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1 Introduction 

 This paper investigates the macro-pico scenarios where measurement restriction needs to be applied, and also attempts to derive signalling mechanisms that is required to support such measurement restriction under the considered scenarios. This paper mainly focuses on connected mode scenarios. 
2 Discussion 
2.1 Maro-pico coordination 
Macro-pico cell eICIC is motivated by the scenario that macro cell wants to offload some of its traffic to pico cells that are deployed on the same frequency. Inbound handover or cell reselection to pico cell can be considered as possible means of traffic offloading. Key feature of macro-pico eICIC is that macro cell almost empties some subframes such that some PUEs can be served by weak pico cell that is strongly interfered by the macro cell otherwise. The PUE performs serving cell measurement (RRM, RLM and CSI) only during macro ABS, i.e., performing restricted measurements, otherwise the PUE identifies severe degradation of the its serving pico cell.
The subframe that is almost emptied by macro cell is so called ‘macro ABS (almost blanked subframe)’. In Figure1, actual coverage of pico cell without any interference coordination is green-painted area. With the help of macro ABS, PUE located in slight outside of green area can be also served by pico cell. The dotted line surrounding the green area is expanded pico cell area. This expanded area is so called ‘pico RE (range expansion)’. This pico RE is in general vulnerable to interference from macro cell.
2.2 Measurement restriction on serving cell depending on PUE location
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Figure1. UE moving from macro to pico cell. 
Measurement restriction in pico RE

Now let us assume that MUE has moved from A to B, during which UE performs handover to pico cell. The UE is now located in B, i.e., pico RE and now served by pico cell only during macro ABS to avoid interference from macro cell. The PUE in B needs to apply measurement restriction on serving cell measurement by using macro ABS because using macro ABS on serving cell measurements guarantees that serving cell is identified as being good during macro ABS even under strong interference from macro cell during non-macro ABS.  
Measurement restriction inside pico cell
Let us further move the PUE from B to C. Now PUE is located in C, e.g., deep inside the pico cell coverage. The PUE can be served during non-macro ABS in addition to macro ABS, because pico cell is strong enough to serve the PUE even under the interference from macro cell in that area. If PUE is now served during non-macro ABS in addition to macro ABS, it is desirable to release the measurement restriction on serving cell that was applied when UE is located in B. If UE does not release measurement restriction on serving cell measurements while it can be served during non-macro ABS, the measurement results on serving cell would look much more ‘optimistic’ than the UE would really experience. Possible bad outcome of such optimistic measurements could be that PUE may not declare RLF even when the PUE is really in RLF condition, serving-related RRM report may be triggered too early or too late, and that the too optimistic CQI may result in unreasonably high ratio of transmission/reception failure. (It is now FFS in RAN1 if CQI measurement is also restricted by the same restriction for RRM/RLM). To avoid such bad outcome due to unreleased measurement restriction inside pico cell, we propose:
Proposal 1 RAN2 discuss if it is beneficial that measurement restriction is applied depending on whether UE is in pico RE or inside pico coverage, i.e., in pico RE, measurement restriction with macro ABS is applied, while not inside pico coverage.
If proposal1 is acceptable, then it should be decided how measurement restriction can be differently applied depending on PUE location. Basically two approaches can be considered: 1) UE autonomous switching between measurement resources, 2) Network control with UE measurement report assisted. If network control is feasible, it should be always preferred over UE autonomous behaviour especially for connected mode mobility. 
Regarding network control of measurement resource switching, it seems that A1 RSRP with well defined A1 threshold will detect when UE enters inside the pico cell coverage out of pico RE, and this detection will be informed to pico cell. Then it is reasonable for pico cell to switch measurement resource for the PUE. So it is proposed that
Proposal 2 For connected mode PUE, existing RRM measurement mechanism (e.g., A1 triggered by RSRP) can be used to detect whether PUE is in pico RE or inside pico coverage. The switching of measurement resource is configured by network by dedicated signaling. 
2.3 Measurement restriction on neighbour cell depending on MUE location

As it is already well indicated in [1][2], it is essential for MUE to apply measurement restriction on neighbour cell measurements by using macro ABS to detect weak neighbour pico cell. No further issues are expressed here. 
2.4 Signalling support for macro ABS

Restricted resource using Macro ABS should be already known to MUE for MUE to be able to detect weak pico cell using restricted measurements. It is then obvious that macro cell should signal restricted resource for measurements to MUE. The question is then if this signalling should be dedicated or broadcast signalling, or both needs to be supported. 
For connected mode UE configuration, dedicated signalling is a baseline. From pico cell perspective, depending on its scheduling policy, pico cell may want to configure different measurement resource for restricted measurements for its PUEs. In addition to this, in section 2.2, we have discussed if it is beneficial to apply measurement resource switching based on PUE location. To support these scenario of UE specific measurement resource configuration, it is proposed that 

Proposal 3 RAN2 support dedicated signalling of restricted resource related to macro ABS. 

It is expected that this dedicated signalling of restricted resource related to macro ABS is used by macro cell & pico cell. RRCConnectionReconfiguration can be extended for this purpose. 

Proposal 4 Mechanism of dedicated signalling of restricted resource related to macro ABS can be used by both macro & pico cell. 

Broadcast of restricted resource by macro cell seems also beneficial because in macro-pico eICCI scenario, all MUE can be potentially the candidate of inbound handover to pico RE. SIB1 or SIB2 is extended to include the restricted resource related to macro ABS. 
Proposal 5 RAN2 support broadcast of restricted resource related to macro ABS. 
It should be noted that following general configuration mechanism, broadcast resource restriction information is overwritten by dedicated resource restriction This broadcast mechanism can be also used by both macro cell & pico cell.
Proposal 6 Mechanism of broadcast signalling of restricted resource related to macro ABS can be used by both macro & pico cell. 

Regarding proposal 3 and proposal 5, it is now FFS what information the restricted resource configuration should contain. This can be discussed if other issues are clarified and resolved. 
In order for pico cell to schedule PUE with range expansion during macro ABS, pico cell should be aware of macro ABS pattern. Since it is generally assumed that there is X2 interface be                                                                                                            tween macro and pico cell, this knowledge of ABS pattern can be transferred from macro to pico cell via X2 message signalling. Since this is RAN3 issue, no further remarks are made on this. 

3 Conclusion

Proposal1 and 2 does not suggest any changes to RAN2 specifications
Proposal 7 RAN2 discuss if it is beneficial that measurement restriction is applied depending on whether UE is in pico RE or inside pico coverage, i.e., in pico RE, measurement restriction with macro ABS is applied, while not inside pico coverage.
Proposal 8 For connected mode PUE, existing RRM measurement mechanism (e.g., A1 triggered by RSRP) can be used to detect whether PUE is in pico RE or inside pico coverage. The switching of measurement resource is configured by network by dedicated signaling. 
Proposal3 through 6 requires some changes to RAN2 specifications

Proposal 9 RAN2 support dedicated signalling of restricted resource related to macro ABS. 

Proposal 10 Mechanism of dedicated signalling of restricted resource related to macro ABS can be used by both macro & pico cell. 

Proposal 11 RAN2 support broadcast of restricted resource related to macro ABS. 
Proposal 12 Mechanism of broadcast signalling of restricted resource related to macro ABS can be used by both macro & pico cell. 
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