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1
Introduction
As per the RAN1 LSs ([2], [3]), RAN2 is expected to start discussing the signallling for the feICIC. We discuss the necessary signalling and show how it could be incorporated into RRC specification [1].
2
Assistance Signalling for 9 dB CRE
As the RAN1 LS to RAN2#77 indicates, the receiver-based techniques would require the following assistance information for the UE to support 9 dB CRE:
· PCIs for the cells for which receiver-based techniques are to be applied (this already supplied by Rel’10 signalling for the eICIC pattern used for neighbour cell RRM measurements)

· CRS ports (1, 2 or 4): To do CRS cancellation, the UE needs to know which CRSs are present.
· MBSFN neighbour cell configuration (for each neighbour cell or neighbour cell group): As per the recent RAN2/4 discussions [4], the UE doesn’t know the exact MBSFN configuration of the neighbour cells. Therefore, for the same reasons as UE needs to know the transmitted CRS ports, the UE needs to know the MBSFN configuration since only one CRS symbol is transmitted for MBSFN subframes.
Additionally, for the low-power ABS, the UE would need to know the power difference between PDSCH and CRS. However, as the matter is still under discussion in RAN1, we think it is premature to start defining the signalling details. Additionally, whether it would be required for the UE to know the exact ABS configuration of the cells involved in feICIC is still open: in Rel’10, it was decided that the measurement patterns would be enough, but whether anything else is required for Rel’11 is open for discussion.
3
Signalling for feICIC
3.1
Signalling load
First, we note that the current signalling load for eICIC may already be rather high. To calculate the signalling load, we took the existing Rel’10 signalling as the baseline:
· In Rel’10, the UE is signalled the following information about eICIC:
· Serving cell pattern: Single restriction bitmap (size depends on FDD/TDD configuration) takes 20-70 bits 
· E.g. 40 bits for FDD, and at maximum 70 bits (for TDD configuration 0)
· Neighbour cell pattern: restriction bitmap + PCI list with maximum of 32 PCI ranges. Since a PCI range = 8 bits (PCI) + 16 bits (enumeration range) = 24 bits, we find that this IE takes up 20-70 bits + 24 bits * (1-32) = 44-838 bits 

· E.g. for FDD, a typical case might be 8 cell PCI list, which would amount to 40+8*24 = 232 bits
· CSI pattern: 2*restriction bitmap + Additional CQI-config = 40-140 bits + 2*10 bits = 60-160 bits 
· E.g. for FDD, 2*40+2*10 = 100 bits would be required
· Hence, the minimum amount of signalled bits (for FDD) would 40+44+100 = 188 bits (For 8 PCIs, 40+232+100 = 372 bits). 

· The maximum amount of needed signalling bits is 70 + 838 + 160 = 1068 bits 

Based on this, we can calculate the increased amount by taking into account the PCI, CRS ports and MBSFN subframe configuration information/cell.
· Calculating the needed bits for new information:
· PCI: Already supplied by Rel’10 signalling ( 0 additional bits
· CRS ports: 4 ports at maximum ( 2 additional bits/PCI
· MBSFN subframe configuration: MBSFNSubframeConfig IE for each PCI; The size is 3 + 3 + 6/24 bits = 12 or 30 additional bits/PCI
· Based on these we can calculate the Rel’11 feICIC requires 14 or 32 additional bits for each PCI group
· Hence, the minimum increase is 14 bits, which amounts to 14/144 ~ 9.7% increase in signalling bits for eICIC for the minimal configuration.

· E.g. for 8 cells PCI list for FDD, the minimum increased amount would be 8*14 = 96 bits, which is roughly 96/372 ~ 25% increase in signalling bits for eICIC
· The maximum signalling increase / PCI (range) would be 32*(12 or 30) = 384 or 960 bits.
Note that we have assumed here that there is only a single MBSFN configuration per PCI range: If a PCI range could include a different MBSFN configuration for each cell, the amount of signalling would become significantly larger. Therefore, we would propose this is not allowed, and in general, RAN2 could discuss for how many cells the feICIC assistance information is used in general.
Proposal 1: RAN2 should discuss and ask from other WGs if necessary for how many cells is it feasible to signal the feICIC assistance information.

For the ASN.1 structure, the simplest way to add the information would be simply to extend the existing IE for eICIC. However, while straightforward, this might be sub-optimal considering that the same information might also be needed by other procedures than feICIC. An example of this is shown in Figure 1 below (note that the “NcellConf#X” refers to the package containing the CRS + MBSFN information discussed above).
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Figure 1. Mapping neighbour cell assistance information to feICIC neighbour cell pattern
3.2
CoMP and feICIC 
As discussed in [5], similar information as used for feICIC would be needed for CoMP: The CSI-RS measurement configurations would need to be linked to a serving point (identified by a PCI+CSI-RS configuration), and the CRS configuration of the point would be required as well. Hence, it would seem to us that the assistance information for feICIC could also be signalled as a common IE for both CoMP and feICIC.
Proposal 2: RAN2 should discuss whether the same assistance information can be reused for feICIC and CoMP.

Figure 2 shows an example of the current RRM measurement event mapping: Each measurement id always maps a single reporting configuration (i.e. RRM event) to a single measurement object, but a reporting configuration or a measurement object may not be linked to any measurement id, or may be linked to more than one measurement id.
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Figure 2. Example of RRM measurement framework
Considering just feICIC, this seems excessive: As mentioned in previous section, the linking could be done much simpler. However, considering the CoMP, Figure 3 shows an example of how the example of how the existing RRM framework could be reused as a template for the CoMP measurement framework:
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Figure 3. Example of CoMP measurement framework
Here, a CoMP_Id always links one neighbour cell configuration to one CSI-RS configuration, and specifies which CSI-RS measurements UE reports. Additionally, such CoMP_Id could be linked to a measurement object, specifying a similar event configuration as in RRM measurements.

Considering Figure 1 and Figure 3 together, we think it might be reasonable to specify the neighbour cell assistance information as a separate structure that can be used by both feICIC and CoMP functionalities. This would avoid duplication in signalling, given that the same information could be used for both procedures. However, since the overhead for the configuration might not be very large (e.g. 96 bits), it could be discussed whether optimizations are needed or not.
Proposal 3: RAN2 should discuss whether feICIC signalling should be considered jointly with the CoMP signalling.
4
Conclusion
We discussed the commonalities between feICIC and CoMP assistance information, and made the following proposals:
Proposal 1: RAN2 should discuss and ask from other WGs if necessary for how many cells is it feasible to signal the feICIC assistance information.
Proposal 2: RAN2 should discuss whether the same assistance information can be reused for feICIC and CoMP.
Proposal 3: RAN2 should discuss whether feICIC signalling should be considered jointly with the CoMP signalling.
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