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Discussion 

1. Introduction
This contribution considers aspects of RSRQ measurements for eICIC, especially related to the LS in [1]
2. Discussion on measurement of non-victim cells
This section considers the RSRQ measurement of non victim cells, such as the serving macro cell or the macro neighbour cell in figure 1. It relates to the RAN2 liaison statement in [1] which includes the following figure which is helpful to understand the various scenarios.
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Figure 1: Configuration of scenario considered by RAN2

Table 1 shows some considerations on the need or otherwise to use pattern 1 for the serving cell and pattern 2 for neighbour cells copied from [2]. It is clarified by RAN2 in [1] that the UE does not need to be able to work out the cells for which pattern 1 or 2 needs to be used; this should be configured using PCI ranges and management. Still, it can be seen that for “Measurement of neighbour cells that do not implement range extension” if there is no significant interference from the neighbour cell and it does not implement range extension then no resource restriction is needed. The same is true for the serving cell in the similar case.

	Meas. resource restriction
	Pattern 1
	Pattern 2

	Cell to be measured
	Serving cell measurement and RLM
	Measurement of neighbour cells that implement range extension
	Measurement of neighbour cells that do not implement range extension

	No significant interference from neighbour cell
	No resource restriction needed
	Serving cell’s ABS
	No resource restriction needed

	Significant interference from neighbour cell
	Interferer’s ABS
	Interferer’s ABS
	Interferer’s ABS


Table 1: Pattern 2 measurement restrictions proposed by some companies in [2]
The situation which some companies are worried about in RAN2 is the measurement of certain neighbours, which we will refer to as “no restriction” neighbours. In this case the UE may need to make a mixture of “no restriction” neighbours, for example the macro cell at the right of figure 1 and at the same time the UE will be configured to measure “restricted” neighbours such as the pico cells. Since the UE isn’t fundamentally precluded from measuring the “no restriction” cell within ABS, it could happen either by chance or intentionally that many of the “no restriction” measurement samples are made in ABS.

To evaluate the situation in more detail, we performed some basic pathloss analysis in which theoretical RSRQ is evaluated using different kinds of RSSI averaging. The basic scenario and coordinate system is shown in figure 2
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Figure 2: Basic scenario evaluated
Pathloss for each cell is evaluated according to 
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It should be noted that this simple pathloss analysis does not consider fading effects or antenna radiation pattern 
Cell 1 is assumed to use an ABS pattern when serving UE, and was characterised by the following parameters

	
	
	

	Power in non ABS
	43dBm

	Power in ABS subframes
	35.22dBm

	ABS density
	0.125


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.
The ABS density is based on the lowest density pattern used for RAN4 evaluation.

First we consider the case that cell 2 is a pico cell with 20dBm transmit power, and illustrate the operation of range extension as far as RSRQ is concerned. The cell spacing, d, was chosen so that the pico cell is 700m for the macro cell, and theoretical average RSRQ (based on pathloss only) is plotted for different UE positions, x using different assumptions on measurement restrictions.
Figure 1 shows the result of RSRQ with measurements averaged over all subframes, and thus not assuming use of eICIC measurement restrictions. As the UE moves away from the macro cell (cell 1) it enters the hotspot coverage so that at around x=550m from the macro cell, the hotspot RSRQ (and RSRP) is better and possible handover to the hotspot would be indicated by the measurements (depending on the value of hysteresis is used). At around x=900m, the UE leaves coverage of the hotspot and would need to be handed off back to cell 1. As expected, there is a macro coverage hole in the vicinity of the hotspot.
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Figure 3 : Macro – pico scenario without eICIC restricted measurements
Considering possible TDM eICIC cell range extension, cell 2 should be measured in the ABS of cell 1 according to the principles in table 1. This modifies the RSRQ trace as shown in figure 4. As the RSRQ of cell 2 is measured in ABS, the RSSI component is lower due to the lower interference from cell1 that is experienced in these subframes. This can be seen to increase the RSRQ of cell 2 somewhat, as expected. Note that in these evaluations there is no consideration of the baseline UE receiver performance as only measurements based on pathloss are considered. Hence the results do not in themselves indicate that the pico cell is usable in the range extension region, but rather, that the RSRQ for the pico cell is better than the macro cell, based on the restricted measurements. Our view, which is covered in more detail in section 3 is that intrafrequency handover (event A3) for cell range extension should always be triggered by RSRP with an appropriate offset and hence it is mainly absolute value of RSRQ that is important, noting that a low RSRQ is likely to be used to trigger emergency interfrequency or interRAT handover.
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Figure 4 : Macro – pico scenario with eICIC restricted measurements of cell 2 according to the ABS pattern of cell 1
In the next evaluation, we consider the case that measurement restrictions are additionally applied on cell 1. Although the signalled pattern applies to cell 2, perhaps by chance the implementation is aligning its measurements of cell 1 with ABS (e.g. if implementation has a 40ms periodicity in its cell 1 measurement sampling and happens to measure always on the ABS of cell 1)

