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1. Introduction
In RAN2#75bis, the following agreements were reached on interfrequency RSRQ with measurement restrictions.
	Agreements
-
We will not define inter-frequency measurement subframe restrictions for macro-pico offloading or macro-femto scenarios.

-
If RAN4 identifies a problem regarding RSRQ accuracy for inter-frequency cases, we will attempt to find a solution.


In this contribution we consider further the measurement accuracy of RSRQ under the assumption that interfequency measurement subframe restrictions for macro-pico offloading or macro-femto scenarios are not necessary, in line with RAN2 agreements.
2. Discussion
RAN2 decided they will not define inter-frequency measurement subframe restrictions for macro-pico offloading or macro-femto scenarios. This means that it should not be necessary to define restricted mesurements for either a pico target cell in CRE, or a macro target cell in the vicinity of a femto intererer. Thus, the main issue is whether different RSRQ measurements may be obtained for a target cell which is not impacted by a dominant interferer, ie if there is an RSRQ accuracy issue as considered by RAN2.

In case the target cell being measured is making use of ABS, and not a victim of a dominant interferer (in line with RAN2 decision) then different RSRQ can be expected, depending on whether it is measured in ABS or non ABS subframes. RSRP is unaffected by whether the measurement is performed in an ABS of the target or not, but the RSSI is affected depending on measurement timing and whether it happens to be performed in ABS or non ABS subframes. There will be a lower RSSI if the measurement sampling happens to coincide with ABS activity on the target frequency.
2.1 Evaluation

This is the scenario which we evaluated, and for the purposes of evaluation, we consider only a macro network, which is making use of ABS to protect some pico cells. To simplify the simulation environment, the pico cells themselves were not simulated, and we investigate power differences at different positions when the macro network implements ABS. The powers used in different subframes are shown in table 1 and other simulation assumptions are given in table 2.
	Power in non ABS
	43dBm

	Power in ABS subframes
	35.22dBm

	ABS density
	1/8 and 2/8


Table 1: Assumptions on ABS and non ABS power
.

	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 19 sites with 3 sectors, ISD = 1732m. No pico cells were included.

	Network loading
	100% in non ABS subframes for all cells. ABS subframes contain CRS transmission only

	Propagation Model
	L= 128.1 + 37.6Log10(Rkm)

	BS antenna gain
	14dBi

	BS antenna pattern
	Macro cell:
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is defined as the angle between the direction of interest and the boresight of the antenna, 
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 is the 3dB beamwidth in degrees, and  Am is the maximum attenuation. Front-to-back ratio, Am, is set to 20dB. 
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	BS total TX power
	According to table 1. Two different network assumptions were used(i)  Entire macro network mutes in ABS and (ii) target cell only mutes in ABS



	UE antenna gain
	10dBi

	UE noise figure
	9dB

	Statistics logged
	RSRQ distributions for different measurement regimes

	Table 2 : Simulation assumptions




The power in ABS subframes is derived according to the assumption that only CRS are transmitted. Then, within the subframes used for RSSI measurement there are 8/48 CRS resource elements. Hence, assuming equal power setting between CRS and PDCCH/PDSCH resource elements and 100% load in the non-ABS subframes, the power difference is 10log10(8/48) = -7.78dB. In practice, any other necessary transmission such as SIB1 would reduce the power difference. The analysis can be considered as a likely worst case power difference between ABS and non ABS and in practical situations with less than 100% loading in the non ABS subframes the differences will be less significant. Results for 1/8 and 2/8 ABS patterns are provided in line with the assumptions used for other work in RAN4.
Two different network assumptions, and three different measurement regimes were investigated. For the network assumptions the cases were – case 1: The entire macro network mutes in ABS and case 2: target cell only mutes in ABS

For each of these cases, we evaluated three different measurement regimes – measurements of RSRQ in ABS subframes only, measurements of RSRQ in non ABS subframes only, and measurement of RSRQ in a mixture of ABS and non ABS subframes. For the mixed case, the UE is assumed to make measurements in both ABS and non ABS subframes with probability according to the ABS density (ie 7/8 probability of a non ABS measurement and 1/8 probability of an ABS measurement for the 1/8 pattern) and it is assumed to perform averaging of measurement samples obtained throughout the measurement period in the linear power domain. The simulation is performed at system level and the details of UE sampling are not directly simulated. Results of the evaluation are shown in figure 1.
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	Figure 1a : Results of the evaluation on intefrequency RSRQ when whole network mutes in ABS; 1/8 ABS pattern
	Figure 1b : Results of the evaluation on intefrequency RSRQ when only target cell mutes in ABS; 1/8 ABS pattern


