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Discussion
1. Introduction

In last RAN4 meeting different measurement quantities related aspects were discussed. In RRM Ad-Hoc discussions it was agreed to further evaluate the need and use of RSRQ measurement [1]. It was agreed to evaluate whether the RSRQ could provide a feasible way to detect such scenarios where it would be beneficial to perform inter-freq/RAT HO to prevent service degradation [2]. In this contribution we have performed further system level studies evaluating the use of RSRQ and RSRP to trigger quality based inter-frequency and inter-RAT handovers.
2. Discussion
In this section we present the used simulation scenario and the obtained results.
2.1 Simulation set-up
This study has been performed using a fully dynamic time driven simulator which simulates UL and DL directions simultaneously with a symbol resolution. We have assumed similar event-triggered measurement reporting and HO triggering as applied in UTRA. We have used RSRP measurements for evaluating the best cell and for making the actual (intra) handover decisions. The used handover parameters are also similar to those used in UTRA. In addition to RSRP measurement for intra-frequency handover purposes, the UE also makes and reports RSRQ measurements periodically. 
Similarly as in earlier studies in order to be able to evaluate the effect of fractional load situation to RSRQ the same definitions of RSSI as used in [3] have been applied to RSRQ. This provides information how the UE measurement strategies affects the results. The two RSSI measurement modes are as follows:
(1) RSSI mode 1: RSSI measurements are done in such symbols that contain reference symbols and control channels in the serving cell. 

(2) RSSI mode2 : RSSI measurements are done in such symbols that only contain data in the serving cell
In the context of this document the corresponding RSRQ measurements based on these mentioned RSSI measurement modes are named accordingly, RSRQ mode1 and mode 2. In the simulations the UE makes RSSI measurements with predefined period (“measurement interval”). The collected measurement results are then non-coherently averaged over a 200ms sliding window (“measurement period”). RSRP is also averaged over the same period. RSRQ is then calculated from these averaged values. To obtain further stability in the observed results we have used additional sliding window for averaging the RSRQ measurement.
In addition to the RSRQ and RSRP measurement results gathered from all the terminals, also statistics of the observed user throughputs were gathered. As noted in [2] the main purpose of the RSRQ measurement would enable proper initiation of inter-frequency or inter-RAT handovers to preserve received quality. Furthermore triggering events pre-maturely should be avoided (to limit unnecessary handovers). 

In this study the success/correctness of handover triggering using either RSRQ or RSRP measurement was evaluated based on the observed user throughput measure. Thus based on the gathered statistics following metrics were calculated:
· Total HO: Portion of the measurement reports that will result a HO e.g. number of handovers divided by the number of measurement reports. 
· Unnecessary HO: Portion of the triggered handovers that are unnecessary. Triggered handover is deemed unnecessary if the average user throughput of the terminal is above the predefined level before the handover. 
· Total missed HO: Portion of missed events/handovers e.g. portion of those events when the throughput was below predefined level but no handover was triggered based on the measurement report.
Two different loading scenarios were evaluated; highly loaded (> 99% RB load) and low load (15% RB load) scenario. In highly loaded case infinite buffer traffic model is used, whereas with low load case FTP_NO_TCP traffic model is parameterized to produce on average 15 % RB load. In low load cases traffic generator creates 500 bytes packets every 20 ms and maximum number of RBs to be allocated to one user is limited to 2.