[image: image6.png]RSRQ(dB)

-10

-15

200

400 600 800

1000

1200

Distance from cell 1 {metres)

——Cell 1

——Cell2





Figure 5 : Macro – pico scenario with eICIC restricted measurements of cell 1 and cell2 according to the ABS pattern of cell 1
In this case, essentially the serving cell (cell 1) and pico cell are measured according to the same restriction and hence the RSSI/interference for both cells is the same. This very significantly increases the RSRQ of cell 1, especially when the UE is not in the vicinity of cell 2.Essentially, for the scenario evaluated, close to cell 1 and measuring only in ABS, all of the RSSI consists of CRS power and the RSRQ becomes close to 0dB.
A quite similar case occurs for absolute measurements of neighbour macro cells RSRQ. For this evaluation, cell 2 was reconfigured as a 43dBm macro cell and intersite distance, d was increased to 1732m. The first evaluation was performed without any measurement restrictions and is shown in figure 6. In this configuration, the RSRQ becomes equal at around 860m, half way between the two cells and at the same point that an RSRP triggered handover would occur.
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Figure 6 : Macro – macro scneario without eICIC restricted measurements
Next we consider what would happen if the UE applied measurement restriction to the RSRQ measurement of neighbour cell 2. In general, this triggers increases the RSRQ of cell 2 even though no interference coordination techniques are in use between cell 1 and cell 2. This is because the measurements of RSSI relating to cell 2 are (perhaps by chance) being performed in the low interference subframes of cell 1, and hence an overly optimistic impression of the quality of cell 2 would be obtained. 
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Figure 6 : Macro – macro scneario with eICIC restricted measurements on cell 2

Figure 7 illustrates the difference between RSRQ measurements of cell 2 made only in the ABS of cell 1 and RSRQ measurements made without restriction. At the point where RSRP triggered handover might be expected (around 860m) the RSRQ difference bewteen the different cell 2 measurement methodologies is 2.2dB. It should be noted that the scenario evaluated maximises the difference between the two different meaurement regimes and can be regared as something of  a worst case because
· Load in ABS is minimised, ie only CRS are assumed to be present without any other possibly necessary transmission

· Load in non ABS is assumed to be 100%

From these results we observe that although there can be quite large bias in RSRQ, the effect is typically less at the edge of a cell using ABS patterns, because the influence of that cell in overall RSSI is becoming less at this point.
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Figure 7 : Difference in cell 2 RSRQ for measurements in ABS and measurements in non ABS
The results so far have illustrated in more detail the possible issue reffered to in [1]. In short, if the target cell of the measurement is not a victim of any interference, then its demodulation performance cannot benefit from TDM eICIC and the metrics of interest are the average ones in the interference domain. In the next sections, we consider further to what extent this is a problem, and what solutions could be considered.
3. Intrafrequency mobility – RSRP or RSRQ?
In this section, we consider  only mobility to a pico hotspot, first assuming that we attempt to use RSRQ to automatically account for CRE via measurement restrictions – ie when a protected pico cell is measured in restricted measurement occassions, its RSRQ should look better.