Considering first the case where the whole macro network mutes, for the simple scenatio considered, the result could also have been easily obtained analytically. Under the assumption of global simultaneous muting and 100% loading in the non ABS subframes, the RSSI drops by 7.78dB independently of UE position. This is because both the target cell and all other cells are muted. Therefore the RSRQ measured in ABS is always 7.78dB higher than the RSRQ measured in non ABS, and similarly the average RSRQ is a fixed ~2.1dB higher than the RSRQ measured in non ABS (10log10(1/8)*100/10+(7/8)10-7.72/10=-5.67dB )
For the case where only the target cell is performing ABS muting, the RSRQ measured in ABS depends on the UE location within the target cell. Actually, if we consider the RSRQ measured in non ABS, this is independent of network muting assumption, because the measurements are only made when no ABS is active anywhere in the network. So the curves for RSRQ measured in non-ABS subframes are identical between figure 1a and figure 1b. For UE close to the centre of the target cell (upper part of figure 1b) the RSSI is dominated by the power transmitted by the target cell, and the same 7.78dB drop in ABS is mostly seen in the measurements. Hence the upper parts of all 3 curves in figure 1b are quite similar to those in figure 1a. On the other hand, for UE which are close to the edge of the target cell being measured, there is not such a big power drop in ABS, as the neighbour cells are not performing ABS at the same time for the results in figure 1b. Hence, there is less of a difference between the RSRQ measured in ABS and non ABS at the lower part of figure 1b, compared with the lower part of figure 1a. The results are largely aligned with those presented in [1] although a slightly different power difference between ABS and non ABS was considered.
Results for 2/8 pattern are given in figures 2a and 2b, with the main difference that the average RSRQ CDF moves to the right as the probability of measuring on an ABS increases from 1/8 to 1/4. In figure 2a, there is a 3.5dB offset between the non-ABS RSRQ and the average RSRQ.
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	Figure 2a : Results of the evaluation on intefrequency RSRQ when whole network mutes in ABS; 2/8 ABS pattern
	Figure 2b : Results of the evaluation on intefrequency RSRQ when only target cell mutes in ABS; 2/8 ABS pattern


It should be noted that the simulations performed give an indication of the order of magnitude difference between different RSRQ measurements but the assumptions are not entirely realistic, especially that the ABS contain no transmissions except CRS transmission. In reality, other transmissions such as SIBs in ABS will reduce the difference between ABS and non ABS RSRQ.

2.2 Considerations of the need for RSRQ modifications for interfrequency measurements in an eICIC environment

In evaluating whether there is an RSRQ accuracy issue, we note that nothing specific was done in these simulations as result of the evalation being peformed for interfrequency RSRQ. If intrafrequency RSRQ was evalutated for the serving macro cell under different measurement regiemes, and the macro cell had no time domain restriction (which is reasonable, because it is never the victim of an interferer) then very similar distributions would be obtained.
Now we consider which RSRQ is the nominal RSRQ in this environment. Clearly RSRQ for a taget cell measured only in ABS is not very useful. If the UE were to be handed over to that cell, it would typically be scheduled in non-ABS and the ABS-RSRQ does not represent the interference in that situation in any way. Following this reasoning, it could be argued that the non ABS-RSRQ is a beter quality metric for this scenario. However, there are a few reasons why the non ABS-RSRQ may not be the best metric to use either.
1) Assuming that interfrequency handover is performed to the target cell, this cell will become the serving cell. For the scenario considered, the new serving cell is not the victim of a dominant interferer, so there would be no motivation to configure an intrafrequency serving cell measurement restriction after the handover. Considering that consisitency of measurements before and after handover is extremely desirable, to avoid ping pongs, the average value offers more possibilities for consistency, assuming that if handover was triggered the new serving cell would be measured without restrictions.

2) In practice, the network has the option to schedule UE in an ABS, so the ABS RSRQ measurement samples may actually have some limited relevance.

