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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]The WI of small cell enhancements-physical layer aspects [1] targets three main objectives:
· Spectral efficiency enhancements – support of downlink 256 QAM
· Efficient deployment & operation of small cells –  small cell ON/OFF 
· Radio Interface based synchronization (RIBS) – Network listening
The last two objectives will have impacts on the RRM performance requirements. In this paper, we provide an overview on the impact of the small cell ON/OFF on RRM performance requirements based on the latest agreements reached in RAN1 [2, 3].
RAN1 Agreements
In order to support the small cell ON/OFF, RAN1 discussed small cell discovery signals and achieved the following agreements.
Agreements [2]
· UE assumes PSS/SSS/CRS in the DRS
· Additionally CSI-RS is assumed in the DRS for measurement if configured by higher layers
· CRS-based RSRP measurements are supported, and CSI-RS–based RSRP measurements are supported
· UE may report DRS-based RSRP/RSRQ and associated PCID and information for TP identification
· RRM measurement configuration and reporting details are up to RAN2
Agreements [3]
· For the purpose of DRS based measurements, the UE shall only assume the presence of signals of the DRS.
· For both intra- and inter- frequency measurement, if a UE is configured with only DRS-based measurements reporting on a given carrier frequency, and UE is not configured with an activated serving cell on that carrier frequency, the UE shall (should) not assume the presence of any signal and channel except for DRS in the DMTC (DRS measurement timing configuration) duration.
· For DRS,
· Scrambling ID of PSS/SSS/CRS is PCID
· Scrambling ID of CSI-RS may be different from PCID
· TP identification may be represented by e.g., CSI-RS RE configuration, Scrambling ID, Subframe offset, cover code or their combination.
· FFS on details
· DRS can only be transmitted on a DL subframe or DwPTS region of subframes.
· For DRS-based measurement, a UE assumes that 
· A DRS occasion for a cell consists of
· One instance of PSS/SSS per Rel-8
· CRS is transmitted at least in the same subframe(s) as PSS/SSS
· A DRS occasion can comprise multiple CSI-RS RE configurations
· The different CSI-RS configurations may be in the same or different subframe(s)
· The different CSI-RS configurations may be scrambled independently
· Relative subframe offset between SSS and one CSI-RS RE configuration
· FFS between variable or fixed within 5 msec relative to subframe of SSS
· A DRS occasion for a cell comprises N consecutive subframes (N <= 5)
· FFS on DRS transmission on MBSFN subframe, if so, how
· FFS between
· One or more subframes among N subframes may not carry any DRS signal (i.e., either CRS or CSI-RS)
· All DL subframes carry DRS signal
· A DRS occasion for a cell is transmitted every M ms
· Candidate values for M are 40, 80, 160, FFS on other values
· Note: RAN1 design does not assume any requirements of the number of detectable cells using DRS.

Discussion
In the following table, we list the existing RRM requirements and potential impact due to RAN1’s decision on small cell ON/OFF. The table also includes our view on how to extend the existing RRM requirements for the small cell enhancements.

Table 3-1 RRM Requirements and the potential extension for small cell enhancements

	Section
	RRM Requirement
	Description
	Impact and proposed extension 

	6.1.2.1
	UE Re-establishment delay requirement
	The UE re-establishment delay depends on Tsearch = {100,800} ms for known and unknown cells.
	The requirement may need to be modified for small cell ON/OFF. The parameters of Tsearch = {100,800} ms may no longer valid for some DRS occasion configuration. 

	7.7
	SCell Activation and Deactivation Delay for E-UTRA Carrier Aggregation
	This requirements for the delay within which the UE shall be able to activate a deactivated SCell in E-UTRA carrier aggregation. 
	If the SCell is a small cell in OFF status, the SCell activation may take longer time. Need to check with RAN2 to see if this scenario can be avoided, i.e., whether the small cell could always in ON status before the activation.

	8.1.2.2
	E-UTRAN intra frequency measurements
	Identify new intra-frequency cells and perform RSRP/RSRQ measurements of identified intra-frequency cells
	If the SCell is a small cell in OFF status, it will take longer time to identify and perform RSRP/RSRQ measurements to meet certain accuracy requirements. Thus, the requirements need to be clarified for the small cell enhancements.

	8.1.2.2
	E-UTRAN inter-frequency measurements
	Identify new inter-frequency cells and perform RSRP/RSRQ measurements of identified inter-frequency cells
	If the SCell is a small cell in OFF status, it will take longer time to identify and perform RSRP/RSRQ measurements to meet certain accuracy requirements. Thus, the requirements need to be clarified for the small cell enhancements.

	8.1.2.7.3
	E-UTRAN FDD Intra-frequency E-CID RSRP and RSRQ Measurements
	Reported RSRP and RSRQ measurements contained in periodically triggered measurement reports shall meet the requirements in section 9.1.2 and 9.1.5 respectively
	If the SCell is a small cell in OFF status, it will take longer time to perform RSRP/RSRQ measurements to meet certain accuracy requirements. Thus, the requirements need to be clarified for the small cell enhancements.

	8.1.2.7.4
	E-UTRAN TDD Intra-frequency E-CID RSRP and RSRQ Measurements
	Reported RSRP and RSRQ measurements contained in periodically triggered measurement reports shall meet the requirements in section 9.1.2 and 9.1.5 respectively
	If the SCell is a small cell in OFF status, it will take longer time to perform RSRP/RSRQ measurements to meet certain accuracy requirements. Thus, the requirements need to be clarified for the small cell enhancements.

	9.1.2
	Intra-frequency RSRP Accuracy Requirements
	Absolute and relative accuracy of RSRP are defined in terms of Es/Iot
	Suggesting keep the RSRP accuracy unchanged

	9.1.3
	Inter-frequency RSRP Accuracy Requirements
	Absolute and relative accuracy of RSRP are defined in terms of Es/Iot
	Suggesting keep the RSRP accuracy unchanged

	9.1.5
	Intra-frequency RSRQ Accuracy Requirements
	Absolute and relative accuracy of RSRQ are defined in terms of Es/Iot
	Suggesting keep the RSRQ accuracy unchanged

	9.1.6
	Inter-frequency RSRQ Accuracy Requirements
	Absolute and relative accuracy of RSRQ are defined in terms of Es/Iot
	Suggesting keep the RSRQ accuracy unchanged



Summary 
In this paper, we provided the overall impact of the RRM requirements for small cell enhancements with ON/OFF discovery signals, including the suggestions on how to deal with these impacts.
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