In figure 8, we present a trace of two candidate handover trigger metrics for event A3 based on RSRQ. Both handover metrics show (RSRQ2-RSRQ1) so intrafreqency handover to cell 2 should be triggered, for example, whenever the used handover metric is positive. The difference between the two handover metrics is that metric 1 uses no restriction in measurements; in metric 2 the target pico cell is measured in the ABS of cell 1.
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Figure 8 : Two possible RSRQ based handover metrics for event A3
In figure 9, we provide a zoomed view, to investigate the potential for using handover metric 2 as a metric for enabling CRE
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Figure 9 : Two possible RSRQ based handover metrics for event A3 – zoomed view

It can be seen that at the point where RSRQ metric 1 would trigger a handover (without hysteresis) RSRQ metric 2 is about 2dB larger. In turn, this implies that for CRE to work reliably, the relative accuracies of the intrafrequency RSRQ measurements should be at least of this order, and ideally better. However, as discussed in [3] there are accuracy challenges in relative accuracy of intrafrequency measurements made at different times. In addition, this is a rather simplistic analysis and in practice short term load fluctuations in either cell 1 or cell 2 or fading would be seen as addiional uncertainty in the measurements. Moreover, if it is assumed that some hysteresis to avoid ping pong is needed then the difference between the two metrics becomes even less.
Next we consider candidate RSRP metrics. For this analysis, RSRP metric 1 is just the difference between the RSRP of cell 2 and cell 1, and RSRP metric 2 is the difference between the RSRP of cell 2 and cell 1 + 8dB offset. Feasibility of a handover with 8dB CRE offset would still need to be checked, but appears to be in a feasible level of range extension, considering the link level results in [4].
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Figure 10 : Two possible RSRP based handover metrics for event A3
By comparing the results in figure 10 with the same results for RSRQ based handover in figure 8, we note first that there is signficantly more potential range extension indicated by the RSRP meric. Additionally, the difference between the non CRE RSRP metric (metric 1) and the CRE enabled RSRP metric is always a fixed 8dB.

Based on these results it would appear that RSRQ triggered intrafrequency is not a metric which is automatically aware of CRE, even if the appropriate measurement restrictions are configured. Most likely a similar level of CRE could be obtained with the RSRQ metric, but an appropriate offset would still need to be used – ie the network would need to be willing to perform handover of a UE to an intrafrequency target pico cell with worse RSRQ than the serving cell. The size of this offsets should depend on the load of the pico cell, since the basic issue is that RSRQ is not a direct measurement of the SINR of the target pico cell, and the RSSI also includes power transmitted by the target cell which would not be interference in the event that the UE were handed over.
In this sense then, our initial analysis would be that there appears to be little or no benefit of intrafrequency RSRQ triggered handover over RSRP triggered handover, even when CRE and measurement restrictions are taken into account, since offsetting is still required to operate cell range extension. Indeed it its likely to be challenging to provide a stable RSRQ intrafrequency handover with hysteresis when there are load fluctuations and practical UE implementation considerations in relative accuracy of measuring RSRQ samples at different occasions is considered. For this reason, we recommend that for the purposes of defining performance requirements, CRE intrafrequency handovers are assumed to be performed based on RSRP similarly to other intrafrequency handovers in release 8 with the addition of an appropriate offset, As will be disussed in the next section, this already avoids some of the issues that would otherwise arise in this area. 

Nevertheless, we note that RSRQ measurements can still be used to trigger other measurement events, for example emergency interfrequency/interRAT handover and the appropriate RSRQ for that purpose in a time varying interference environment still needs to be consided.
4. Solutions

Typically, without eICIC, RSRQ would not be used for intra-frequency mobility since the ranking of average RSRQ of cells on the same frequency layer should be exactly the same as average RSRP. For handover cases where there is no interference coordination there is also no obvious reason for using RSRQ as a handover metric within the frequency layer. As explained in section 3, it does not appear to be a very reliable metric for pico cell range extension either. Hence we would consider that it would be better to use RSRP as a metric for handover between all intrafrequency network elements, especially if one of the nodes is using ABS in its transmissions. This means that the handover should be done in the same way as the legacy rel8/9 handover, but with appropriate offsets.
Proposal 1 : Intrafrequency Handover can be assumed to be based on RSRP regardless of the use of ABS subframes.

