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1 Introduction 
Fast Adaptive Emphasis (FAE) is a technique proposed for the HSDPA Enhancement study item (see [1]) to improve performance of HSDPA in SHO when TxAA is used.

It mandates the UE to compute the FBI bits used by the node-B to update the weights in a way that is dependent on the packet activity.  If the UE is scheduled, then the FBI are computed putting maximum emphasis on the serving cell, otherwise the emphasis is equal on all the cells of the active set.

The idea is to enhance HSDPA only when it is required, and to maintain site diversity for the associated DPCH in other cases.

FAE should be switched on/off using signaling from the RNC.  If FAE is switched off, then the UE should not use any emphasis at all.

In the following we present some results of the system level simulation of FAE.

2 Performance of FAE in brief
System level simulations have compared the performance of FAE with three other static emphasis modes: (a) alpha = 0.50 that gives equal emphasis for every cell, (b) alpha = 1.00 that gives maximum emphasis on the serving cell neglecting other cells, (c) alpha = 0.75 that gives an intermediate behavior.

The conclusion from the results shown in the appendix is the following.

· The gain of FAE vs. alpha = 0.50 is a few percent in overall
 throughput performance.

· The gain of FAE vs. alpha = 0.50 is several percent in throughput performance in SHO.

· There is no significant gain of FAE vs. alpha = 0.75 in throughput performance (overall and in SHO).

· FAE has a throughput performance (overall and in SHO) similar to alpha = 1.00.

· FAE, alpha = 0.75, alpha = 0.50 have the same transmission power of DPCH, whereas alpha = 1.00 requires more power.

3 Performance of FAE in details
The simulation conditions are compliant with the typical set-up used in 3GPP-RAN1 for HSDPA.  We also explicitly compute the FBI bits and simulate the behavior of the system at slot resolution. 

We used a round robin scheduler. All UEs have channel condition similar to PedA (nearly single path) and are moving at 3kmph.

For evaluation of performance we use OTA user throughput as defined in TR-25.848.

3.1 Analysis of the results for mean OTA throughput and transmission power
In sect 6.1 and sect 6.2 it is shown that FAE and alpha = 0.75 outperform alpha = 0.50 in SHO because they give higher OTA throughput in SHO (with gain between 7.5% and 12%), and because they have about the same transmission power of the associated DPCCH.

Also alpha = 1.00 outperforms alpha = 0.50 in terms of OTA throughput, but as a drawback it produces a rise in the mean transmission power of the associated DPCCH of about 1 dB.
3.2 Analysis of the results for CDF of OTA throughput

Sect 6.3 shows that FAE has only some percent gain over alpha = 0.75 for OTA throughput in SHO around 1 Mbps but have between 7.1% and 14.1% gain versus alpha = 0.50.

If we consider users both in SHO and single cell, we can see a gain of a few percent (between 2% and 4.8%) of FAE versus alpha = 0.50.

4 Conclusion
In this contribution, we report the results of the system level simulation of FAE.  The main results are the following.

Simulations have shown that if UEs use alpha = 1.00 or alpha = 0.50, there is an impact on performance upon which the network does not have any control.  In particular, the use of alpha = 1.00 produces a rise in the mean DPCCH power, and the use of alpha = 0.50 produces a loss of the throughput in SHO.

Moreover, it seems clear that some sort of emphasis is required, be it static of adaptive. We can see three alternatives for standardization.

1. To do nothing – The risk is that UEs may give an impact on performance of HSDPA without the network being able to have control.

2. To standardize fixed emphasis – The weights can be signaled by the network.  It is possible either put emphasis or not.  Also, the weights depend on the size of the active set.  The problem in this approach is that we have to standardize the formula and to move it from the annex in the mandatory part.

3. To standardize FAE with higher layer signalling – FAE can be switched on/off by signaling coming from the network, so that operators decide if to apply adaptive emphasis or normal R99 behavior with no emphasis.

We would like to ask the opinion of RAN1 on this issue.

We also have prepared a text proposal to [1] for inclusion of the main results.
5 References
[1]
TR 25.899 v020 “HSDPA Enhancements”
6 Full results of system level simulation of FAE
6.1 Results on mean OTA throughput
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Figure 1 – It shows the mean OTA throughput for all the UEs, irrespectively that they are in SHO or in single cell.
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Figure 2 – It shows the mean OTA throughput for the UEs that are in SHO for all the duration of the packet call.
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Figure 3 – It shows the OTA throughput for the UEs that are in SHO for all the duration of the packet call.

Results in Figures 1, 2, and 3 are showing that there is some gain in mean OTA throughput for the UEs in SHO.  The gain of FAE vs. alpha = 0.50 is 7.5% for 10 UEs per cell and 12% for 20 UEs per cell.

