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1 Introduction
The current definition of RSRQ assumes that the RSSI part is measured only from CRS symbols in the subframes where the RSRP is measured. In earlier RAN4 meetings, there has been discussion on a new RSRQ metric, which is based on measuring the RSSI from all symbols in the subframes where the RSRP is measured.
Link level results illustrating the measured RSRQ using the existing and new RSRQ metric were discussed in earlier RAN4 meetings and in previous meeting it was agreed that also the system level impact of changing the existing RSRQ definition should be analyzed.

In this paper, we look at the system level impact of changing the RSRQ definition. We have analyzed the impact in both a macro-macro inter-frequency scenario as well as a macro-pico inter-frequency scenario.
2 Existing vs New RSRQ definition
In several contributions has been showing link level results comparing RSRQ results using the existing and the new RSRQ metric. Based on the simulation results some companies] claims that there is no significant impact while other discussed how a new definition of RSRQ might have impact and system level impact would need to be analysed before any conclusion can be drawn. Some companies does not see a need for new definition of RSRQ while some see that it might be useful.

In this paper we present our system level simulation results where we have performed simulations according to description in appendix A. We have analysed two cases:

1) Macro-Macro inter-frequency case

2) Macro-Pico inter-frequency case

In both cases we have used load levels between 0% and 100%, two sets of HO parameter setting (aggressive and conservative) and looked at the system level impact on handover, RLF, ping-pongs and TP. Detailed setup is in appendix A.
Before going into looking at the results it might be worth highlighting the actual main difference between existing RSRQ measurement definition and the proposed RSRQ measurement definition:

· Existing RSRQ measurement definition is based on RSSI measured in same OFDM symbols containing the CRS symbols used for RSRP and measured over same BW as used for RSRP
· Proposed new RSRQ measurement definition is based on RSSI measured in all OFDM symbols in the subframe(s) used for RSRP measurement and measured over the same BW as used for RSRP.

From the definition alone it can be seen that the difference between the two metrics will be most visible when the load is low due to higher impact from CRS contribution in the existing RSRQ definition. 

2.1 Inter-frequency system simulation results
Following we present our system level simulation results carried out in a fully dynamic system simulator. We have looked at the scenarios described in former section. In order to evaluate the possible system level impact of changing the RSRQ definition we look at some of the most important KPI’s such as HO’s, HOF’s, RLF’s and ping-pong rates. Additionally we have also traced the offloading and TP.

We have looked at two cases where the main difference is that the measured inter-frequency layer is macro layer while in the other case it contains small cells.

2.1.1 Macro-Macro Inter-frequency results

We will first look at the results from the macro-macro inter-frequency case. When looking at the actually measured RSRQ in Figure 1, we observe that there is difference between the measured RSRQ depending on whether we use existing or new RSRQ metric.
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Figure 1: CDF of measured serving cell RSRQ values
Looking at the HO’s in Figure 2 we can see that when using aggressive handover setting we are able to get faster inter-frequency mobility which somehow indicates that the new metric is more sensitive to load and change in RSRQ metric does have impact on system level. This also means that network might be required to set any RSRQ-based thresholds differently for UEs utilizing the current RSRQ and the new RSRQ definition, which means that the network should always know how the UEs are doing the RSRQ measurement. Further, it should be noted that any legacy eNB would have no knowledge of the “new RSRQ”, and would therefore always assume all UEs are utilizing the current RSRQ definition and set its RSRQ thresholds accordingly.

Observation 1: RSRQ thresholds should be set differently for UEs utilizing the current RSRQ and new RSRQ definition. 

As can be seen from Table 1, when the cell load is 50% or lower and we use the new RSRQ definition, the HO’s per UE/second increase compared to existing RSRQ definition. This can be seen from figure 2 and Table 1. Otherwise our results shows that PP’s (Ping-pong) and RLF’s are not impacted very much.
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Figure 2: Inter-frequency handovers per UE per second (aggressive HO setting left, conservative right)
	Aggressive HO parameters
	Average system load: 
0 %
	Average system load: 
25 %
	Average system load: 
50 %
	Average system load: 
100 %
	
	Conservative HO parameters
	Average system load: 
0 %
	Average system load: 
25 %
	Average system load: 
50 %
	Average system load: 
100 %

