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1
Introduction
In the RAN1#68bis, there was a lengthy discussion about sending an LS to RAN2 to further clarify what the previous RAN1 LSs [1]

 REF _Ref319933879 \r \h 
[2] intended. The LS was eventually agreed after an e-mail discussion in [3]. 

During the discussion, it became apparent that there are varying viewpoints as to what exactly are the exact use cases for feICIC, and more specifically where the receiver-based techniques can be helpful. In this contribution, we discuss these use cases in an effort to bring clarity to the discussion.

2
Discussion on Assistance Signalling for Supporting feICIC with 9 dB CRE
Considering the feICIC in Rel-11, we see that compared to Rel-10 eICIC, there are only few small differences. These differences are shown in Table 1.

Table 1. Comparison of Rel-10 eICIC and Rel-11 feICIC
	Rel-10 eICIC
	Rel-11 feICIC

	+Supports up to 6 dB CRE

+Supports measurement patterns for serving cell RRM/RLM, neighbour cell RRM and serving cell CSI measurements (0/2 patterns)

+Both MBSFN and normal ABS supported

-Does not support receiver-based techniques in specifications

-Colliding CRS support is not fully supported


	+Supports all Rel-10 eICIC features

+Supports up to 9 dB CRE

+Supports receiver-based interference suppression techniques to facilitate the 9 dB CRE; Assistance information about aggressor cell CRS transmissions is required to accomplish this

+Supports low-power ABS (details are still FFS)

+Colliding CRS supported due to receiver-based techniques (details are still FFS)


Since the main focus of the assistance information is on how to support the 9 dB CRE, we discuss the use cases for that.
2.1
Required Assistance Information 
As the RAN1 LSs to RAN2#77 [1], RAN2#77bis [2] and RAN2#78 [3] indicate, the receiver-based techniques would require the following assistance information to be provided by higher layers for the UE to support 9 dB CRE:
· PCIs for the cells for which receiver-based techniques can be applied (Part of this information, i.e. for which cells to do cell search for, is 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 the CRS configurations of the aggressor cells.
· MBSFN neighbour cell configuration (for each neighbour cell or neighbour cell group): As per the recent RAN2/4 discussions [5], 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 in 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 and whether anything else is required for Rel’11 has not been decided yet.
We also note that RAN4 started discussing minimum interference mitigation capabilities in terms of total number of considered interferers and their CRS configuration in terms of number of ports. RAN4 has not reached yet any conclusion on this topic.
2.2
Use Cases for Receiver-Based Techniques 
During RAN1#68bis, there was a lenghty discussion on the use cases of receiver-based techniques. It was seen unclear for which purposes could the receiver-based techniques be used together with the assistance information. However, it should be noted that the same discussion has been ongoing also in RAN4, where the decisions on baseline receivers [4] have mentioned that IC receivers may be considered for all of the following use cases: Demodulation, RLM, RRM and CSI measurements. We discuss these briefly in Table 2 below.

Table 2. 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. 

	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.


The same information is also reflected in Figure 1 below, showing different kinds of situations where the UEs may wind up due to feICIC.

Figure 1. Use cases for feICIC CRS cancellation 
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Table 2 shows which eICIC patterns could be configured for which UEs in Figure 1.
Table 3. feICIC: eICIC Patterns configured for UEs in difference conditions 
	UE situation
	Configured eICIC patterns (1=serving cell, 2=neighbour cell, 3=CSI)

	Pico CRE UE 
(UEs #1a, #2, #3, #4 in Figure 1)
	1, 2, 3
Pattern 1 is needed to make RLM work

Pattern 2 is needed to be able to measure neighbouring pico cells
Pattern 3 is needed for proper scheduling of UEs in CRE zone

	Pico non-CRE UE 
(UE #1b in Figure 1)
	(2), 3
Pattern 2 may not be needed, but could be utilized for the same reasons as for pico CRE UE, i.e. to measure neighbour pico cells early
Pattern 3 is needed to utilize ABS properly: Already in Rel-10 there are test cases for non-CRE UEs during ABS. 

