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1. Introduction
In this contribution we continue the discussion on how to proceed with some of the work that should be done for RRM within the feICIC work item. The starting point is the various LS from RAN1 [2][3] which provide information on the scope of feICIC, as well as the decisions from the previous RAN4 meeting on feICIC [5]

 REF _Ref324769408 \r \h 
[6].
2. Discussion on Rel-11 feICIC RRM work
In this paper we consider cell search and measurements, as well as details of reference receiver for feICIC. In RAN4#62bis [1], it was agreed that the baseline receiver should be aware of the assistance information needed for handling the CRS interference, and that cell detection should be considered for up to 9 dB CRE. Additionally, system simulation assumptions were agreed for evaluating the interference conditions for the 9 dB CRE. Our preliminary results for this are provided in reference [8].
For the benefit of discussion, Table 1 summarize how the receiver-based techniques can be used for different “use cases” of interference suppression via feICIC, i.e. the different purposes for which the interference suppression techniques can be used for, and where they can be effective.
Table 1. feICIC: Use cases for receiver-based techniques
	feICIC technique use case
	Benefit from receiver-based techniques

	Cell search
	+Receiver-based techniques can can aid in cell search by removing the interfence to PSS/SSS

	Neighbour cell RRM measurements
	+For colliding CRS, using receiver-based techniques for RSRP/Q measurements may improve measurement accuracy (since the Es/Iot of the CRS improves) 

	Serving cell RRM measurements
	+For colliding CRS, using receiver-based techniques for RSRP/Q measurements may improve measurement accuracy. 
+For non-colliding CRS, the RSRQ might be affected by CRS cancellation.

	RLM measurements
	+For colliding CRS, using receiver-based techniques for RLM measurements is necessary to remove the high interference from CRS and thereby improve consistency of RLM. This is also dependent on the used ABS subframe type, i.e. MBSFN or normal subframe ABS.

	CSI measurements
	+The CSI measurement subset indicated for ABS measurements should be using receiver-based techniques for cancelling the CRS interference. 

	Demodulation
	+Receiver-based techniques allow demodulation under larger CRE by mitigating the CRS interference affecting control and data channel transmission.


2.1
Cell search for Rel-11 feICIC
The assumptions for the baseline receivers [5] state that the performance of feICIC should be evaluated in a receiver-agnostic way for non-colliding CRS, and using CRS cancellation for colliding CRS case. Further, it is stated that cell detection should be studied with both baseline Rel-10 receiver as well as a cancellation receiver.

Proposal 1: PSS/SSS detection should be evaluated with/without interference cancellation.
Based on the discussion in [8], we note that for cell search, the typical use case involves a single dominant interfering cell for UEs. This is convenient in the sense that a single interfering cell was also assumed in Rel-10, so similar assumptions could be re-used when defining the side conditions for cell search. During Rel-10, the side conditions were derived assuming the measured cell SNR level was at -4 dB and the interfering cell SNR level was at 1 dB. Other interferer levels of up to 5 dB interferer (corresponding to -10.2 dB Es/Iot for cell search) were also evaluated, but since the receiver was assumed to be similar to the Rel-8 baseline receiver, the requirements were specified for -7.5dB Es/Iot.
Proposal 2: 
The cell search evaluations and test cases for Rel-11 should assume a single explicitly modelled interfering cell.
For cell search, RAN4 has also received two liaisons from RAN1 [2][3], which have indicated the following aspects for cell search assumptions:
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Utilizing Release-10 signalling implies that the existing neighbour cell PCI list (for cells to be detected and measured with TDM eICIC restrictions) from Rel-10 is utilized to assist the cell search. As per RAN4#62bis decisions, this is taken to mean that PSS/SSS interference suppression could be evaluated by RAN4. Further, during Rel-10 time frame some evaluations were made to assess how changing the false alarm rates for cell search would affect the performance.
The simplest starting point for the RAN4 studies would be to first look at the interferer levels from the system level simulations, and perform cell search simulations similar to those performed for Rel-10 eICIC work, both with and without interference suppression techniques to see how much the performance could be improved with the Rel-11 mechanisms. As feICIC is mostly likely to be applicable to lower speed UE, there may be no need to consider different cell identification time compared to the 1000ms Tbasic_identify_E-UTRA_FDD_eICIC, intra which was specified in release 10 work.
However, as discussed already in previous meeting, we think that it is important to fully understand how the neighbour information is intended to be used to assist the UE, and what assumptions the UE should make in searching for an eICIC target cell. At least the following questions should be considered:

· What is the timing uncertainty that the UE may assume for the cells: In Rel-10 test cases, the reception of signals from the cells were assumed to be within 3 microseconds of each other. Can we still reuse the same assumption given that the CRE is bigger?

