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1. Introduction
At RAN1#67, several conclusions were made on FeICIC [1] in which one was: 
· Handling of CRS interference 

· RAN1 recommends RAN4 to consider UE performance requirements for UE Rx based techniques for DL control/data demodulation (PDCCH/PDSCH), UE measurements/reporting for 9 dB CRE bias according to WID for colliding and non-colliding CRS scenarios with ABS configurations

· Information on number of CRS ports of neighbor cell(s) is needed

· Information on which subframes in neighboring cell(s) the CRS is present (e.g. MBSFN configuration) is needed
In this contribution, aspects on network assistance for CRS handling related to a 9 dB cell bias are discussed.
2. Discussion
In order to suppress CRS interference from a neighbor cell, a UE needs to determine, or acquire information on, which resource elements that are interfered as well as determine if suppression should be done or not. Thus, the UE needs to determine both the PCI and the number of CRS ports of that neighbor cell. Further, the UE needs to determine if the CRS interference is present or if the power of the CRS interference is such that suppression will likely not degrade the performance. Examples of scenarios where CRS interference suppression should not be done are when the neighbor cell does not transmit CRS, as in data fields of MBSFN subframes, and when the CRS interference is not dominant (or much weaker) with respect to the CRS of the serving cell.
Acquiring information on number of CRS ports of a neighbor cell

The PCI of neighbor cells readily follow from cell detection (mobility measurements) whereas acquiring information on the number of CRS ports would require decoding of the PBCH of the neighbor cell. At RAN#67, there was a discussion whether the UE should autonomously detect the number of antenna ports of the neighbor cell or if the network should assist the UE with such information. No conclusion on which way to go was made but the common understanding was that the UE needs this information in order to suppress CRS interference from a neighbor cell. The motivation for network assistance is additional UE complexity followed by blindly detect the number of antenna ports of a neighbor cell.
When a pico UE is operating within the cell range expansion, the received power of the macro PBCH is by definition stronger than the received power of the PBCH of its serving cell so it is likely that the UE will be able to decode the macro PBCH from one radio frame. Once the UE has detected number of antenna ports of the macro cell to suppress CRS interference from, it basically only needs to decode neighbor cell PBCH when another macro cell starts to dominate the interference towards the pico UE. The alternative to UE autonomously detection of number of antenna ports is that the network provide this information via new RRC signaling. The number of antenna ports is part of the same load information message as the ABS patterns over X2, and whenever ABS patterns are exchanged over X2 the receiving node will thus know the number of antenna ports of the sending neighbor. The (pico) eNB may signal information of number of antenna ports of all known neighbor cells to the UE, or the UE may first indicate certain dominate neighbor cell to the network and then receive a message including number of antenna ports of that cell.
Figure 1 illustrates three scenarios where UE cancellation of neighbor cell CRS transmissions would be considered. In scenario a), the UE has detected a weak pico cell and the macro cell decides to hand over the UE to the pico cell. In this case, the UE has all the knowledge of the number of antenna ports of the dominant interferer (i.e. the serving macro cell) and there would be no need to blindly decode the PBCH. In scenario b), the UE is associated with a cell of MeNB2 which decides to hand over the UE either to the pico cell or to the cell of MeNB1. In this special case the serving macro cell may first “consult” the neighbor macro, and perhaps the pico, about the load situations in the cells before handing over the UE, or it could simply hand over the UE to one of the cells. If the UE is handed over to the pico cell, the UE would need to acquire number of antenna ports of the neighbor macro cell. In scenario c), the pico UE is moving out from the pico cell center towards the cell range expansion zone and may decide to switch on CRS interference suppressing from a dominant neighbor macro cell. Then the UE either requests information about the number of antenna ports of the macro cell of interest from its serving node, or it autonomously detect the number of antenna ports of the neighbor cell. In the case where an eNB is to provide the UE with the number of neighbor cell antenna ports, the eNB may first have to request this information. 
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Figure 1 Three scenarios where information of number of neighbor cell antenna ports would be needed
Although that changing number of antenna ports in a cell would not happened often, or not at all, one might need to consider a situation where this happens. One possibility to handle such situation in a UE-centric way would be that the pico UE occasionally decodes the PBCH from the dominant macro. Another possibility would be that the pico UE monitor the CRS EPRE of REs associated with R0, R1 (two antenna ports) and R2, R3 (four antenna ports) of the macro to suppress CRS interference from. The network centric way would be that the serving pico cell signals the number of neighbor antenna ports to the UE whenever it is to be changed.
Detecting PBCH of the pico cell at 9dB cell range expansion may either need interference suppression of macro PBCH or that the information carried by PBCH is signaled in a non-Rel8 fashion. For example, the scenario could refer to c) in figure 1 in which the UE approaches geometries that reliable detection of pico PBCH may not be possible. If the UE is to suppress macro PBCH interference, then the number of antenna ports follows directly.
Proposal 1: Before considering network aided signaling of number of antenna ports of neighbor cells, thorough evaluation on feasibility/complexity for a UE to acquire such information autonomously need first to be addressed.

