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1 Introduction
A study item ‎[1] has been started with the following objectives:

1. Evaluate HS-PDSCH serving cell change reliability in the context of real time service transmission over HS-PDSCH (e.g. CS over HS or VoIP); in particular perform an evaluation of the procedure success rate.

2. Make a determination on the need for HS-PDSCH serving cell change enhancements.

3. Identify and recommend enhancement technique(s) (in case a need is identified).

This contribution addresses objectives 1 and 2 above by presenting two sets of results:

· Field measurements of Layer 1 CPICH signal strength variations. The performance HS-PDSCH serving cell changes based on CPICH signal strength measurements for the “Best cell” and the surrounding cells will depend on the characteristics of these measurement results.

· System simulation results for call drop rate in networks with antenna down tilt. The high peak rates in Rel-7 and Rel-8 rely on well tuned networks with a fair amount of cell isolation which can for example be achieved using antenna down tilt. However, the increased cell isolation may also pose problems from a HS-PDSCH serving cell change point of view.
2 CPICH signal strength variation
Some field trial measurements were made in a real network. Layer 1 CPICH Ec/Io and CPICH RSCP values were logged for all detected cells in real terminal.

Figure 1 shows an example illustrating the definition of “Best cell” time duration and “time to RL lost”. In the figure the overall best cell is plotted (red line) and one particular cell (with cell ID 497) is marked with the blue line. Between 368.2 to 380.6 (sec) cell 497 is the best cell, then another one is best for a short time. The time from 380.6 to when cell 497 is lost at 383.1 (=2.5) (sec) is defined as the “time to RL lost” for the best cell time duration 368.2 to 380.6. Also note that at 380.5 cell 497 becomes best again until 381.6. Hence, for that best cell time duration, the “time to RL lost” is 383.1-381.6=1.5 sec.
[image: image1.emf]
Figure 1: Example of CPICH signal strength variation in 70 km/h

Figure 2 through Figure 5 show the cumulative distribution function (CDF) as a function of time (note the log scale on the x axis) as well as comments for the following scenarios:

· Indoor 3 km/h

· Suburban 50 km/h

· Bad rural 70 km/h

· Highway 110 km/h

“RL removal” (i.e. removal of a cell from the active set)  is assumed to occur when a cell’s CPICH signal strength is at least 5 dB worse than the best cell, and “RL loss” is assumed to occur when CPICH Ec/Io is worse than -16 dB.

[image: image2.emf]
Figure 2: Indoor 3 km/h. CDF for the time from “best cell” to RL removal and RL lost.
10/20/50% percentile: 0.5/1.5/9.0 sec (RL removal) and 3.5/10/30 sec (RL lost)
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Figure 3: Suburban 50 km/h. CDF for the time from “best cell” to RL removal and RL lost.
10/20/50% percentile: 0.6/1.5/4.5 sec (RL removal) and 3.0/5.0/13 sec (RL lost)
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Figure 4: Bad rural 70 km/h. CDF for the time from “best cell” to RL removal and RL lost.
10/20/50% percentile: <0.1/0.3/2.3 sec (RL removal) and <0.1/0.5/4.0 sec (RL lost)
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Figure 5: Highway 110 km/h. CDF for the time from “best cell” to RL removal and RL lost.
10/20/50% percentile: 0.4/0.7/3.3 sec (RL removal) and 1.0/2.0/9.0 sec (RL lost)
From the measurements one can see that the “Best cell” time duration, on average, is very short. The reason is probably that a number of cells have similar signal strength and the best cell changes all the time due to shadow fading, especially in high mobility scenarios.

More important from the mobility point of view is that the 10% and sometimes also the 20% percentile for the time from “Best cell” to “RL removal” is below 1 sec in all scenarios. And in some scenarios the 10% percentile for time to “RL lost” is in the order of 1 sec.

The results are based on 200 ms Layer 1 measurements and Layer 3 parameters typically smoothens the “noisy” behaviour. Nevertheless, the measurement results shown here indicate the risk of loosing the serving cell due to fast changes in signal strength in frequency reuse 1 systems. Therefore there is a need for fast and robust cell change procedures in case of relying on a single serving cell.
3 Call drop ratio
Some system simulations were conducted to evaluate the call drop ratio. Table 1 lists the simulation parameters. Figure 6 shows the simulation results. At high velocities, SRB on HS shows a significantly higher call drop rate compared to SRB on DCH.
Table 1: Simulation parameters
	Simulation time
	300 s

	Network layout
	7 Node B with 21 cells

	Cell radius
	500 m

	Number of HS-SCCH codes
	4

	HS-SCCH power control
	Using CQI reports

	Maximum HS-SCCH power
	30 dBm (per HS-SCCH code)

	Maximum cell power
	43 dBm

	Channel model
	3GPP Rural Area

	Antenna pattern
	3D Kathrein antenna model, with 6 degrees down tilt

	Number of users
	105 active users

	Traffic
	VoIP call with ROHC, fixed duration 30 s

	UE velocity
	{50, 90, 120} km/h

	SRB in DL
	Mapped onto DCH or HS-DSCH

	Poll timer for signaling
	100 ms

	RRC signaling
	Real

	EUL
	On

	SRB priority
	Highest priority queue in Proportional-Fair scheduler and it is absolute compared to others

	Admission and congestion control
	Off

	Event 1a Time to Trigger
	320 ms

	Event 1b Time to Trigger
	640 ms

	Event 1c Time to Trigger
	320 ms

	Event 1d Time to Trigger
	640 ms (DCH), 250 ms (HS)

	Event 1d hysteresis
	1 dB (DCH), 2 dB (HS)

	Activation time 
	500 ms (DCH), 250 ms (HS)

	Network preparation delay
	100 ms

	ACK/NACK errors
	None

	CQI errors
	None
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Figure 6: Call drop ratio

Figure 7 illustrates a call drop example (from a different set of simulations than above, only for illustration). It can be seen that when cell 19 becomes the strongest cell, cell 20 is already at -20 dB.

[image: image7]
Figure 7: Call drop example
4 Conclusion
The field measurement results presented in this contribution show that the CPICH signal strength may vary quickly for the serving cell and that the time from being a “Best cell” to “RL removal” or even “RL lost” can in many cases be less than 1 sec.
The system simulation results indicate that there may be a significantly higher call drop rate when SRB is mapped to HS instead of DCH at high UE velocities in a network with antenna down tilt.
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