Furthermore in highly loaded case results are gathered assuming two levels of interference, normal and increased. The normal interference level (i.e. no additional interference added) is used to evaluate the feasibility in such scenario where the amount of need for inter-frequency or inter-RAT handovers should be low as this would correspond to a a well planned network with no RF interference problems of the kind mentioned in [2]. The scenario in which the interference level is increased (by setting the UE thermal noise floor at -55dBm/10MHz) is used to verify that the used RSRQ triggering approach would function properly in presence of largely increased (e.g. other system) RF interference. The low load scenario is studied to confirm the operation in varying interference conditions.
2.2 RSRQ based handover triggering at high load
This section contains the results evaluating the RSRQ based handover triggering when assuming high load on the system. Only results for RSRQ mode1 are presented. Figure 1 shows the portion of RSRQ measurement reports triggering a handover at different RSRQ thresholds for normal and increased interference level. As the measurement reporting is set to be periodic, this corresponds to the probability of inter- frequency/RAT handover in the system. In normal interference conditions, RSRQ threshold of -35dB corresponds to RSRQ based handover probability of 1%. This is selected as a reference level as it is seen beneficial to keep the total number of inter-frequency or inter-RAT handovers low for such an un-interfered “normal” scenario. When the level of the interference is increased this handover probability is doubled to level of 2%.
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Figure 1 – Portion of RSRQ measurement reports triggering handover in respect to selected RSRQ threshold.
Figure 2 shows the statistics for unnecessary RSRQ based handovers and missed handover events. Assuming a low target value for unnecessary handovers, e.g. 1%, the RSRQ threshold should be set around -36dB. Keeping the missed handovers low (as they could result a either dropped call or reduced end user satisfaction) would require setting the RSRQ threshold to -30dBm and higher depending on the throughput level assumed. Of course the setting of the RSRQ threshold would depend on the desired service quality prior the handover. 
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Figure 2 –Left: Portion of unnecessary handovers of total number of handovers. Right: Portion of missed handovers with normal interference level and RSRQ triggering
Figure 3 shows the statistics for unnecessary handovers and missed handover events with the increased interference level. The increased interference level improves the accuracy of the handover triggering and probability of unnecessary handovers is below 1% with all throughput levels at RSRQ threshold of -31dB. Keeping the portion of missed handovers at low levels would require setting the threshold above -25dB. 
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Figure 3 –Left: Portion of unnecessary handovers of total number of handovers. Right: Portion of missed handovers with increased interference level and RSRQ triggering
2.3 RSRP based handover triggering at high load
In this section results evaluating the performance of RSRP based inter IF/RAT handover triggering are presented. The assumptions and scenarios are the same as used for RSRQ in previous section. Figure 4 shows the RSRP based handover probability. As could be expected it is independent of the level of interference assumed. Handover probability of 1% is reached approximately at -91dBm level.
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Figure 4 – Portion of RSRP measurement reports triggering handover in respect to selected RSRP threshold.
Figure 5 shows the statistics for unnecessary handovers and missed handover events when the triggering is based to RSRP. The portion of unnecessary handover remains relatively high down to -96dBm thresholds, if the desired quality of service is set to very low level. On other hand keeping the portion of missed handovers low would require keeping the threshold at -85dBm and higher level. 
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Figure 5 –Left: Portion of unnecessary handovers of total number of handovers. Right: Portion of missed handovers with normal interference level and RSRP triggering
Figure 6 shows the statistics for unnecessary handovers and missed handover events with the increased interference level when RSRP is used as a handover trigger. As could be expected the increased level of interference removes completely the unnecessary handovers at lower RSRP levels for all throughput levels. Similarly as in case of RSRQ the portion of missed handovers is increased.
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Figure 6 –Left: Portion of unnecessary handovers of total number of handovers. Right: Portion of missed handovers with increased interference level and RSRP triggering
2.4 RSRQ and RSRP based handover triggering at low load
In this section the results evaluating the performance of RSRQ handover triggering with low load. Contrary to results presented in Section 2.2 (high load), in low load scenario the observed RSSI will vary from sub-frame to sub-frame. Interference level is kept normal (e.g. no additional RF interference was added). Furthermore as there will be differences in observed RSSI at symbol level, two different RSRQ modes, given in Section 2.1, are evaluated.
Figure 7 shows the handover probability for both RSRQ modes and RSRP in the low load scenario. The 1%-level of handovers occurs approximately at the same level as in previous scenarios. For the RSRQ these levels are -35dB for mode 1 and -34dB for mode 2. RSRP handover probability of 1% is at -92dBm. Larger difference compared to earlier results is seen at higher handover probabilities.
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Figure 7 – Portion of RSRQ(left) and RSRP (right) measurement reports triggering handover in respect to selected RSRQ threshold with low load
Figure 8 shows the unnecessary and missed handovers for the RSRQ mode 1. Similar results for the RSRQ mode 2 can be seen in Figure 9 and in Figure 10 for RSRP. The probability of unnecessary handovers is increased compared to the previous results. Due to lower load scheduler can maintain higher throughput level even at lower RSRQ/RSRP levels making it more difficult to set the RSRQ threshold independent of load conditions. The level of the unnecessary handovers increases at low RSRQ levels due to the small number of samples and as there still are events when the throughput remains at reasonable level.
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Figure 8 –Left: Portion of unnecessary handovers of total number of handovers. Right: Portion of missed handovers with low load and RSRQ (mode1) triggering
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Figure 9 –Left: Portion of unnecessary handovers of total number of handovers. Right: Portion of missed handovers with low load and RSRQ (mode2) triggering
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Portion of Total missed HO with different throughput levels
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Figure 10 –Left: Portion of unnecessary handovers of total number of handovers. Right: Portion of missed handovers with low load and RSRP triggering
3. Summary
In the previous section we have presented results and considered the threshold setting for RSRQ and RSRP based triggering looking three different metrics; total number of triggered inter-frequency/RAT handovers, portion of unnecessary handovers and level of missed handovers. In Table 1 below we have summarised the thresholds achieving target of 1% for total number of handovers, unnecessary handovers and missed handovers. In case the targeted level cannot be achieved the threshold giving the closest (lowest) value is given instead. These are gathered for the 10kbps as it was felt that this would serve as example of the level which would occur just prior the call is dropped. 
Table 1. Summary of required triggering levels to achieve set metric for 10kbps throughput level