This solves the problem of neighbour cell measurements, since measuring RSRP accidentally in ABS when no restriction has been configured will not bias the RSRP measurement and neighbour measurements will not be needed to trigger absolute events like RSRQ emergency handover – for that case, the serving cell is important.Now we consider the case of measurements of the serving cell. As we have seen, ABS measurements can make a very significant difference to the absolute RSRQ and it seems important that UE do not accidentally follow some restricted pattern in their serving cell measurements when one has not been configured. For this case, there seem to be two basic approaches in [1]. Some companies favour explicitly signalling an additional measurement resource restriction while other companies believe that UE averaging is sufficient to ensure that the RSRQ result when no restriction is indicated consists of a mixture of ABS and non ABS subframe measurements.

Thus, the most important issue seems to be whether there is a risk that the serving cell RSRQ is measured in (only) ABS subframes or whether it can be assumed that UE averaging is sufficient. In this context, we would note that for this case the serving cell cannot schedule the UE in an ABS subframe (since that would violate the definition of ABS subframe). Hence there should be many occasions when the UE is monitoring the serving cell that are not ABS, and if DRX has been configured then it is likely that measurements made at wakeup time will be of non ABS subframes anyway. 

For this reason, we think that the UE should typically have many opportunities when it could measure the serving cell in non ABS (when it is scheduled or awake in DRX) and it is worth perusing solutions where UE averaging is used for measurements of the serving cell, rather than having the additional complexity of signalling additional measurement restrictions. In general, measurement restrictions are undesirable when it comes to optimising aspects such as UE power consumption. On the other hand, the results in this contribution do indicate a need for some care that the UE RSRQ measurements of the serving cell do not accidentally end up in serving cell ABS. Various means could be used in implementation to ensure that this is unlikely, for example not using a periodicity of exactly 40ms in the measurement sampling. If DRX is configured, it would appear to be likely to be safe to measure the serving cell at the DRX wake up time, since the eNB should not configure DRX such that the UE wakes up in an ABS and cannot be scheduled.
To address this aspect, RAN4 could develop requirements for RSRQ absolute accuracy of the serving cell with time varying interference which ensure that the serving cell is an average between the RSRQ in ABS frames and the RSRQ in non-ABS frames, i.e. it reflects average interference conditions of the serving cell.

Proposal  2 : Remaining concerns on measurement of the serving cell when no restriction has been indicated in only ABS frames could be addressed by a RAN4 requirement and appropriate consideration in UE implementation.
5. Inter-frequency aspects

RAN2 also mentions the relationship between measurement gaps and measurement restrictions. Firstly, it should be noted that a 6ms measurement gap may only contain 4 subfames that can be measured if we assume 0.5ms switching times and arbitrary timing between the frequency layers. Since the RF switching time is unknown, it would be very difficult for the eNB to facilitate more that 4 subframes, even though there is a very theoretical case (with exactly 0.5ms timing offset) where 5 subframes could be measured.




Figure 7 : Possible measurement subframes with 6ms gaps – unsyncronised case

Figure 7 : Possible measurement subframes with 6ms gaps – syncronised with 0.5ms offset – this is probably not practical since UE switching times may not be symmetric
At any rate, there are restrictions on which subframes can be measured by UE coming from the measurement gap pattern, in addition to any signalled pattern which might be indicated for TDM eICIC and this further complicates the situation. We also note that UE may well reschedule its inter-frequency measurements out with gaps when >40ms DRX is ongoing.

Based on this discussion, we think that there may be difficulties to the eNB in ensuring that measurement gaps are correctly timed to allow the UE to make measurements on restricted subframes. For example, with 1/8 measurement pattern, there is  a probability of 50% that the restricted subframe falls outside the gap – unless the interfrequency eNB makes some special efforts to configure the gap timing. Such coordination of gaps and measurement restrictions across frequency layers seems more complicated, especially as UE may share gap usage to measure multiple frequency layers in an implementation specific way and different frequency layers may require different measurement restrictions.

