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1 Introduction
“Finalizing the leftover work from Rel-10 on inter-freq/RAT TDM restricted RRM” is one of the objectives of the WI of “Further Enhanced Non CA-based ICIC for LTE” [1]. One issue to be addressed for restricted inter-frequency measurement is the time alignment requirements across frequency layers and between measurement gap and measurement restriction pattern. This contribution analyzes different time alignment scenarios across frequencies, ranging from simply no synchronization to synchronization at subframe level or radio frame level or SFN cycle level. It also discusses the relationship between measurement gap and measurement restriction patterns of the neighbour frequencies. It concludes that restricted inter-frequency measurement can be supported by assuming different levels of time alignment among frequencies, and by applying measurement gap and restriction patterns jointly.       
2 Discussion
2.1 Time alignment requirement in restricted intra-frequency measurement
It is specified in 36.401 [2] that “A logical synchronisation port for phase- and time-synchronisation may also be provided for all eNBs in FDD time domain inter-cell interference coordination synchronisation area”. Hence, it is generally assumed in R10 that the subframe boundaries are aligned among cells involved in time domain ICIC. In this way, a victim cell can schedule transmission to its victim UEs in ABS of an aggressor cell. In addition, it is also assumed that the offset of SFN cycle between 2 cells, in the area where time domain inter-cell interference coordination is applied, is known to the involved eNBs [3]. In TDD system, SFN cycle is also synchronized between aggressor and victim cells. The actual method of acquire synchronization or time offset information between eNBs is implementation specific, e.g., through OAM. Under these time alignment requirements, intra-frequency restricted measurement can be configured easily using bitmaps with each bit in it representing a subframe in R10 [4].
2.2 Time alignment requirement across frequencies
When discussing inter-frequency measurement, the above subframe (for FDD system) or SFN (for TDD system) synchronization requirements should still be maintained within each frequency layer for their intra-frequency measurement. It is also assumed that the existing capabilities of exchanging ABS information and acquiring time offset information can be extended to serve cells on serving frequency and neighbour frequencies. The following discussions are then focused only on the issues related to Uu interface for inter-frequency measurement.
There are 4 possibilities of time alignment across frequencies: no synchronization, sub-frame boundary alignment, radio frame boundary alignment, and SFN cycle alignment. 
When no synchronization is assumed among frequencies, like in the current inter-frequency measurement, the subframe boundaries are not required to be aligned between serving frequency and neighbour frequencies. For UE to know when to apply on a neighbour frequency the restricted measurement, which can be signalled by the primary cell referencing its own SFN cycle boundary as for intra-frequency measurement, UE needs the offset of subframe boundaries between the serving and the to-be-measured neighbour frequency. There may be two options for UE to get this offset information on Uu interface: from primary cell through RRC signalling when restriction pattern is configured, or from directly acquiring PSS/SSS of cells on the neighbour frequency. The offset of subframes between the serving frequency and the neighbour frequency can be signalled by adding a new information element, which is similar to the timing advance command, in the RRC message configuring the restriction patterns for the neighbour frequency. UE can also attain the offset of subframes by comparing the subframe boundary of the primary cell and that of cells on the neighbour frequency, which is obtained when PSS/SSS signals of the neighbour cells are acquired. UE then applies the restriction patterns on the neighbour frequency after the start point is adjusted using the offset of subframes between the serving and neighbour frequencies.  
When subframe boundaries are aligned across frequencies, restriction pattern can be applied in inter-frequency measurement in the same way as in intra-frequency measurement for FDD system. The primary cell configures the restriction pattern for cells on a neighbour frequency, and UE applies the periodic pattern from the start of a SFN cycle of the primary cell in the inter-frequency measurement.
When radio frame boundaries are aligned, both subframe boundaries and subframe sequence are required to be synchronized among frequencies. For FDD system, the required signalling and UE behaviour are similar to those required in the scenario when subframe boundaries are aligned. Compared to requiring subframe boundary alignment, there is no obvious benefit for restricted inter-frequency measurement to require the alignment of radio frames across frequencies.
When SFN cycle is synchronized, subframe boundaries, radio frame boundaries, and the initialisation time of SFN cycles are all required to be aligned among frequencies. This is the most stringent requirement of time alignment across cells in different frequencies. Though it would not bring benefit to inter-frequency measurement of FDD system, it is required for applying restriction pattern to inter-frequency measurement of TDD system. The primary cell configures the restriction pattern for cells on a neighbour frequency, and UE starts and reset the periodic pattern at the start of every SFN cycle of the primary cell in the inter-frequency measurement. Table 1 summarizes the above discussions of these 4 possibilities of time alignment across frequencies.

Table 1, Comparison of different time alignment requirements across frequencies 

	Time alignment level
	Time offset information over Uu interface
	Cost of network deployment 
	Applicability to measuring FDD or TDD system

	No synchronization
	Yes
	No
	Only FDD

	Subframe boundary alignment
	No
	Low


	Only FDD

	Radio frame boundary alignment
	No
	Medium
	Only FDD

	SFN cycle alignment
	No
	High
	Both FDD and TDD


Proposal 1: RAN2 is kindly requested to agree on time alignment requirement on restricted inter-frequency   measurement.

2.3 Time alignment between measurement gap and restriction pattern
Restricted inter-frequency measurement should be performed at the intersection of the measurement gap and the restriction pattern of the involved frequency. UE determines the location of measurement gap using its period (40 ms or 80 ms) and gapOffset parameter. The measurement subframes of eICIC are located by the configured restriction pattern of the target frequency, which is defined relative to the start of a SFN cycle of the primary cell. Taking the joint set of  subframes of the measurement gap and the restriction pattern, UE obtains the suitable subframes to perform the restricted measurement on the target frequency. With restriction patterns of FDD system (in period of 40 ms) or restriction patterns 1 to 5 of TDD system (in period of 20 ms), the suitable subframes for restricted measurement share the same period as the measurement gap. With restriction patterns 0 and 6 of TDD, which are started and reset at the beginning of every SFN cycle, the pattern of suitable subframes for restricted measurement also starts and reset at the beginning of every SFN cycle. Though measurement gap is common to all neighbour frequencies, their restriction patterns can be different. Hence, UE may perform restricted measurements on different neighbour frequencies in different subframe sets.
Proposal 2: Restricted inter-frequency measurement should be performed at the intersection of the measurement gap and the restriction pattern of the involved frequency.
3 Conclusion
In this contribution, different time alignment scenarios are analyzed across frequencies, ranging from simply no synchronization to synchronization at subframe level or radio frame level or SFN cycle level. It also discusses how measurement gap and measurement restriction patterns of the neighbour frequencies can be used together to perform restricted inter-frequency measurements.
Proposal 1: RAN2 is kindly requested to agree on time alignment requirement on restricted inter-frequency   measurement.

Proposal 2: Restricted inter-frequency measurement should be performed at the intersection of the measurement gap and the restriction pattern of the involved frequency.
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