The basic issue seen here is indeed not even limited to eICIC, or interfrequency measurements. Whenever RSRQ is measured in an environment where any cell has a time varying transmission power, the RSRQ measured will depend on the sampling instants chosen by the UE. In case a neighbour cell is partially loaded different RSRQ samples will also be obtained depending on exactly when the implementation has chosen to make the measurement and the various network loads at that instant. In any environment where interference varies with time we can therefore say that RSRQ as a metric which should predict the future typical radio quality that will be seen by a UE has more uncertainties than a constant interference environment. Technques such as additional L3 filtering can sometimes be appropriate for mitigating such problems. 
Given these considerations, we think that average RSRQ is therefore a relevant metric mobility purposes, and especially as it was introduced as a trigger for emergency handover after detection of an interferer in release 8.
2.3 Implementation considerations

In this section, we consider the relationship between measurement gaps and subframes on the target cell. It should be noted that a 6ms measurement gap may contain 4 complete subfames that can be measured if we assume 0.5ms switching times and arbitrary timing between the frequency layers – so even though the UE is receiving from the other frequency for at least 5ms, one subframe is partially lost due to the unsynchronised subframe boundaries.
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Figure 1 : Possible measurement subframes with 6ms gaps – unsyncronised case
If nothing special is assumed about what point in time the UE makes measurements of different within this set of 4 subframes, the implementation will experience both ABS and non ABS subframes. Hence it seems reasonable to conclude that the RSRQ that will be reported by the UE will nominally correspond to the average RSRQ seen in the evaluation of section 2.1.
2.4 Proposals

Based on the analysis in this contribution, we do not see a strong motivation for interfrequency measurement changes in FeICIC. Given that RAN2 decided not to define inter-frequency measurement subframe restrictions for macro-pico offloading or macro-femto scenarios, there is no need to consider cases where the target cell for interfrequency measurements is a victim of a dominant interferer. For other cells, there will naturally be a difference in RSRQ samples that are obtained in ABS or non ABS subframes, and hence the RSRQ reported by the UE depends on when it was measured. Nevertheless, the situation is not markedly different than for intrafrequency RSRQ measurements of cells without time domain restriction in an eICIC (or other time varying interference) environment. Indeed it seems more critical that UE are free to measure time domain unrestricted RSRQ in a consistent manner between intrafrequency and interfrequency meaurements, rather than to introduce special handling for the interfrequency case. Although measurement gaps provide some limitation to the times at which UE implementations can make interfrequency measurements, there is still sufficient flexibility for the UE to schedule CRS measurement at different target cell subframes within the gap. Hence we see no strong motivation to include interfrequency measurement changes as a part of FeICIC in release 11. 
Observation : Given the agreements from RAN2#75bis, RAN4 does not need to study time domain restricted RSRQ accuracy in the presence of a dominant interferer

Proposal : For unrestricted interfrequency RSRQ measurements no special procedures or requirements need to be introduced in FeICIC
3. Conclusions

In this contribution, we have evaluated the need for further work on interfrequency RSRQ as a part of FeICIC. Noting that RAN2 has already agreed not to define inter-frequency measurement subframe restrictions for macro-pico offloading or macro-femto scenarios, the analysis is focussed on unrestricted measurements.

We performed system simulations to evaluate RSRQ distributions where RSRQ is assumed to be measured in ABS subframes only, non ABS subframes only, and a mixture of ABS and non ABS. Two macro network ABS assumptions were considered – firstly where the whole macro network performs ABS at the same time, and secondly when only the target cell being measured performs an ABS.
Clearly, there is a different RSSI and hence RSRQ depending on the times which the UE chooses to make the measurements. However, the basic issue seen is not limited to eICIC, or interfrequency measurements. Whenever RSRQ is measured in an environment where any cell has a time varying transmission power, the RSRQ measured will depend on the sampling instants chosen by the UE. Especially as the issue is not seen critical for intrafrequency eICIC measurements, we think it is preferable that UEs are free to perfrom unresticted intra and interfrequency measurements in similar ways, rather than introducing special handling of interfrequency RSRQ in FeICIC environments. Based on this thinking, we see no strong motivation to introduce any special procedures or requirements for unrestricted RSRQ measurements as a part of release 11 FeICIC work.
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