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1. Introduction

In RAN4 meeting #48bis the radio link problem detection was discussed [1,2,3] and a working assumption was defined [4]. In this contribution we present further analysis of the reliability of the radio link problem detection with and without DRX.
2. System simulation results

In this section we present system simulation results evaluating the radio link problem and failure detections. These evaluations are done in non-DRX and DRX mode and the aim was to investigate the over all probability of RLF and also the probability of false RLF detection. Aspects like scaling out-of-synch and in-synch evaluation periods was also accounted, together with L3 filtering.

The simulator used was a fully dynamic time driven simulator where DL modelled with a symbol resolution. The simulations were done with a constant load, and the amount of radio link failures and unnecessary RLFs was tracked.
In order to detect the RLF, the radio link quality is measured and compared to to the hypothetical PDCCH quality thresholds [4]. The channel quality is measured once every radio frame (i.e. 10 ms) and filtered over 20 measurements in case of no DRX. If the filtered quality measure falls below a given threshold, Qout, out-of-synch indication is given to upper layers. Depending on the settings chosen there may be a further L3 filtering in a form of a counter. Similarly, in-synch is evaluated over 10 measurement samples (sample per 10ms) and it is detected if the filtered quality is above a given threshold Qin. In DRX the out-of-synch evaluation period was scaled according to the proposal given in [4] (see Table 1 in Annex). In-sync evaluation period was also scaled prior the detection of radio link problem (e.g. prior desired amount of out-synch had occurred) and the evaluation period was set to 10 DRX cycles. After the detection of radio link problem the evaluation period of in-synch was set to be similar as in non-DRX case (100ms). No L3 filtering was assumed for in-synchs and the recovery evaluation period was set to be 100ms. In these system simulations a WB SINR threshold is used as radio link quality measure and error with 2dB STD is added to single sample (obtained every 10ms or every DRX cycle)
2.1
Simulation setup
The key simulation parameters are shown in Annex A. Figure 1 depicts the evaluated scenario. It consisted of 19 active sites (57 cells), with the cells where the statistics were collected from highlighted with light blue in the figure.
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Figure 1. Evaluated scenario
The simulations were performed with three different combinations of ISD and UE velocities. 3 and 30 km/h were evaluated with ISD of 500m and 120 km/h with ISD of 1732m  Each simulation used a fixed long DRX period, with UEs only doing measurements once for each DRX period,  and several long DRX period values were tested. Handovers were done based on RSRP measurements, with the measurements being evaluated over 200ms in non-DRX and over 5 DRX periods in DRX mode. The used handover parameters were similar to those used in UTRA: 3 dB HO margin and 200 ms TTT were used. Handover commands were modelled to be actually transmitted in the simulation, and could fail if not received after 2 ARQ retransmissions: In such a case, the handover was considered a failure and a reselection to another cell would be done. The used traffic model was such that UEs would transmit one packet every 10 seconds, simply to stay in active mode. The calls were then never dropped or commanded to idle mode.
Two metrics were evaluated from these simulations. The amount of observed RLFs normalised with number of calls was evaluated to see the general trend in amount of handovers. In addition from the occurred RLFs, those events when recovery occurred (e.g .UE obtained in-synch within 100ms after radio problem detection) or did a re-selection to the back to the original cell, were chosen to be RLF false alarms. For these the portion of RLF false alarms of all RLFs was gathered to understand how of then RLF is triggered unnecessarily. Of course as there was no inter-frequency or inter-RAT layers available it was rather likely that UE re-selected back to the same cell. As the RACH procedure was not modelled in these simulations the selection back to same cell could always be done successfully. 
2.2
Reference results – no DRX
First the selected statistics were evaluated in non-DRX conditions without any additional L3 filtering. Purpose was to see how likely the RLF is in general in the given scenario. Figure 2 and Figure 3 presented the collected statistics. The results in Figure 2 show that there are almost no RLFs with 3 km/h, and very few with 30 km/h. At 120 km/h there are clearly more RLFs, but it is good to note that handover parameters are same for all velocities, so the parameters are not optimal for 120 km/h. Also in terms of probability of RLF false alarms, shown in Figure 3, highest probability is seen at 120 km/, but the absolute likelihood of RLF false alarm is rather low. The amount of actual recoveries was close to zero in all cases. 
As the results implied that the probability of RLF false alarm was relatively low, no additional analyses were performed with different L3 filter assumptions.
	[image: image2.emf]
Figure 2. RLFs/call, 3/30/120 km/h, L3 filter = 1, no DRX
	[image: image3.emf]
Figure 3. RLF false alarms/all RLFs, 3/30/120 km/h, L3 filter = 1, no DRX