	Speed: 3 kmph
	6.7%
	23.9%
	39.6%
	2.9%
	
	Speed: 3 kmph
	8.2%
	18.2%
	18.8%
	2.3%

	Speed: 30 kmph
	13.5%
	15.4%
	18.8%
	3.1%
	
	Speed: 30 kmph
	14.9%
	14.6%
	11.4%
	2.5%

	Speed: 60 kmph
	12.6%
	12.4%
	13.6%
	2.3%
	
	Speed: 60 kmph
	16.8%
	13.8%
	11.2%
	2.9%


Table 1: The relative increase in inter-frequency handovers with the new RSRQ definition (when compared to the Rel-11 RSRQ definition)
Our simulation results shows that for the given Macro-Macro simulation scenario there is an increase in the amount of inter-frequency handovers depending on whether RSRQ is measured using existing or new RSRQ metric. RLF and PP is not impacted that much.
Observation 2: For Macro-Macro inter-frequency deployment, we see an increase in the amount of inter-frequency handovers when using the new RSRQ definition (compared to the current RSRQ definition). 
However, since this is the Macro-to-Macro layer scenario the need for load balancing and offloading may be smaller, especially for the low load case. Thus in this scenario, the usefulness of the new RSRQ definition is questionable since it results in complications to system operation and potential increase in the amount of inter-frequency handovers.
Finally, we note that full analysis would require more careful consideration of use cases and alignment of the simulation assumptions between companies. Therefore it may be beneficial to agree on more detailed system simulation assumptions if RAN4 should continue the analysis.
2.1.2 Macro-Pico Inter-frequency results

Having observed on the macro-macro use case in previous section, we consider also the offloading use case – i.e. macro-pico inter-frequency use case –since it is a common use case and very relevant e.g. in connection with small cell deployments.
First of all, also for macro-pico scenario we observe same trend in the difference in the measured RSRQ depending on the metric used as we saw for the macro-macro scenario). The RSRQ difference between the used metrics is more visible and is largest at low load.
Looking next at the HO’s in Figure 3 we observe an increase in the amount inbound HO’s to small cells and thereby also an increase in the overall HO amount. From the figure 3 we see that the proposed RSRQ definition increases the amount of HO’s compared to using the existing RSRQ definition. Table 2 shows the numerical increase and as expected the increase is highest at low load and especially when UE is moving at low speed. For high load the difference is not as large as for low load but still present. It is also observed that the HO rate is highest under these simulation assumptions when there are less UEs in Macro.
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 Figure 3: Inter-frequency handovers per UE per second (aggressive HO parameter setting on the left, conservative HO parameter setting on the right)
	Aggressive HO parameters
	UEs per macro area: 5
	UEs per macro area: 10
	UEs per macro area: 30
	
	Conservative HO parameters
	UEs per macro area: 5
	UEs per macro area: 10
	UEs per macro area: 30

	Speed: 3 kmph
	41.0%
	33.2%
	21.5%
	
	Speed: 3 kmph
	52.0%
	37.7%
	21.6%

	Speed: 30 kmph
	11.8%
	14.8%
	8.9%
	
	Speed: 30 kmph
	24.2%
	17.4%
	12.9%

	Speed: 60 kmph
	7.1%
	7.3%
	6.0%
	
	Speed: 60 kmph
	21.6%
	18.0%
	9.4%


Table 2: The relative increase in inter-frequency handovers with the new RSRQ definition (when compared to the Rel-11 RSRQ definition)

As can be expected the increase of HO’s also leads to an increase of ping-pongs in the system which can be observed from figure 4. As expected, the increase in PP rate is highest at low UE speed. Note that the simulation assumptions do affect the ping-pong rate and whether or how much the amount of PP handovers is a drawback to the network operation depends also on network HO policy.
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 Figure 4: Ping-pong handover percentage (total amount on the left, small cell - related on the right)
	Total ping-pongs
	UEs per macro area: 5
	UEs per macro area: 10
	UEs per macro area: 30
	
	Small cell related ping-pongs
	UEs per macro area: 5
	UEs per macro area: 10
	UEs per macro area: 30