Considering that there may be some complications with aligning the measurement gaps with TDM measurement opportunities we consider the implications of RSRQ measurements without any restriction for different cases to understand how severe this would be for release 10 eICIC.
· If the target cell is a macro cell without measurement restrictions then in principle there is no problem, although there is a possibility that the mechanism described in section 2 may occur to some extent , although if desired this can perhaps be avoided by ensuring that ABS of the target cell do not fall within the measurement gaps (this would be up to eNB implementation, and as noted could be complicated especially for measurements of multiple frequencies simultaneously)
· If the target cell is a macro cell with measurement restrictions (due e.g. to deployed femto cells) then a pessimistic RSRQ would be obtained, for example within the coverage of a femto cell to which the UE does not have access. The macro cell may be more usable than is indicated by the RSRQ

· If the target cell is a femto cell to which the UE does have access then there should not be a very significant problem. Since there is no intention to do range extension with TDM eICIC for femto cells, the UE which has access to the femto cell should be able to hand over to it as normal.

· Finally, if the target cell is a pico cell, and the UE is in the range extension area (i.e. could get service from the pico cell) the RSRQ of the pico cell would be pessimistic if it is not measured according to ABS restriction.
Hence we can see that the main implications of not having  measurement restrictions for interfrequency measurements are

· Macro RSRQ may be pessimistic in the vicinity of  a femto cell

· Users may not be able to make an interfrequency handover to a pico cell in the range extension area.

Note that for these cases, the user is most likely in coverage on the current serving frequency. Interfrequency handover to a pico cell for traffic offloading purposes is anyway somewhat problematic since there is no obvious mechanism to trigger the gaps so the precise triggering of an inter-frequency  handover into the cell range extension region of a pico cell could perhaps be considered as an optimisation rather than an essential part of release 10. 
Pessimistic interfrequency macro RSRQ in the vicinity of a femto cell is only a major problem if simultaneously the UE is running out of coverage on the serving frequency. In this situation the UE will either manage to complete the handover (because the serving frequency RSRQ has become even worse), or there could be a dropped call. In the successful case, there will not be ping-pong because the intrafrequency RSRQ will be better than the RSRQ appeared prior to handover. Both the successful and unsuccessful cases are fairly unlikely to occur in practice since they depend on the UE running out of coverage on one frequency layer exactly in the vicinity of a femto cell on the other frequency.

There would also be some limitations on performing interfrequency handover for load balancing in the vicinity of femto cells.

Although there are restrictions arising from not using an eICIC pattern for interfrequency measurements in release 10, in view of the limited time available and the likely complications in coordinating measurement gaps across frequency layers we would propose that eICIC interfrequency measurement restrictions are treated as a lower priority than intrafrequency measurement restrictions.

Proposal 3 eICIC work in RAN4 should prioritise intra-frequency measurement requirements with restrictions over inter-frequency measurements with restrictions.
In all likelihood this means that interfrequency and interRAT measurement restrictions would not be addressed in release 10, since there are only a few more meeting cycles to complete the work. Hence, a possible approach would with this prioritisation would be to review again the need for further enhancements on the mobility between different frequency layers and RATs in a more eICIC aware manner in future releases. In our view this should not cause ping pong between frequencies or RATs, or prevent the potential gain of eICIC within a deployed carrier in release 10.
6. Conclusions

This contribution has considered RSRQ measurements for eICIC especially related to the issues raised in [1]. This leads to the following proposals:
Proposal 1 : Intrafrequency Handover can be assumed to be based on RSRP regardless of the use of ABS subframes.

Proposal  2 : Remaining concerns on measurement of the serving cell when no restriction has been indicated in only ABS frames could be addressed by a RAN4 requirement and appropriate consideration in UE implementation.

Proposal 3 eICIC work in RAN4 should prioritise intra-frequency measurement requirements with restrictions over inter-frequency measurements with restrictions.
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