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1
Introduction
In this contribution, we discuss the potential signalling needed for supporting the receiver-based techniques for feICIC. During RAN1#67, RAN1 converged on some conclusions regarding the enhancements, but the details were still left open concerning the required signalling details.
2
Assistance Signalling for Receiver-based Techniques
In RAN1#67, the following way forward was sent as an LS to other WGs at the end of the feICIC discussion:
· Reduced non-zero transmit power on DL unicast control and data transmissions in ABS is needed

· Detailed signaling is FFS

· Cell detection principles
· Network assistance to simplify UE implementation of cell detection for 9 dB (larger bias FFS) CRE bias

· Higher-layer signaling is utilized to aid the UE

· RAN1 continues discussion about the details of necessary specification changes

· 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 (larger bias FFS) CRE bias according to WID for colliding and non-colliding CRS scenarios 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

· FFS the additional need for rate matching around CRS of neighbor cell(s) – also discussed in CoMP WI

We consider the UE assistance signalling details for suppporting the receiver-based techniques in the following sections.
2.1
CRS Cancellation Receivers 
Using a receiver-based, CRS cancellation techniques has been the main focus of the RAN1 simulation studies on the receiver-based techniques. As concluded in RAN1#67, techniques to mitigate CRS interference should be considered, and that for receiver-based techniques, at least the following is needed:
· 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

Given the recent RAN2 discussion about UE knowledge and assumptions regarding the neighbour cells’ MBSFN configuration (see [5]) and the decision regarding how to inform the UE about MBSFN subframe presence in neighbouring cells, we note that it is currently mandated that UE is provided the PCI list of cells for which the eICIC applies whenever the eICIC is configured in general. Further, according to the RAN2 decision [5], for all the cells in the PCI list it is assumed that all the indicated measurement subframes are non-MBSFN. Hence, it would seem straightforward to request RAN2 to define the signalling details at least for the already-agreed CRS port information and MBSFN configuration.
Considering a CRS cancellation receiver, it should be noted that there are only 3 non-colliding CRS sequences (determined by the used PSS code). Further, according to the results in e.g. [6], cancelling 2 strongest CRS interferers provides a good tradeoff between performance and complexity. 
However, since the PCI list in the eICIC configuration may contain up to 504 PCIs (i.e. all possible PCIs), there would have to be either a separate indication that UE should cancel certain specific CRS sequences, or leave the task up to the UE to cancel the strongest interferers. For optimal operation, having the UE detect the strongest signals would be preferable, since the network might not even always know the strongest interferers without UE assistance. Given the UE requirement to report at most 8 intra-frequency cells, it would seem reasonable to limit the signalling of such details to at most 8 cells.
Further, a good UE implementation may be able to cancel even more than the minimum requirement, so it would be sufficient to just inform RAN4 of the RAN1 opinion that UE should be able to cancel the CRS from 2 strongest interferers during ABS. Since RAN4 also still needs to define performance requirements, and will require further studies for under which conditions those are to be done, it would be natural to let RAN4 to decide.
Proposal 1: Request that RAN2 defines signalling for informing the UE of the following for at most 8 cells in the current signalling of PCI list for eICIC: 1) Number of sent CRS ports 2) MBSFN configuration.
Proposal 2: Leave up to the UE implementation which CRS sequences are cancelled and inform RAN4 of this decision.
Proposal 3: Request RAN4 to define Rel’11 performance requirements for CRS cancellation up to 2 CRS sequences during ABS.

2.2
PBCH/PSS/SSS Cancellation Receivers 
CRS are not the only thing that may be transmitted during ABS. Specifically, the following may be encountered:

· System information transmission: Critical system information is always transmitted.

· PSS/SSS transmission: Synchronization channels are always transmitted regardless of ABS.

It would appear that (at least most) RAN1 performance simulations done recently have assumed no inteference from either system information of PSS/SSS transmission exists in the ABS, it would seem that receiver techniques are already assuming use of both PBCH and PSS/SSS cancellation. We observe that
· Since the UE knows the PCI of the cells involved in eICIC, both the PSS/SSS are known, and therefore it is (at least in principle) possible for the UE to cancel them.

