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1. Introduction
In heterogeneous networks, the interference problem may become serious due to the introduction of low power nodes which leads to low geometries especially in the co-channel deployment scenarios. The low geometries seen in heterogeneous deployments [1] necessitate the use of interference coordination for both control and data channels to enable robust operation. Many interference coordination methods for control channel have been proposed [2]~[5] which configures ABS and MBSFN subframe for interference coordination. In RAN1 #62bis meeting [6], it was concluded that two ABS/MBSFN subframe patterns are exchanged between MeNB and PeNB:
· Patterns are semi-statically updated, i.e. not faster than existing Rel-8/9 X2 RNTP signals 
· One bitmap indicates the subframes which are ABS 
· A second bitmap indicates a subset of the subframes indicated by the first bitmap, which are recommended to receiving node for configuration of restricted RLM/RRM measurements 
· Serving cell indicates actual resources for RLM/RRM and CSI through RRC signaling (details in next slide) 
· Trigger: aperiodic, event-based 
In this contribution, we analyze the detailed design of exchanged subframe pattern and discuss its impact on the measurement. 
2. Discussion

2.1. ABS/MBSFN subframe pattern
As also discussed in RAN4, for performance requirements, limited set of patterns need to be defined. Before any possible restricted pattern, it is necessary to look at the actual ABS pattern since restricted pattern will be a subset of actual ABS pattern and ABS patterns constrains also works on decision of restricted pattern.
2.1.1 Principle of subframe pattern design
As concluded in #62bis meeting, the ABS cooperated with MBSFN subframe is used to handle the interference problem. As analyzed in [7], configuring MBSFN subframe can be benefit in the data channel performance. So considering the system performance, the number of MBSFN subframes in the subframe pattern configured for interference coordination should be as more as possible. Notice that the initial motivation of introducing ABS/MBSFN subframe is to avoid interference in the control channels. Some system information and related control channels such as PBCH/PSS/SSS/Paging and their control signal are located in subframe 0,4,5,9 for FDD and 0,1,5,6 for TDD which cannot be configured as MBSFN subframe.  But even if they are configured as ABS, interference will still be there unless the performance and coverage can be sacrificed in aggressor cell. 
To solve this problem, one possible solution is to apply time shift between MeNB and PeNB [3]. However, this method cannot work in some TDD configurations, e.g. the TDD configurations which have 10ms DL- to-UL switch periodicity. Furthermore, the interference to PSS/SSS still exists at special subframes. If considering less than 5 ms time shift, different UL/DL configurations between aggressor and victim cells may work [9], which needs more efforts on further analysis of possible impact to aggressor and victim cell. 
Another possible solution is to avoid the scenario that causes severe interference problem, which means the RE bias should be limited to a moderate value in Macro-Pico case. As analyzed in [7], when the RE bias value is smaller than 9 dB, the PBCH/PSS/SSS can be reliably received without any interference coordination solution. That also works for Macro-Femto case (ABS pattern is predefined by OAM) if reliable power setting scheme is applied.  For ensuring the transmission of Paging, it at least needs to carry Paging information to subframe 9 for FDD and subframe 0 for TDD during a certain paging period, e.g.20ms.
Considering the above items and scenarios, the actual ABS subframe pattern can be decided and then the more stable measurement pattern can be expected as a subset of those possible actual ABS pattern.

In the Appendix, we give examples of possible ABS patterns for both FDD and TDD.
2.2. Impact on measurement
In [6], it is concluded that new RRC signaling is used to inform R10 UEs the restricted subframe set for resource specific RLM/RRM and CSI measurement. 
In R8 system, the subframes used to implement RLM/RRM and CSI (interference average part) measurement rely on the UE manufacture, and UE can average the measurement result among any subframes in the measurement window. In R10 system with co-channel Het-Net and time domain solution, as the interference condition for different subframes can be quite different, restricted subframes set is informed to UE to implement measurement. This will reduce the number of subframes to implement measurement which may have impact on the measurement accuracy. 
2.2.1 Measurement accuracy gap
The RLM/RRM measurement result is acquired by the CRS measurement. However, the CRS measurement results may not reflect the actual channel condition.  For an example of Macro-Pico, in non-collision CRS case where the CRS for Macro and Pico locate in non-overlapped REs, the CRS seen in Pico does not suffer any interference as the corresponding REs in Macro are blanked. However, the interference to control and data channel normal REs in Pico exists at least from CRS in Macro. In the collision CRS case for Macro and Pico locate in overlapped REs, the CRS seen in Pico suffer severe interference while other REs do not come across any interference. 
The similar problem also happens to CSI measurement [8].  Accordingly, there will be a non-match between the measured RLM/RRM and CSI and actual channel condition even if interference average is only done within restricted low-interfered subframes. That may lead to inappropriate MCS selection, handover or RLM process. This caused accuracy gap can be mitigated a bit by applying MBSFN subframes instead of normal ABS. But it needs to be evaluated by RAN4 further to see whether this accuracy problem will impact meeting requirement for CSI. To enhance measurement, cell-specific antenna ports, i.e. CRS ports, exchanged over X2 interface can be helpful.
Proposal: It needs to be evaluated further by RAN1/4 to see whether the no-match problem with colliding CRS and non-colliding CRS will impact meeting requirement for RLM/RRM and CSI measurement. 
3. Conclusion
In this contribution, we analyze the detailed design of exchanged subframe pattern and discuss its impact on the measurement. Some of considerations on principle of actual ABS subframe pattern design are given in section 2.1.1 and possible pattern examples are provided in Appendix. Also, regarding the restricted subframe pattern, further analysis on measurement accuracy gap issue is raised and we get the proposal as below:
Proposal: It needs to be evaluated further by RAN1/4 to see whether the no-match problem with colliding CRS and non-colliding CRS will impact meeting requirement for RLM/RRM and CSI measurement. 
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Appendix:
A1: Subframe pattern for interference coordination (FDD)
Two subframes shift is applied in this example and the paging occasion is restricted to subframe 9 in even radio frames. The ABS pattern illustrated below can be able to protect the UL transmission as well as PBCH/SCH/Paging/SIB1 for Pico. In this example, one UL transmission occasion in one pattern period for Pico is protected, i.e. one UL HARQ for Pico. The corresponding supported maximum UL HARQ process for Macro is 7.
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A2:  Subframe pattern for interference coordination (TDD)
TDD configuration 1:

One subframe shift is applied and the paging occasion is restricted to subframe 0 in even radio frames. In this example, the UL subframes which collide with the DL subframes in the other layer are configured as fake UL subframes, which means no transmission is presented in these UL subframes. As illustrated in the ABS pattern below, when MeNB configures fake UL subframes, two UL transmission occasions (for example, subframe 4 and 9 in radio frame 0) remains for Macro and  two UL transmission occasions (for example, subframe 1 and 6 in radio frame 0) are protected for Pico in a radio frame, i.e. two UL HARQ for both sides. This pattern can also be able to protect the transmission of PBCH/SCH/Paging/SIB1 for Pico.
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