	Speed: 3 kmph
	44.3%
	47.3%
	26.1%
	
	Speed: 3 kmph
	87.7%
	55.3%
	41.3%

	Speed: 30 kmph
	8.9%
	22.4%
	2.8%
	
	Speed: 30 kmph
	2.2%
	27.4%
	5.8%

	Speed: 60 kmph
	5.8%
	12.5%
	4.4%
	
	Speed: 60 kmph
	13.9%
	21.5%
	5.0%


Table 3: The increase in ping-pong handovers with the new RSRQ definition (when compared to the Rel-11 RSRQ definition)

It is important to also observe the amount of RLFs since an RLF may lead to connection drop and UE being in outage. We observe from our simulations is that RLF is mainly impacted by the UE velocity and not so much by the used RSRQ definition. This is shown in Figure 5 and Table 4.
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 Figure 5: Radio link failure per UE per second (small cell layer on the left, macro cell layer on the right)
	Small cell RLFs
	UEs per macro area: 30
	Macro cell RLFs
	UEs per macro area: 30

	Speed: 30 kmph
	1.2%
	
	-11.1%

	Speed: 60 kmph
	7.6%
	
	-11.4%


Table 4: The difference in radio link failures with the new RSRQ definition (when compared to the Rel-11 RSRQ definition) 
When looking at the small cell layer (Net1) the RLF is only affected in case of low load and high velocity likely due to higher probability of HO to small cell when using the new RSRQ metric.
When evaluating the system level impact from defining a new RSRQ metric in a macro-pico inter-frequency deployment, the results show that the new RSRQ definition seems to have impact on the system level performance. We do see a difference in HO’s and PP’s depending on which RSRQ metric is used in these simulations. However, further investigations could be done to make more complete conclusions.

What we can observe from the presented results is that for macro-pico case the impact from change in RSRQ definition is visible and with the used simulation assumptions the impact is visible on level.
Observation 3: Change in RSRQ definition in Macro-Pico inter-frequency deployments is visible on system level performance. 
2.1.3 Overall summary of results

In general, we see a difference in the measured RSRQ quantity depending on whether existing RSRQ definition or the new RSRQ definition is used. The difference is largest for low load situations but relatively marginal for high load cases. We also observe that in line with earlier presented results [1-4], the difference is below 3dB in all cases.
For the macro-macro inter-frequency deployment scenario, we do in see impact on on the amount inter-frequency handovers and thereby on system level. The impact of course depends on the simulated conditions but depending on whether the existing or the proposed RSRQ metric is used as inter-frequency measurent metric and mobility decisions impacts. We do observe an increase in inter-frequency handovers handovers when applying the new RSRQ metric e.g. using the proposed RSRQ metric increased HO rate of up to 40%.
For the macro-pico scenario, under the used simulation conditions, it is seen that there are system level impacts from changing the RSRQ metric. We observed that there an increase in inter-frequency HO to small cells as well as in PP rates. 
From the simulation results we observed it can be concluded that impact is visible on system level in some deployments but the effective is better to be further checked.  Therefore - on basis of the results presented - we find it difficult to make a clear decision, without further system level studies. 
Specifically, the impact the Network configuration effort is to be taken into account. Currently the MRO (mobility robustness optimization) is already defined for allowing optimization of network handover thresholds, (e.g. the offloading thresholds), so there is no strong need to introduce the new RSRQ definition for offloading optimization. Moreover, introducing new RSRQ will increase difficulties to configure proper handover parameters (e.g. settings for A3 events) if UEs in the network have different RSRQ measurement definitions than the legacy UEs. 
Conclusion: Should the new RSRQ definition be introduced, it should only be as a new measurement quantity and the existing RSRQ definition should be retained for backward compatibility.
3 Conclusions 
We have compared the differences between the current RSRQ definition and the proposed new RSRQ definition using system level simulation.We observed that there an increase in inter-frequency HO to small cells as well as in PP rates with new RSRQ definiations. While it is also observed that the HO rate increasing is in an unexpected direction, the less UEs in Macro however the larger rate to Pico and offloading, and no dramatic changes when more UEs in Macro.
We made the following observations based on the results:
Observation 1: RSRQ thresholds should be set differently for UEs utilizing the current RSRQ and new RSRQ definition. 

Observation 2: For Macro-Macro inter-frequency deployment, we see an increase in the amount of inter-frequency handovers when using the new RSRQ definition (compared to the current RSRQ definition). 