· Cancelling the PSS/SSS would help in cell detection: If the eNBs involved in eICIC are frame-synchronized, their PSS/SSS transmissions would always overlap, leading to reduced cell detection performance.

· Since eICIC is only assumed to work in synchronous networks, if the cells involved in eICIC are frame-synchronized, the UE may in principle know when the MIB and SIB1 would be transmitted also from neighbour cells, since their timing is fixed.

· However, if only subframe-synchronization is used, this assumption is not valid and UE would require assistance information to do PBCH cancellation. Since the concept of subframe-shifting was left out from Rel’10, we would propose to clarify this for Rel’11 to avoid further confusion later on. To us, it seems that only subframe-synchronization is needed to make the eICIC work, hence that would be the minimum requirement for eICIC usage.
· SIB1 transmission is fixed but the exact frequency-resources may vary: Hence, the UE should be provided with those details to enable cancellation of SIB1 transmission.

· Since SIB2 transmission is always scheduled, the UE cannot know exactly when the scheduling would be done. Hence, the UE should be informed of this via signalling.

Proposal 4: Clarify that the minimum synchronization requirement for Rel’11 eICIC is subframe synchronization.
Proposal 5: UE should be provided with information of SI scheduling in neighbour cells involved in eICIC.
3
Low Power ABS 

The Low Power ABS (LP-ABS) were agreed to be suppported in Rel’11 eICIC according to the RAN1#67 decisions. Such low power ABS would require at least the following information to be indicated to the UE
· Indication of power difference between CRS and data transmission during LP-ABS: As indicated in 36.213, section 7.2.3, the parameter nomPDSCH-RS-EPRE-Offset indicates the offset between PDSCH and CRS:
· The shift 
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is given by the parameter nomPDSCH-RS-EPRE-Offset which is configured by higher-layer signalling. 
However, since the signalled value may range from -2...12 dB (with 2 dB granularity) and given that e.g. a macro cell transmission power may be 46 dBm and pico cell transmission power only 24 dBm, reducing the data power to equal level with the pico cell would result in 46-24 = 22 dB power difference, which is beyond the current signalling capability. However, given that the indication is mainly a signalling issue and can be solved by RAN2, RAN1 should first concentrate on defining the magnitude of the power difference within LP-ABS. 

Finally, we note that there is already currently a 30 dB dynamic range limitation for CA purposes between received power of PCell and SCells. A similar maximum value could be adopted also for this purpose.

· Indication of which ABS are LP-ABS: Even currently, there are 2 types of ABS: Non-MBSFN ABS and MBSFN ABS. These are treated similarly since the indication of MBSFN subframes is handled separately from the ABS indication. If support for LP-ABS is to be added, the UE needs to know if all or only some of the ABS are LP-ABS. If a mixed use of LP-ABS and ABS is supported, yet another eICIC-like mask configuration would be required. 

Proposal 6: RAN1 should discuss and define the possible range for power difference within LP-ABS subframe.
4
Conclusion
We have discussed the remaining aspects related to the signalling enhancements required for feICIC, and made the following proposals:
Proposal 1: Request that RAN2 defines signalling for informing the UE of the following for each cell defined in the current signalling of PCI list for eICIC: 1) Number of sent CRS ports 2) MBSFN configuration.

Proposal 2: Leave up to the UE implementation which CRS sequences are cancelled and inform RAN4 of this decision. 

Proposal 3: Request RAN4 to define Rel’11 performance requirements for CRS cancellation up to 2 CRS sequences during ABS.

Proposal 4: Clarify whether Rel’11 eICIC works only when frame-synchronized or whether subframe synchronization is sufficient.

Proposal 5: UE should be provided with information of SI scheduling in neighbour cells involved in eICIC.

Proposal 6: RAN1 should define the possible range for power difference within LP-ABS subframe.
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