2.3
Results with DRX

In this section additional results for DRX mode are presented. For simplicity (and ease of analysis), only long DRX was used i.e. no short DRX cycle was defined. This should provide also the worst-case performance, due to least frequent measurements. Several different DRX cycles were tested, with the initial guess that the longer the DRX period is, the more RLFs will occur. In these results the out-of-synch evaluation period is scaled as show in Table 1 (Annex A). 
Figure 4, Figure 5 and Figure 6 show the amount of RLFs as function of DRX cycle and L3 filtering used for different velocities. 
Similarly as with no DRX, at 3 km/h there are practically no RLFs, regardless of DRX cycle length or L3 filtering. At 30 km/h case the amount of RLFs observed is increased, especially when the DRX cycle becomes long enough, since the handover evaluation starts to happen less frequently. At 120km/h (in Figure 6) the amount of RLFs is further increased as could be expected, but there are less RLFs than without DRX expect for the highest DRX cycle. This is because the RLF evaluation period becomes longer in DRX prolonging the detection of RLF. Effect of L3 filtering is also visible in number of RLFs seen. The impact of longer RLF evaluation period for DRX cycles shorter than 1.28s is also seen in Figure 6 in increased number of RLFs for longer DRX cycles. It is good to note that the amount of handovers decreased as a function of DRX cycle.
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Figure 4. RLFs/call, 3 km/h, L3 filter = 1,2,3

	[image: image5.emf]
Figure 5. RLFs/call, 30 km/h, L3 filter = 1,2,3

	[image: image6.emf]
Figure 6. RLFs/call, 120 km/h, L3 filter = 1,2,3


Figure 7 shows the amount of RLF false alarms (i.e. recovery or reselections back to own cell). These are shown only for 120 km/h  as there were practically no false alarms in 3 and 30 km/h cases. The amount of samples is very low also for this case, causing variation in the results, but overall it is visible that there are not very many false alarms, similarly as with non-DRX cases. Majority of these come from the reselections back to same cell and only few recoveries were observed. 
	[image: image7.emf]
Figure 7. RLF false alarms/all RLFs, 120 km/h, L3 filter = 1,2,3


3. Conclusion

In this contribution we have presented some system level analyses for the radio ling monitoring requirements discussed in last meeting [4]. The likelihood of RLF and probability of false RLF were evaluated in non-DRX and DRX mode. 
In case of non-DRX it was observed that the amount of RLFs was relatively low for lower velocities and that the detected RLF could be considered to be reliable. This would seem to imply that the level set for the out-of-synch is sufficiently low so that UE should have done a handover before reaching it. This is an expected behaviour in the simulated scenario where there is sufficient coverage. When the velocity is increased the amount of RLFs increases as the handover evaluation is not sufficiently fast with the selected parameters resulting increase in amount of RLFs.
Similarly to non-DRX case no or very few RLFs are seen at lower velocities and DRX cycle lengths. Also with DRX the amount of observed RLFs increases when long DRX cycle or high velocity is assumed. In addition the effect of different evaluation periods for different DRX cycle lengths is visible. Also with DRX the probability of false RLFs remains low. 

 Based on these results it would seem that the probability of false RLF can be considered to be relatively low. As this was seen to be the case no further evaluation was performed with scaling of in-synch and the conclusion is that it might be unnecessary to scale in-sync evaluation time for the recovery period after the RLF has been detected.
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Annex A. System simulation assumptions

Table 1. Qout scaling with DRX cycle

	DRX long cycle [ms]
	Qout samples
	Qin samples

	40
	20
	10

	80
	10
	10

	120
	10
	10

	320
	10
	10

	640
	10
	10

	1280
	5
	10

	2560
	5
	10


Table 2. Key simulation parameters

	Feature/Parameter
	
	Value/Description

	Operation Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	NW synchronicity
	
	Asynchronous NW

	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 (3 and 30 km/h)and 1732 m (120 km/h)

	
	Minimum distance between UE and cell site
	35 m

	
	Number of UEs per sector
	30

	
	Antenna pattern
	70-degree sectored beam

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

	Shadowing standard deviation
	
	8 dB

	Shadowing correlation distance
	
	50 m

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Multipath delay profile
	
	Typical Urban

	UE Speed
	
	3kmh, 30kmh and 120kmh

	Time-To-Trigger
	
	200 ms 

	
	
	

	HO Decision delay
	
	0ms

	HO Margin
	
	3dB 

	Receiver
	
	2RX MRC

	DRX parameters
	OnDuration length
	5 ms

	
	Long cycle length
	40ms, 80ms, 160ms, 320ms, 640ms

	
	Short cycle length
	Short cycle not defined

	
	Inactivity timer
	10 ms

	
	Retransmission timer
	10 ms

	
	
	

	CQI measurement accuracy
	
	Normally distributed with 2 dB deviation

	Qout indication parameters
	Detection threshold
	-10 dB

	
	L3 filtering 
	1, 2, 3 (consecutive indications: 1 means no filtering)

	Qin/Qout scaling
	
	See Table 1

	Qin indication parameters
	Detection threshold
	-4 dB

	
	L3 filtering 
	1 (i.e. no L3 filtering)

	
	
	

	RSRP Measurement
	Measurement Bandwidth
	6 PRBs

	
	Measurement Interval
	One DRX cycle

	
	Measurement Period
	5 DRX cycles

	
	Relative measurement Error
	3 dB


