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1 Introduction
In RAN1 #63 meeting, for restricted CSI measurements in macro-pico scenarios, there are agreements that CSI (CQI,PMI,RI) feedback based on interference measurement in restricted subsets of subframes is enabled through configured subsets of subframes indicated by a CSI measurement subframe configuration signaled by RRC [1]. However, for restricted CSI measurements in macro-femto scenarios, there are not many discussions in RAN1 yet. In this contribution, the issue for the CSI measurement on restricted resources in macro-femto scenarios and some possible solutions are discussed. 

2 Issue for the CSI measurement in macro-femto scenarios
To identify the issues of CSI measurement in macro-femto scenarios, firstly we take a look at the CSI measurement in macro-pico scenarios. In figure 1, an example of macro-pico scenario is shown.
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Figure 1 macro-pico scneario

In macro-pico scenarios, ABS would be configured in macro cell to alleviate the interference from macro eNB to the pico-users. In the macro cell coverage area, only one ABS pattern would be used at particular time, which would be configured by macro cell.  For pico users in the pico cell center area, all the subframes can be scheduled, while for pico users in cell edge area, only the subframes corresponding to ABS should be scheduled. Note that according to the current RAN1 agreement, a bitmap pattern is used to indicate Almost Blank Subframe (ABS) pattern of Macro cell to Pico cell via X2 signaling, hence in macro-pico scenarios, macro eNB can inform its configured pattern to pico eNB, so it is not difficult for macro eNB and pico eNB to configure the restricted resources to the UEs in their coverage area for CSI measurement.
However, in macro-femto scenarios, the situation would be different. An example of macro-femto scenario is shown in Figure 2.
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Figure 2 macro-femto scneario

In macro-femto deployment case, a non-CSG macro UE (MUE) is exposed to dominant interference condition when it is in close proximity of a CSG femto HeNB, as shown in Figure 2. In this case, the macro UE fails to decode control and/or data channels unless the interference from the HeNB is avoided or mitigated by an eICIC solution. To mitigate such severe interference, ABS can be configured, so that HeNB would only transmit the data to home UEs on non-ABSs, while the MUEs close to femtos can be scheduled only on the subframes corresponding to the ABSs. 
It should be noted that in order to schedule the MUEs on the restricted resources, i.e. the subframes corresponding to the ABSs configured by the adjacent femto, the ABS pattern of that femto should be known by macro eNB. However, since there is no X2 or S1 coordination between femto and macro, macro eNB could not know which femto a particular MUE is close to and which ABS pattern is used by that femto if different femto can configure different ABS pattern. 
Since without knowing that which ABS pattern configured by the femto to which its MUE is close, macro eNB cannot schedule the MUEs on the subframes corresponding to the ABS patterns configured by femtos. Therefore, solutions are needed to let Macro eNB know the ABS pattern of the femto each MUE is close to. 
3 Solutions for knowing ABS pattern of femtos by Macro eNB
To let macro eNB know the ABS pattern used by femtos, several solutions are discussed in this contribution, which are as below:
· Solution 1: Configure a single ABS pattern for all the femtos in the macro eNB coverage area.
This could be the simplest solution. OAM can configure a single ABS pattern for all the femtos in the macro eNB coverage area and inform the configured pattern to macro eNB. With such solution, when a MUE detected that it is in close proximity of a femto and reported the event to macro eNB, macro eNB could configure the CSI measurement on the restricted resource based on the single ABS pattern informed by OAM.
The UE implementation with this solution is very simple, however it may have too much limitation on the flexibility for adaptation to the traffic variance of HeNB. For example, in one home the users like to download some videos and some other multi-media services, while in another home, the users just like to read some web pages, and then configuring only one single pattern would not be so good in terms of spectrum efficiency.

· Solution 2: The configured ABS pattern would be signaled in the system information of femtos, and MUE could read the ABS pattern information with neighboring cell system information reading.
In Rel-9, the Global Cell ID in system information of femtos can be read by macro UE with autonomous gaps. Similarly the configured ABS pattern information can also be broadcasted by femtos with system information, and then MUE could read the pattern information with autonomous gaps and then report the ABS pattern information to macro eNB. 
However, since autonomous gaps would have negative impact on the ongoing services in the serving cell, in Rel-9, MUE would not always read the neighboring cell system information with autonomous gaps when it is close to CSG femtos, but just read it according to the request from macro eNB. For example, for a MUE who is not a subscriber of any CSG femto, network would never request him to read system information of a femto. If we want to use this solution for ABS pattern reading, then all MUEs should read the neighboring cell system information mandatorily. 
Solution 2 was also proposed in [2] and discussed in RAN2#72 meeting. In our understanding, the main reason why it is not accepted is the mandatory neighbor cell SIB reading for a non-allowed cell.
· Solution 3: UE could identify the ABS pattern by its measurement and report the identified pattern to macro eNB.
When a MUE detects that it is close to a femto, it could start to identify the ABS pattern with the highest SINR to identify the ABS pattern configured by a closed femto, and then report the identified ABS pattern to Macro eNB. When received the ABS pattern report, Macro eNB could confirm the reported pattern to let MUE start to perform the CSI measurement with the identified restricted resource pattern. It should be noted that to avoid the ping-pang of pattern reporting, some L3 counter and/or L3 timer can be defined for the identified pattern reporting. Details can be FFS.
There would be additional complexity for UE implementation to identify the ABS pattern. But macro eNB can signal some ABS pattern restriction information to MUE based on the OAM information. For example, macro eNB could signal the possible ABSF patterns which could be used by femtos in its coverage area to MUE. With such ABS pattern restriction information, the number of candidate patterns to be detected can be limited to reduce the complexity of ABS pattern identification. If some proper limitation on the candidate ABS patterns for MUE to identify could be made, this solution could be a possible compromised solution between the complexity of UE implementation and the flexibility of adaptation to femto traffic variance.
4 Conclusion

In this contribution, the issue for ABS pattern identification when a MUE is approaching a femto in macro-femto scenarios has been addressed. Some solutions to the issue are also discussed and analyzed. Based on the discussion, we concluded that solution 3 is more preferable considering it could be a compromised solution between UE complexity and traffic variance adaptation.
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