	Triggering measurement
	Load level
	Interference level
	Total HO (~1%)
	Unnecessary HO (~1%)
	Total Missed HO (~1%)

	RSRQ mode1/2
	High
	Normal
	(-35dB
	(-37dB
	(-31dB

	RSRQ mode1/2
	High
	Increased
	(-38dB
	-33dB
	(-25dB

	RSRQ mode 1
	Low
	Normal
	(-36dB
	(-38dB (16%)
	(-25dB

	RSRQ mode 2
	Low
	Normal
	(-34dB
	(-36dB (30%)
	(-12dB

	RSRP
	High
	Normal
	(-91dBm
	(-97dBm
	(-84dBm

	RSRP
	High
	Increased
	(-91dBm
	(-84dBm
	(-77dBm

	RSRP
	Low
	Normal
	(-92dBm
	(-100dBm (51%)
	(-83dBm 


From system perspective it would be attractive to minimize the amount of (IF/IRAT) handovers occurring and thereby doing only the necessary handovers. It is also important from the system quality perspective that users having bad quality are moved to alternative RATs/frequency layers. As seen in the results finding a good threshold can be challenging even in relatively static conditions. As also shown by the results this is made even more challenging when changing conditions are considered. Different probabilities are gathered to Table 2 based on the level required to achieve the missed handover probability of 1% in highly loaded case with normal interference level. This is used as an example and lower level of missed handovers would be targeted in practical networks.
Table 2. Summary of metrics with selected triggering level for 10kbps throughput level

	Triggering measurement
	Threshold
	Load level
	Interference level
	Total HO
	Unnecessary HO
	Total Missed HO

	RSRQ mode1/2
	-31dB
	High
	Normal
	2.23%
	18.01%
	1.10%

	RSRQ mode1/2
	
	High
	Increased
	5.96%
	2.97%
	10.02%

	RSRQ mode 1
	
	Low
	Normal
	2.35%
	33.60%
	0.54%

	RSRQ mode 2
	
	Low
	Normal
	1.87%
	42.47%
	1.02%

	RSRP
	-84dBm
	High
	Normal
	3.43%
	67.93%
	1.06%

	
	
	High
	Increased
	5.77%
	0.52%
	9.80%

	
	
	Low
	Normal
	7.20%
	85.58%
	1.06%


4. Conclusions

In this contribution we have presented analyses on the performance of the RSRQ and RSRP based inter RAT/IF handover triggering focussing on the RF interference use case as agreed in [2], i.e. inter RAT/IF handover triggering to escape from RF interference problems (e.g. high-rise buildings, etc). It should however be noted that only the DL quality has been monitored and mapping to UL RL quality has not been considered.
Based on these results it is not clear how RSRQ could provide some benefit over the RSRP based IF/RAT handover triggering in terms of robust detection of areas with low quality (throughput) and at the same time avoid unnecessary handovers. 
Furthermore, based on difficulty to provide unambiguous mapping between the RSRQ and DL quality it can be considered challenging to use it as a comparative metric between two frequency layers. The comparison will be also heavily influenced by UE measurement strategy. This was also show in results presented in [3]. Therefore it is not recommended to specify RSRQ for inter-frequency quality comparison purposes.
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Annex A. Simulation Parameters:

	Feature/Parameter
	
	Value/Description

	Operation Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	375 kHz

	Sub-frame length
	
	1 ms

	Reuse factor
	
	1

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	10

	Number of control symbols per TTI
	
	4

	3GPP Macro Cell Scenario
	Cell layout
	57 sectors


	
	Inter site distance (ISD)
	500 m

	
	Minimum distance between UE and cell site
	35 m

	
	Number of UEs per sector
	10

	
	Antenna pattern
	70-degree sectored beam

	Distance-dependent path loss
	
	128.1 + 37.6log10(r)

	Shadowing standard deviation
	
	8 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Multipath delay profile
	
	Typical Urban

	Traffic model
	Full buffer
	( > 99 % RB load )

	
	FTP_NO_TCP
	( 15 % RB load )

Packet size: 500 bytes
Packet generation interval: 20 ms



	UE Speed
	
	3km/hour

	Time-To-Trigger
	
	200ms

	HO Decision delay
	
	0ms

	
	
	

	HO Margin
	
	3dB

	Receiver
	
	2RX MRC

	RSRP Measurement
	Measurement Bandwidth
	6 PRBs

	
	Measurement Interval
	50 ms

	
	Measurement Period
	200 ms

	
	Measurement Error
	0 dB

	RSRQ Measurement
	Measurement Bandwidth
	10 MHz

	
	Measurement Interval
	50 ms

	
	Measurement Period
	200 ms

	
	Measurement Error
	0 dB
















































































































































































