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1 Introduction

High-level agreements on FeICIC were made in RAN4#64, e.g., regarding the number of cells to be modelled for cell detection and RRM/RLM requirements for FeICIC. In this contribution, we address some of the open issues such as cell PCIs and synchronization signals combinations for link-level cell identification studies.
2 Scenarios with Colliding and Non-Colliding CRS
In frame-aligned scenarios, which are the worst case from the interference point view, PSS/SSS of an aggressor cell always collides with PSS/SSS of the measured cell. However, cell identification also includes performing and reporting a measurement on CRS which may or may not have the same subcarrier shift. Therefore, it is important to identify typical CRS collision scenarios. Findings from such a study have been presented in [1].

In [1], the set of aggressor cells was selected based on PSS/SSS and the 2 strongest aggressor cells (Cell 1 and Cell 2) were selected for each UE. For simplicity, we assume the same number of CRS antenna ports in the aggressor and in the measured cell. Further, Cell 1 is assumed to be stronger than Cell 2. The following scenarios may theoretically occur with respect to CRS of the measured Cell 0:
· None of Cell 1 and Cell 2 collide with CRS of Cell 0 (=> the interference is from data channels),
· Only one aggressor cell collides with CRS of Cell 0,

· Cell 1 collides with CRS of Cell 0 but not Cell 2,

· Cell 2 collides with CRS of Cell 0 but not Cell 1,

· Both of Cell 1 and Cell 2 collide with CRS of Cell 0.

Figure 1 illustrates the statistics for the scenarios above for two CRS antenna ports (for one CRS antenna port, the collision probabilities reduce e.g. by a factor of 2). According to [1], the scenario with the first aggressor cell (Cell 1) colliding with CRS of Cell 0 is the most common scenario. All results are summarized in Table 1.
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Figure 1. Joint probability of colliding or non-colliding CRS in scenarios with two aggressor cells (Cell 1 and Cell 2), two CRS antenna ports.
Table 1. Summary on colliding CRS scenarios
	Scenario
	Scenario probability1,2
	Relevance for performance of:

	
	
	Cell identification
	RSRP, RSRQ,

UE Rx-Tx
	RLM
	SCI
	Demodulation

	No colliding aggressors
	39%
	yes
	―
	―
	yes
	yes

	1 colliding aggressor
	
	
	
	
	
	

	Cell 1 is colliding
	32%
	yes
	yes
	yes
	yes
	yes

	Cell 2 is colliding
	20%
	yes
	yes
	yes
	yes
	yes

	2 colliding aggressors
	2%
	yes
	yes
	yes
	yes
	yes

	NOTE 1:    With one CRS antenna port, the collision probabilities reduce by a factor of ~2, whilst the probability of scenarios with no colliding-CRS aggressor cells approaches 80%.
NOTE 2:    The remaining 7% of scenarios, which mainly occur with only Cell 2 colliding, are not included in the column since Cell 2 is a pico cell.


Based on the above, the following is proposed:
· Proposal 1: Scenarios with one colliding aggressor cell are considered for all RRM/RLM requirements.
· Proposal 2: The strongest aggressor cell (Cell 1) and the measured cell (Cell 0) have colliding CRS.
3 On Synchronization Sequence Selection
In addition to identifying CRS collision scenarios, PCIs and SSS sequences need to be also selected for cell identification studies. These parameters cannot be reused from earlier RAN4 studies where only one interfering cell was assumed. In this section, we analyze the sets of PCIs and synchronization signal sequences which are suitable for defining the minimum requirements in scenarios with 2 aggressor cells.
When the signals from several cells are received at unequal strengths and the signals overlap, the SSS detection may result in erroneous cell group detections which will lead to that a phantom cell is determined instead of the true target cell. When the cell search algorithm is searching for a new cell and the strongest interfering cells are identified, it is the combination of the interfering cell and the target cell that may cause the cell search result be a phantom cell which in turn will cause problems for the UE in finding the target cell. The sets of phantom cells may be derived by studying the sequence cross-correlation properties.
There are 504 unique PCIs. The PCIs are grouped into 168 unique physical-layer cell-identity groups (a number 
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) gives a good protection, so significant phantom cells are primarily identified within the same cell-within-group identity. Thus, the phantom cells can be generated based on the cross-correlation between the SSSs, i.e., based on
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, respectively, and their respective cell group identities [36.211]. When studying these cross-correlations, certain combinations of cell group identities create a “phantom” cell with high correlation which will delay the detection of the target cell.

For example, a cell with 
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. Furthermore the CRS subcarrier offset of these cells is also the same, which implies also high interference on CRS. Hence, for this combination, the phantom cell will interfere with the signal of the target cell which creates a risk of that a phantom cell is found instead of the target cell. In addition, due to the colliding CRS, the reception performance of the CRS in the validation of the detected cell will also be degraded.
Furthermore the cell with 
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 has also similar properties, which will further degrade the detection probability of the target cell.

On should also note that when interference cancellation of the interfering cell is done in order to find the weak cells, there is also a risk that this will degrade the SSS signal level of the target cell due to the correlation between the cells.

Based on the observations made above, the sequences proposed for link-level cell identification studies are summarized in Table 2.
Table 2: Proposed SSS sequences for link-level studies
	case #
	Cell 0
(Target cell)
	Cell 1

(Strongest interferer) 
	Cell 2
(Weaker interferer)

	 1
	psc3
	ssc1a, ssc1b
	PCI=17
	psc3
	ssc2a, ssc1b
	PCI=269
	psc1
	ssc2a, ssc1b
	PCI=268

	2
	psc3
	ssc1a, ssc1b
	PCI=17
	psc3
	ssc3a, ssc1b
	PCI=347
	psc2
	ssc1a, ssc1b
	PCI=15

	3
	psc1
	ssc1a, ssc2b
	PCI=106
	psc1
	ssc4a, ssc2b
	PCI=190
	psc2
	ssc3a, ssc2b
	PCI=423

	4
	psc3
	ssc1a, ssc2b
	PCI=107
	psc3
	ssc3a, ssc2b
	PCI=425
	psc3
	ssc3a, ssc1b
	PCI=347


Table 3: Proposed PSS, SSS indices for link-level studies
	Label
	Code index
	Cell group index

	psc1
	29
	-

	psc2
	25
	-

	psc3
	34
	-

	(ssc1a, ssc1b)
	(5, 6)
	5

	(ssc2a, ssc1b)
	(2 6)
	89

	(ssc3a, ssc1b)
	(1,6)
	115

	(ssc1a, ssc2b)
	(5,7)
	35

	(ssc4a, ssc2b)
	(4,7)
	63

	(ssc3a, ssc2b)
	(1,7)
	141


4 Summary
Based on the discussion and the scenarios analysis, the following has been proposed:
· Proposal 1: Scenarios with one colliding aggressor cell are considered for all RRM/RLM requirements.

· Proposal 2: The strongest aggressor cell (Cell 1) and the measured cell (Cell 0) have colliding CRS.
· Proposal 3: Combinations of PCIs, PSS and SSS as in Tables 2 and 3 are used in cell identification link-level studies.
Link-level simulation assumptions for cell identification based on the Proposals 1-3 are summarized in [2].
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