrambling code or configurable cell ID for every cell or transmission point that should be measured. This could potentially complicate network complexity unnecessarily. 

It should be noted that the ideal network assistance information may be different for different UEs depending on their location within the cell or coverage area. This is especially true with more dense small cells. It would therefore be more robust for the necessity of network assistance to be minimized as much as possible and for the UE to be able to search for different cells and transmission points without relying on a lot of information from the network. At the same time, it is important that UE measurement complexity does not significantly increase either.
A discovery signal design based on the use of multiple CSI-RS ports was proposed in [1]. How the degree of network assistance that needs to be provided to the UE can be minimized, by specifying certain limitations on the configurability of the CSI-RS, was shown. 
Specifically, in order for the UE to know which CSI-RS configurations and configurable cell IDs to test, a subset of IDs and configurations indexed to the detected cell ID as defined by the PSS/SSS can be defined in the specifications. Alternately, a set of rules by which the UE can determine the configurations and configurable cell IDs to search can be defined in the specifications and the particular method to use could be indicated to the UE via RRC signaling. For instance, the number of CSI-RS ports configured for the discovery signal could be indicated via RRC signaling. Then, the UE could use different pre-specified rules for determining the CSI-RS configurations to search depending on the number of ports. 

An example of this is for the CSI-RS configuration to be searched to be indexed to the cell ID via a simple rule as follows.
C = mod(Cell ID, N/4)*(8/P) + i,   i = {0, 1, …, (8/P)-1},

where N is the number of 1 or 2 port CSI-RS configurations available in the cell, P is the number of ports being used for the discovery signal. The resulting configurations that are searched for each of the cases are as listed in the table below.
	No. of CSI-RS ports in discovery signal / Number of single port configurations in SF
	Rule to determine configurations to be searched

	2 / 20
	mod(Cell ID, 5)*4 + i,    i = {0, 1, 2, 3}

	2 / 16
	mod(Cell ID, 4)*4 + i,    i = {0, 1, 2, 3}

	8 / 20
	mod(Cell ID, 5)

	8 / 16
	mod(Cell ID, 4)


Table 1: An example of configurations to be searched corresponding to the number of CSI-RS ports used for the discovery signal
Since it is possible to design discovery signals to meet all the goals without necessitating the need for elaborate network assistance (other than information such as timing and QCL information) to be provided from the network, it is desirable to minimize the delivery of such assistance information.

Proposal: The UE should be able to make measurements with minimal information in addition to a rough timing search window as part of network assistance information for measurements.
Part of the information that needs to be provided is information on measurement gaps that the UE should use for inter-frequency measurements. These gaps enable the UE to make measurements on other frequencies and are intervals where the network cannot schedule the UE. The legacy measurement gaps are of duration 6 ms and can occur 40 or 80 ms apart. Considering that one of the main purposes of the discovery signal is to support small cell on/off, it is clear that the periodicity of the discovery signal will be significantly lower than the 5 ms periodicity of the current PSS/SSS. When RRM measurements based on the new discovery signal are defined, it is quite possible that these measurements are used on some frequencies and on other frequencies, legacy CRS based RRM measurements will be necessary since no discovery signal may be transmitted. Furthermore, depending on the definition of the discovery signal, it may even be possible for legacy UEs to make inter-frequency measurements on cells performing on/off if the discovery signal instances align with the measurement gaps for such cells. For all of these reasons, it could be beneficial for the measurement gaps for the new discovery signal to be aligned with the measurement gaps for legacy measurements. In addition, if the lowest discovery signal periodicity is lowered beyond 40 ms, it would be beneficial for it to be a multiple of 40 ms so that the measurement periods for the discovery signal can be a subset of the measurement gaps for the legacy CRS based measurements. This ensures that the availability of the UE is no worse than in a legacy cell while enabling discovery signal measurements with a lower periodicity.
As far as gap duration is concerned, this should remain the same as the legacy system, i.e., 6 ms since the discovery signal will include the PSS/SSS and these will only appear once every 5 ms. Hence, motivations for the gap duration to be 6 ms is common for the discovery signal based measurements and for the legacy measurements.

Proposal: The measurement gap duration and periodicity for the discovery signal should be the same as the legacy measurement gap. All configurable periodicities of the discovery signal should be a multiple of 40 ms.
3 Conclusion
Based on the discussion on network assistance and measurement gaps, we propose the following.
Proposal: The UE should be able to make measurements with minimal information in addition to a rough timing search window as part of network assistance information for measurements.
Proposal: The measurement gap duration and periodicity for the discovery signal should be the same as the legacy measurement gap. All configurable periodicities of the discovery signal should be a multiple of 40 ms.
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