· Are PSS and SSS correlations still expected to be performed, or is it sufficient to search CRS of target cells, while at the same time cancelling PSS/SSS/CRS of the stronger interferer? 
· We think that it would be natural for RAN4 to retain the assumption that cell search works in a similar way as it does in Rel-10, i.e. UE determines the CP length after SSS acquisition.)

· The existing Rel-10 signalling allows for indicating the full range of PCIs for the UEs, which seems excessive for the cell search purposes. Should we allow the network to signal any number of cells as “assistance information” to the UE?

· If the UE is signalled the full PCI range with the neighbour cell signalling, the PCI information will not be useful for cell search because the UE is not provided any additional information about the interferers
· It should be better studied how much the amount of assistance information (i.e. the amount of PCIs signalled) affects the accuracy of cell detection. One simple option could be to reuse the Rel-10 maximum amount of intra-frequency cells to be tracked as a restriction (i.e. limit the number of signalled PCIs to 8, as per current specifications for measurements)
Proposal 3: 
RAN4 should discuss the parameters for cell search evaluations (e.g. measured cell level, interfering cell level) for the RAN4 demodulation ad-hoc in June 2012.
Proposal 4: RAN4 should discuss how much the PCI assistance information for feICIC helps in cell detection, i.e. how many cells is it reasonable to signal to the UE.
2.2
RLM/RRM measurements for Rel-11 feICIC
Once cell detection is better understood, the other main measurement related work in RAN4 is measurement accuracy. In principle the requirements can be defined in a similar way to release 10 RSRP/RSRQ accuracies but it is expected that up to 9dB cell range extension and CRS canceller would be considered in the work. Colliding CRS with non-MBSFN ABS is expected to be considered in addition.
According to the results in [8], we see that the existing Rel-10 requirements could be appropriate also in Rel-11.

Proposal 5: 
RRM/RLM measurement requirement side conditions do not need to be changed compared to Rel-10 (Measured cell SNR = -4dB, interfering cell SNR = 5dB).
Proposal 6: RSRP and RSRQ accuracy can be defined following a similar methodology to rel10 eICIC but accounting for up to 9dB cell range extension, updated reference receiver and possible non-MBSFN-ABS CRS collision.

The radio link monitoring requirements were already briefly discussed in RAN4#62bis, and the work could follow a similar approach to that used in Rel-10. Additionally, the updated baseline receiver has capability to process demodulation in colliding CRS case.
Proposal 7: RLM thresholds can be defined following a similar methodology to Rel-10 eICIC but accounting higher interference level, updated reference receiver and possible non MBSFN-ABS CRS collision. 
3. Conclusions

In this contribution we have continued the discussion on some aspects of the work RAN4 needs to do on feICIC, specifically for cell search and RLM/RRM, based on the discussion during RAN4#62ibs and the liaison statements from RAN1. The following proposals were made:
Proposal 1: PSS/SSS detection should be evaluated with/without interference cancellation.
Proposal 2: 
The cell search evaluations and test cases for Rel-11 should assume a single explicitly modelled 
interfering cell.
Proposal 3: 
RAN4 should discuss the parameters for cell search evaluations (e.g. measured cell level, interfering cell level) for next meeting.
Proposal 4: RAN4 should discuss how much the PCI assistance information for feICIC helps in cell detection, i.e. how many cells is it reasonable to signal to the UE.
Proposal 5: 
RRM/RLM measurement requirement side conditions do not need to be changed compared to Rel-10 (Measured cell SNR = -4dB, interfering cell SNR = 5dB).

Proposal 6: RSRP and RSRQ accuracy can be defined following a similar methodology to rel10 eICIC but accounting for the higher interference level, updated reference receiver and possible non-MBSFN-ABS CRS collision.

Proposal 7: RLM thresholds can be defined following a similar methodology to Rel-10 eICIC but accounting higher interference level, updated reference receiver and possible non MBSFN-ABS CRS collision. 
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Cell detection principles


Network assistance to simplify UE implementation of cell detection for 9 dB CRE bias


Higher-layer signaling is utilized to aid the UE
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•	Rel-10 signalling can be used to assist cell search


•	Further study until next meeting whether UE can assume the CP length of aggressor cell(s) and victim cell is the same












