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Discussion
1. Introduction
In RAN2#72, the following were agreed in regards to RRM/RLM measurement resource restriction patterns. 
Pattern1:

1) Will signal one pattern to the UE for RLM/RRM measurements on the serving

Pattern(s)2:

2) Will have at least one pattern to the UE for neighbouring cell RRM measurements

3) FFS whether a PCI range linked to this one pattern; details of PCI signalling

Pattern(s)3:

4) Will have separate signalling for patterns relevant for CQI
In this contribution we specifically discuss RSRQ measurement resource restriction configurations for macro cells. According to Table 1 in [1], it has been proposed that macro’s ABS is never considered when a macro cell is to be measured. The five cases that are related to macro cell measurements are highlighted with underlines. It can be seen that either no resource restriction is configured or only interfering femtocell’s ABS is configured. 
	Meas. resource restriction
	Pattern 1
	Pattern 2

	Cell types
	Serving cell measurement and RLM
	Measurement of neighbour macros
	Measurement of neighbour picos
	Measurement of neighbour femtos

	Case 1) PUE
	Subset of Macro’s ABS
a) in section 2.1
	No resource restriction
	Subset of Macro’s ABS (*1)
	No resource restriction

	Case 2) MUE out of femto’s coverage (free from femto’s interference)
	No resource restriction needed
	No resource restriction
	Subset of Macro’s ABS
b) in section 2.1 
	No resource restriction

	Case 3) MUE in femto’s coverage (Subject to interference from femto) 
	Subset of Femto’s ABS
c) in section 2.1
	Subset of Femto’s ABS (*2)
	Subset of Femto’s ABS (*3)
	No resource restriction


We point out that not taking into account of macro cell ABS pattern can lead to unpredictable values for the measurements depending on whether the subframes that were actually used by the UE were in the ABS of the serving or the interfering macro cells. We thus propose that appropriate measurement restrictions should be imposed taking into account the ABS of the serving or the interfering macro cells.
2. Using RSRQ measurements for handover 
According to [2], Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where Reference Signal Received Power (RSRP) is the linear average over the power contributions of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth, Received Signal Strength Indicator (RSSI) is an all-inclusive metric which is the linear average of the total received power from all sources (serving cell, non-serving cells as well as thermal noise) in the measurement bandwidth per OFDM symbol
, and N is the number of RB’s of the E-UTRA carrier measurement bandwidth.
Different from RSRP which is an indication of cell strength, RSRQ is used to depict cell quality. As a cell of very good RSRP may actually have poor quality if it is in a carrier of large RSSI, it is generally preferable to use RSRQ rather than RSRP to compare cells from different carriers or different RATs.
3. RSRQ measurements and resource restriction patterns 
Due to the introduction of the Almost Blank Sub-frames (ABS) as part of the time domain eICIC scheme, interference for every UE could change significantly from sub-frame to sub-frame. Thus it is crucial that appropriate measurement resource restriction patterns are adopted so that RLM/RRM measurements are made only within a designated subset of subframes that can truly reflect channel quality. Bearing this in mind, it is important that the following condition is satisfied when we construct the restriction patterns:

1. The subframes in the designated subset for a restriction pattern should have similar interference characteristics so that measurement outcomes won’t change significantly from one subframe to another.

Since the UE has the freedom to pick any subframe within the subset to make RSRQ measurements, if the condition above is not satisfied, the measurement reports from UEs made by different vendors could still have large variations even if a restrictive subset is configured, which would nullify the effect of measurement restriction configurations.     

Let’s consider an example to show the impacts on RSRQ measurements when no resource restriction pattern is applied. In the scenario, the following assumptions are made:
1. No DL power control is adopted. All scheduled REs have the same power density.

2. The interference of a UE mainly comes from K nearby macro cells. An example is given in Fig. 1 with K equal to 6: a MUE served by macro cell 0 only gets interference from macro cells 1, 2, 3, 4, 5, 6. 


[image: image1]
Figure 1  Dominant interfering cells for a MUE in cell 0
3. The serving cell and the K interfering cells are fully loaded in non-ABS subframes (i.e. all PRBs are fully utilized). The MUE happens to be located at a spot where the received serving cell power equals the sum of the received interfering cell power in a non-ABS for both the serving cell and the K interfering cells.
4. Thermal noise and interference from cells other than the dominant interferers are assumed to be negligible compared to the interference from the dominant interferers. 

5. A common ABS subset and a common non-ABS subset are used by all K interfering cells. 

6. The intersection of cell 0 non-ABS subset and the common non-ABS subset for the K interfering cells is of adequate size.
Under these assumptions, there are five RSRQ measurement outcomes for the serving cell 0
1. If masurements are made at subframes that are non-ABS of cell 0, and non-ABS of each of the interfering cells: 

The corresponding RSRQ is calculated to be 
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In the expression above, Psr, Psd, Pir and Pid stand for received serving cell reference signal power per RE, received serving cell data signal power per RE, received interfering cell reference signal power per RE and received interfering cell data signal power per RE respectively.

2. If masurements are made at subframes that are ABS of cell 0, and non-ABS of each of the interfering cells.

The corresponding RSRQ is calculated to be 
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3. If masurements are made at subframes that are non-ABS of cell 0, and ABS of each of the interfering cells.

The corresponding RSRQ is calculated to be 
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4. If masurements are made at subframes that are ABS of cell 0, and ABS of each of the interfering cells. 

The corresponding RSRQ is calculated to be 
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5. For remaining cases, the corresponding RSRQ will be between ¼ and 1/24. 
It can be observed from the above analysis that RSRQ variation could be as large as 
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= 8dB. Such a large variation should not be allowed and we need to restrict RSRQ measurements for macro cells on subsets that can minimize variations. Two examples to show the impacts on handover performace when no resource restriction pattern is applied are provided below:
Example 1: Assuming that two carriers A and B have the same ABS configurations for the macro cells (e.g. sf0-4 are ABS, sf5-9 are non-ABS), a UE might make RSRQ measurements of its serving carrier A in sf5-9 but make RSRQ measurements of the other carrier B in sf 0-4. The UE may handover to the carrier B as B is measured with up to +8dB bias. Once the UE move to carrier B, it will measure carrier A in ABS and B in non-ABS, thus the RSRQ of A will be boosted up by 8dB and the RSRQ of B will go down by 8dB, which could trigger another handover. Such a situation that a UE always measures its serving cell in non-ABS while measures its inter-frequency neighboring cell in ABS should be avoided. 
Example 2: In an area with high density cell deployment, the received signal quality at some spot can be low even if the received signal strength is high for every surrounding cell. When a UE moves into such a spot, accurate (not overly optimistic) RSRQ measurement is crucial to allow this UE to perform an inter-freq handover. If the UE makes RSRQ measurement only in ABS subframes, it may never observe low RSRP or RSRQ values, thus it could lose its connection even before triggering the measurement gap for interfrequency measurement.    
4. Conclusion
We propose that an appropriate RSRQ measurement restriction for macro cells should be imposed.
Proposal 1: RSRQ measurement restrictions are needed for macro-cell measurements if the serving and/or interfering macros uses ABS
Proposal 2: Macro cell ABS pattern needs to be considered when configuring macro-cell RSRQ measurement restriction patterns 
Alternatively, we can require UE to perform macro cell RSRQ measurement in a pseudo-random manner (i.e. do not make measurements only on fixed subframe numbers) to avoid extreme cases (such as case 4).  .
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� Only OFDM symbols that contain reference symbols for antenna port 0 are considered.
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