Observation 3: Change in RSRQ definition in Macro-Pico inter-frequency deployments is visible on system level performance. 
Based on these and the difficulties to network configuration, e.g. to the current MRO (mobility robustness optimization) which aims to optimize the network handover thresholds (also for the offloading cases), we see no strong motivation to introduce the new RSRQ definition as an offloading optimization tool.  

However, we acknowledge that more system level simulations could be needed: Current results do not merit changing the existing RSRQ definition but cannot be said to be absolutely conclusive, either. However, should the new RSRQ definition be seen useful, it would still be better to be introduced as a separate measurement quantity to retain backward compatibility with existing UEs.
Conclusion: Should the new RSRQ definition be introduced, it should only be as a new measurement quantity and the existing RSRQ definition should be retained for backward compatibility.
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Appendix A: Simulation parameters
	Feature/Parameter
	
	Value/Description

	System load
	Percentage of RBs loaded


	0, 25, 50, 100% 

	3GPP Macro Cell Scenario
	Cell layout per frequency layer
	21 sectors/7 BSs

	
	Inter site distance (ISD)
	500 m

	
	Frequency layers
	2

	
	Site location
	Co-located frequency layers


Table 5: Macro-macro inter-frequency scenario specific parameters
	Feature/Parameter
	
	Value/Description

	Traffic parameters
	FTP model 2


	0.5 MByte FTP bursts in average intervals of 5 seconds 

	Number of UEs
	Per macro cell area
	5, 10, 30

	3GPP Macro Cell Scenario
	Cell layout
	21 sectors/7 BSs

	
	Inter site distance (ISD)
	500 m

	Pico cell layout
	Cluster distance to macro
	Minimum 75 m

	
	Distance between clusters
	Minimum 100 m

	
	Distance between picos
	Minimum 20 m

	
	Cluster radius
	50 m

	
	Cluster location
	Random

	
	Clusters/macro cell
	1

	
	Picos/cluster
	4 

	Macro-pico deployment type
	
	Inter-frequency

	Distance-dependent path loss
	Macro cell model (TS 36.814, Model 1)
	128.1 + 37.6log10(r)

	
	Pico cell model (TS 36.814, Model 1)
	140.7 + 36.7log10(r)

	BS Tx power
	Macro

Pico
	46 dBm

30 dBm

	Shadowing standard deviation
	Macro

Pico
	8 dB

10 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Shadowing correlation distance
	Macro

Pico
	50 m

13 m


Table 6: Macro-pico inter-frequency scenario specific parameters
	Feature/Parameter
	
	Value/Description

	DRX
	No DRX used
	-

	Intra-frequency handover parameters
	Handover criteria

A3 offset (aggressive setting)
A3 time-to-trigger (aggressive setting)
A3 offset (conservative setting)
A3 time-to-trigger (conservative setting)
	RSRP
2 dB
160 ms
3 dB

256 ms

	Inter-frequency handover parameters
	Handover criteria

A3 offset (aggressive setting)
A3 time-to-trigger (aggressive setting)
A3 offset (conservative setting)
A3 time-to-trigger (conservative setting)
	RSRQ
2 dB

160 ms
3 dB

256 ms

	Scheduling
	Time domain

Frequency domain

Max allocation per user
	Proportional fair

Proportional fair

50 RBs

	Bandwidth
	
	10 MHz + 10 MHz

	Duplexing
	
	FDD

	Number of control symbols per TTI
	
	3

	Multipath delay profile
	
	Typical Urban

	UE speed
	
	3, 30, 60 km/h

	Intra-frequency measurement
	L1 measurement cycle

Measurement bandwidth

Measurement error standard deviation

L1 sliding window size

L3 filtering
	40 ms

6 RBs

2 dB

5

Disabled

	Inter-frequency measurement gaps
	Interval

Duration
	40 ms

6 ms

	Handover preparation time
	
	50 ms

	Handover execution time
	
	40 ms

	Radio link failure monitoring
	Qout threshold

Qin threshold

T310
	-8 dB

-6 dB

1000 ms

	Receiver diversity
	
	1x2 MRC


Table 7: General parameters
Appendix B: Additional simulations results on macro-macro scenario
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Figure 6: Radio link failure per UE per second (aggressive HO setting left, conservative right)
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Figure 7: Ping-pong handover percentage (aggressive HO setting left, conservative right)