Acquiring information on MBSFN subframes of neighbor cells

A UE should not apply CRS interference suppression on resource elements that align with data fields of MBSFN subframes of interfering macro cell. This was the common understanding at RAN1#67, and therefore there is a need for the UE to acquire information when CRS interference suppression should not (or should) be done. Whether this information shall be provided by the network or be autonomously detected by the UE was not concluded.
In order for a UE to acquire information about MBSFN subframes, it would need to first acquire system information carried by PBCH and SIB1, and then detect SIB2 [2]. This might be seen as too cumbersome for a UE, in particular if more than one neighbor cell is to be considered. An indirect way for a UE to acquire this information autonomously could potentially be to perform neighbor cell channel power estimation based on assumed neighbor CRS transmission in the data field of a subframe. Such channel power estimate could then be evaluated against a corresponding channel power estimate based on the neighbor CRS transmissions in the control region of the subframe. It is believed that a UE would need to base decisions on CRS interference suppression on some neighbor cell channel power estimation, in which channel power estimation within the data field only could be seen an intermediate power estimation step. 
Figure 2 illustrates two cases with ABS patterns in which 60% of the ABS is MBSFN subframes (non-ABS subframes are here assumed to be normal subframes). One observation which then readily follows from these ABS patterns is that every time the ABS density is changed, there would be a need for the UE to re-acquire neighbor MBSFN information. Another observation is that MBSFN subframes may prevent channel smoothing across subframes, so neighbor cell channel estimation may need to be based on a single subframe. A major drawback by configuring ABS subframes as MBSFN is that a change of the ABS patterns may lead to system information modifications of SIB2, implying that the network needs to notify UEs about the modification prior the change, which in turn implies that UEs need to acquire system information whenever ABS patterns are changed. Hence, using MBSFN as ABS seems to be of most interest in rather static ABS scenarios. Another scenario where one might consider configuring MBSFN in perhaps all possible subframes is when almost all connected UEs in the macro cell are configured with TM9. Then, there would be no need to re-configure MBSFN patterns whenever the ABS patterns are changed as such UEs can also be scheduled in MBSFN subframes. On the other hand, in systems where almost all UEs support TM9, pico cells may then also configure MBSFN subframes in all possible subframes, implying that existing (implicit) signalling of neighbor MBSFN can be considered. One may notice that configuring non-ABS as MBSFN subframes would have an impact on when to send RACH responses (msg2).
A design principle related to ABS patterns from the eICIC work in rel10 was to avoid frequent re-configurations of subframe restricted UE measurements. Therefore, X2 signalling of ABS subset patterns’ indicating the ABS macro’s intended to keep as ABS over a longer time period was introduced. Same principle of avoiding frequent re-configurations, in this case of SIB2, seems as a good idea also for further eICIC rel11.

Proposal 2: Before considering network aided signaling of MBSFN patterns of neighbor cells, a thorough evaluation on feasibility/complexity for UEs to acquire such information autonomously need first to be addressed.
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Figure 2 Examples of ABS patterns with MSBFN subframes
3. Conclusion

In this contribution, aspects on network assistance for CRS handling related to a 9 dB cell bias are discussed with respect to acquiring information on number of antenna ports and MBSFN patterns of neighbor cells. The following are proposed:
Proposal 1: Before considering network aided signaling of number of antenna ports of neighbor cells, a thorough evaluation on feasibility/complexity for UEs to acquire such information autonomously need first to be addressed.
Proposal 2: Before considering network aided signaling of MBSFN patterns of neighbor cells, a thorough evaluation on feasibility/complexity for UEs to acquire such information autonomously need first to be addressed.
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