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1
Introduction 
In the non-CA eICIC WID [1], it is stated that “Finalizing the leftover work from Rel-10 on inter-freq/RAT TDM restricted RRM”. Also, some pervious papers on inter-frequency eICIC [2][3] suggested to consider restriction of inter-frequent measurement.  

In addition, it is noticed that RAN4 intends to have no restriction on the intra-frequency measurement for neighbor aggressor cells: [4]

“[RAN2 Question]: Is the concern on RSRQ measurement as described in this LS valid?

[RAN4 Response]: RAN4 has considered  unrestricted measurements for aggressor cells and found that for intra-frequency measurements, the concerns on RSRQ measurements are not critical. It is noted that RAN4 would develop requirements and test cases, so that consistent UE behaviors would be achieved in the scenarios addressed in the RAN2 LS.”
RAN2 75 meeting initiated some discussion but no conclusions were reached yet. Specifically some issue were raised in the discussion as follows.

Should both femto and pico case be addressed?

How many patterns are needed?
What is the impact to the current protocol including measurement gap and SCell measurement?

This paper tries to dig more to answer the questions above.
2
Discussion
2.1 Scenario of inter-frequency measurement

In the Femto-Macro case, the victim is Macro and the aggressor is the un-accessible CSG Femto cell. For inter-frequency measurement, both of the victim Macro and aggressor Femto are on a different frequency (f2) from that of the current serving cell (f1). In the coverage intersection of f1 and f2, since the UE near the aggressor can not access Femto on f2, some measurement restrictions are needed to ensure the UE to have an accurate RSRQ for handover to the Macro f2. 

In the Macro-Pico case, the victim is Pico and the aggressor is Macro. For inter-frequency measurement, both of the victim Pico and aggressor Macro are on a different frequency (f2) from that of the current serving cell (f1). If the UE needs to handover to the Pico for load balance, the measurement restriction to avoid the pessimistic RSRQ from the Pico is necessary. In addition, the measurement to the Macro on f2 also needs consideration to avoid an optimistic RSRQ leading the UEs to handover there and cause an overload.

Therefore, both Femto-Macro and Macro-Pico case should be considered.

Proposal 1: For inter-frequency measurement in eICIC, both Femto-Macro and Macro-Pico case should be considered.
2.2 Impact of the measurement restriction
The measurement gap is defined as time periods when no uplink or downlink transmissions will be scheduled, so that the UE may perform the measurements. If the measurement gap is limited at 6ms, it seems that the restriction of inter-frequency/ inter-RAT eICIC is also 6ms.

The scenario of inter-frequency eICIC is illustrated by figure 1. The neighbour victim cell is on the different frequency from that in serving cell. Since measurement gap is only 6ms, the inter-frequency measurement has to be repeated several times so that UE could obtain a satisfied measurement result.  In addition, the neighbour victim cell can be “heard” only in the ABS during which the aggressor cell will reduce its transmission power or do not transmit. Accordingly, the restriction is that the measurement gap should overlap with ABS. 
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Figure 1 Example of ABS and measurement gap overlapping
The impact of the restriction is that the measurement time may increase since the available chance for the victim cell measurement is limited by the ABS pattern.  
Proposal 2: For inter-frequency measurement in eICIC, the measurement gap should overlap with the ABS of the aggressor cell on the measured frequency. 
Following the proposal above, further investigation on the overlapping period can be illustrated as follows. 

The period of measurement gap is 40ms or 80 ms based on various measurement requirement.

In addition,  the ABS period is found [5] as follows. “For FDD mode and TDD mode with configuration 1-5, the period of ABS pattern is 40/20ms. In both cases, the timing when SFN= 0 is also the end point of one ABS period. However, for TDD model with configuration 0/6, the period of ABS pattern is 70/60ms”.

Clearly, when the period of measurement gap can be exactly divided by ABS pattern, there will be no match issue since measurement gap offset ensures the two intervals will overlap with each other periodically. But for TDD 0 and 6, since the measurement gap can not be exactly divided by ABS pattern, the case may be a little different.
Table 1 Investigation to the period match of ABS pattern and measurement gap. Unit (ms)

	Configuration
	ABS pattern period
	Measurement gap period
	Match?

	FDD
	40
	40 or 80
	Yes

	TDD 1-5
	20
	40 or 80
	Yes

	TDD 0
	70
	40 or 80
	No

	TDD 6
	60
	40 or 80
	No


Several approaches can be listed for the issue. One way is that we restrict ABS be used only for FDD and TDD 1-5. The configuration of TDD 0 and 6, where uplink subframes take major parts in the frame structure, seems not suitable for hetnet scenario since femto and Pico are common suggested to enhance downlink coverage. Another medhod is to have no restrcitions at all. if there is no restriction on the ABS usage scenario, based on the work of [6], it seems difficult to find a proper ABS pattern for TDD 0 to avoid the collision of paging and SIB1 between aggressor and victim and anyway TDD 0 may not have a ABS. For TDD 6, if the 120 ms is taken as a long period, the measurment gap (3 times of 40ms short periods) and ABS (2 times of 60ms short periods) will repeat overlapping.  Since the result of various measurement gap is expected to be averaged before reporting, the impact of the period mismatch  in the 120ms will not be a big problem.