	Macro UE in pico CRE zone
(UE #5 in Figure 1)
	2, (3)
Pattern 2 is needed to enable measurements of pico cells. 
Pattern 3 may be used to avoid getting CSI feedback from ABS subframes

	Macro UE not in pico CRE zone
(UE #6 in Figure 1)
	(2), (3)
Pattern 2 may be used to avoid triggering eICIC according to pico cell proximity, since that may be difficult to estimate.

Pattern 3 may be used to avoid getting CSI feedback from ABS subframes.


As we can see, apart from macro UEs Hence, we can see that the receiver-based techniques can be used for all the listed use cases, which to our view the reason why feICIC assistance information should be provided for all the use cases. 
Observation 1: To realize the 9 dB CRE for feICIC, the CRS assistance information is needed for all use cases.

In the next sections, we briefly examine these cases more closely.

2.3
feICIC Assistance Information for Cell Search & Neighbour cell RRM measurements
For cell search, it was stated in the RAN1 LS [2] to RAN2 that

•
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

The Rel-10 signalling indicated in the LS refers to the PCI list supplied in the neighbour cell measurement pattern. For macro-pico, the typical cases for configuring the neighbour cell patterns would be the following:
Table 4. Use cases for neighbour cell measurement restrictions

	UE type
	Neighbour cell measurement pattern (i.e. Pattern 2) configured when

	Macro UE (i.e. UE with macro as serving cell)
	UE is in the vicinity of the pico cell or in the CRE zone: Neighbour cell measurements are done during ABS-protected subframes to find the pico cell early enough to benefit from CRE, or to be able to measure the pico accurately. 
Since the macro cell may not know when a UE is close to a pico cell, it is possible that the macro cell could configure all macro UEs to utilize measurement restrictions according to all neighbouring pico cell ids. Hence, it could even be that all macro UEs are configured with the neighbour cell measurement restrictions. 

	Pico UE (i.e. UE with pico as serving cell)
	UE is in the CRE zone: Since the CRE only affects the macro cell, with large CRE it is possible that the UE is approaching a stronger pico cell. To avoid unnecessary handovers (e.g. pico1-to-macro-to-pico2), the UE is configured with neighbour cell measurement restrictions according to neighbouring pico cell ids.
UE is not in CRE zone: The pico may be part of a pico cluster, i.e. densely deployed group of pico cells. In this case, it can be desirable that the UE finds the other pico cells as early as possible, and since all of the pico cells are interfered by macro, measurement restrictions are required.


Figure 2. Neighbour cell search: CRE UE #2 is in vicinity of another pico than serving pico cell
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Figure 2 illustrates an example case where a UE may be in the border are of two dominant macro interferers and close to another pico cell(‘s CRE zone). If the measurement restrictions are not used, the UE may have to first do a handover to the macro cell, and then to the other pico cell. 
Since the RRM measurements of neighbour cells benefit from CRS cancellation, the assistance information regarding the aggressor cells should be supplied for both of these cases.
2.4
feICIC Assistance information for Demodulation, RLM and CSI measurements  
When UE is connected to a pico cell and a macro cell is using eICIC with CRE for that pico cell, we have two situations: A non-CRE UE and a CRE UE. For the CRE UE, all patterns are needed (as discussed in Table 3). The situation from Figure 1 is simplified in Figure 3 below to show the difference between pico CRE and pico non-CRE UEs.

Figure 3. Pico CRE and non-CRE UE example
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2.5
Support of Rel-11 feICIC 
As we have seen from previous sections, the assistance information is useful in all the discussed use cases of feICIC. Hence, we think it should be mandatory to provide the assistance information in case a Rel-11 UE supporting feICIC is configured with feICIC. 

Proposal 1: Providing feICIC assistance information should be mandatory in Rel-11 when eICIC is configured.
3
Conclusion
We discussed the use cases for feICIC and made the following observations:
Observation 1: To realize the 9 dB CRE for feICIC, assistance information is needed for all use cases.
Based on these, we made the following proposals:

Proposal 1: Providing feICIC assistance information should be mandatory in Rel-11 when eICIC is configured.
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