We slightly prefer the non-restriction approach since it is simple and no big impact is seen without the restrction.

And, to reduce the inter-frequency measurement delay, the major action on ABS pattern and measurement gap period match should the coordination to let them overlap with each other as much as possible. It can be done by setting a proper offset for measurement gap or the ABS, which is an implementation issue.
2.3 Measurement Restriction Patterns
According to the current measurement configuration, UE should understand the ABS pattern and therefore it is possible for the UE to identify different cell being measured in one measurement gap.  Threfeore, no change is needed in the specfication for the UE to see the overlapping of measurement gap and ABS pattern.
However, some changes seems necessary for the restriction patterns compared to the intra-frequency case. In short, two measurements are expected for inter-frequency neighbor measurment.
In the Femto-Macro case, the victim is Macro and the aggressor is the un-accessible CSG cell. Therefore, the restriction is only on victim cell. That is, inside the measurement gap, UE measures the Macro cell in the ABS for accurate RSRQ. The trigger of performing such a restricted inter-frequency measurment should be the same as that in the intra-frequency case.
In the Macro-Pico case, the victim is Pico cell and the aggressor is the Macro cell. UE will measure both of Macro cell and Pico cell for potential HO preparation.  Inside the measurement gap, UE should measures the Pico cell in the ABS. Furthermore, if there is no restriction on Macro cell measurment,  the RSRQ may be over optimistic. To balance the load of Macro and Pico for HO target, it is suggested to measure Macro in the non-ABS in the measurement gap. 
Proposal 3: Two measurement patterns are needed. One is, inside the measurement gap, the inter-frequency victim cell is measured in the ABS. The other is, inside the measurement gap, the inter-frequency aggressor Macro cell is measured in non-ABS. 
2.4 SCell Measurement

Firstly, we investigate the necessarity of SCell measurement restriciton. 

Taking figure 1 as the exmaple again, in SCell measurment,  the SCell on frequency 2 can be victim cell or agressor cell, similar to the role of neighbor Macro cell in the two scenarios discussed in 2.1. 

When the Cell on f2 is a victim cell, when inter-frequency eICIC is enabled,  the measurement on the victim cell is normal and the victim cell may be added as a SCell for the UE. After that, if no measurement restriction is set for SCell measurment, the victim SCell may be released due to the pessimistic measurement result. But, when falled back to the single cell state, the inter-frequency eICIC measurement will restart the whole thing. Clearly that is not the process we want. 
Secondly, the difference of SCell measurment from that of inter-frequency neighbor Macro cell is the measurment gap is not needed. Therefore, the considerations in 2.3 is not applicable any more.. 

Finally, since SCell is a serving cell for the UE, it is natural to follow the restrction scheme in Rel 10 for PCell, i.e. pattern 1 and pattern 3 should be also adopted in SCell. But, pattern 1 in SCell is used only for RRM measurment since UE shall always perform RLM in PCell,  In addition, patter 2 should be used for the measurement for the SCell’s neighbor on the same frequency layer, if eICIC is also adopted there.  A detailed description of the restrication can be listed as follows.

-
Pattern 1:
A single RRM measurement resource restriction for the SCell.

-
Pattern 2:
A single RRM measurement resource restriction for all or indicated list of neighbour cells operating in the same carrier frequency as the SCell. 

-
Pattern 3:
Resource restriction for CSI measurement of the SCell. If configured, two subframe subsets are configured per UE. The UE reports CSI for each configured subframe subset. 

Proposal 4: Measurement restriction scheme for eICIC on SCell and the neighbor cell on the same frequency should be similar to that for PCell in Rel 10 without RLM consideration.
3
Conclusion 
In a summary,  for inter-frequency measurment in eICIC we propose:

Proposal 1: Both Femto-Macro and Macro-Pico case should be considered.
Proposal 2: The measurement gap should overlap with the ABS of the aggressor cell on the measured frequency. 
Proposal 3: Two measurement patterns are needed. One is, inside the measurement gap, the inter-frequency victim cell is measured in the ABS. The other is, inside the measurement gap, the inter-frequency aggressor Macro cell is measured in non-ABS. 
Proposal 4: Measurement restriction scheme for eICIC on SCell and the neighbor cell on the same frequency should be similar to that for PCell in Rel 10 without RLM consideration.
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