In terms of mean OTA throughput, FAE, alpha = 0.75, and alpha = 1.00 behave in the same way.

6.2 Results on transmission power of the associated DPCCH
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Figure 4 – It shows the mean transmission power of the associated DPCCH for all the UEs (both in SHO and in single cell).  The power for alpha = 1.00 is higher than nearly 1 dB. 
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Figure 5 – It shows the mean transmission power of the associated DPCCH for the UEs versus the active set size in case of 5 UEs per cell.
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Figure 6 – It shows the mean transmission power of the associated DPCCH for the UEs versus the active set size in case of 10 UEs per cell.
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Figure 7 – It shows the mean transmission power of the associated DPCCH for the UEs versus the active set size in case of 20 UEs per cell.
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Figure 8 – It shows the mean transmission power of the associated DPCCH for the UEs versus the active set size in case of 5 UEs per cell.

Figure 4 shows that with alpha = 1.00 the transmission power is higher of slightly less than 1 dB.  The same effect appear if we consider the power of the UEs in SHO (see Fig. 5, 6, 7, 8), but the gap is a larger.

The transmission power for FAE, alpha = 0.75, alpha = 0.50 is about the same.

6.3 Results on the CDF of the OTA throughput
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Figure 9 – It shows the CDF of the OTA throughput for 5 UEs per cell
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Figure 10 – It shows the CDF of the OTA throughput for 5 UEs per cell zoomed around 1Mbps.
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Figure 11 – It shows the CDF of the OTA throughput in SHO for 5 UEs per cell.
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Figure 12 – It shows the a zoom around 1Mbps of the CDF of the OTA throughput in SHO for 5 UEs per cell.
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Figure 13 – It shows the CDF of the OTA throughput for 10 UEs per cell.
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Figure 14 – It shows the CDF of the OTA throughput for 10 UEs per cell zoomed around 1Mbps.
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Figure 15 – It shows the CDF of the OTA throughput in SHO for 10 UEs per cell.

[image: image16.png]Percentage of packet calls achieving throughput < x-axis

E3

Eil
18.1

136

1.4
10

CDF of OTA Throughput for active set size > 1 and for 10 UEs per cell

— TxAAonDED
—— TeAA-on-100
— TxAAonFAE
TuAd-on075

04 06 073 092 1 12 14 16
Throughput [Mbps]




Figure 16 – It shows the CDF of the OTA throughput in SHO for 10 UEs per cell when zoomed around 1 Mbps.
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Figure 17 – It shows the CDF of the OTA throughput for 20 UEs per cell.

[image: image18.png]Percentage of packet calls achieving throughput < x-axis

Eil

CDF of Global OTA Throughput for 20 UES per cell

187 |

137

127
12

10

TuAA-on-050
—— TeAAon100 |-
— TxAAonFAE
TuAd-on075

06 07 08 09 1 11 12 13 14
Throughput [Mbps]




Figure 18 – It shows the CDF of the OTA throughput for 20 UEs per cell zoomed around 1Mbps.
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Figure 19 – It shows the CDF of the OTA throughput in SHO for 20 UEs per cell.
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Figure 20 – It shows the CDF of the OTA throughput in SHO for 20 UEs per cell when zoomed around 1 Mbps.
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Figure 21 – It shows the CDF of the OTA throughput for 30 UEs per cell.
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Figure 22 – It shows the CDF of the OTA throughput for 30 UEs per cell zoomed around 1Mbps.
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Figure 23 – It shows the CDF of the OTA throughput in SHO for 30 UEs per cell when zoomed around 1 Mbps.
In the following tables, we have collected the probability that the OTA throughput is higher than 1Mbps for global OTA throughput (see table 1) and for OTA throughput in SHO (see table 2).

We can see from Table 2 that in SHO the gain of FAE vs. alpha = 0.75 is just a few percent (up to 2.8%), but the gain versus alpha = 0.50 ranges between 7.1% and 14.1%.

	UEs / cell
	% of OTA>1Mbps using FAE
	% of OTA>1Mbps using alpha 0.75
	% of OTA>1Mbps using alpha 0.50
	% gain of FAE vs 0.75 for OTA>1Mbps
	% gain of FAE vs 0.50 for OTA>1Mbps

	5
	96.9
	96.2
	94.5
	0.7%
	2.5%

	10
	94.6
	93.5
	91.9
	1.1%
	2.9%

	20
	87.3
	86.3
	83.3
	1.1%
	4.8%

	30
	77.0
	76.5
	74.5
	0.7%
	3.3%


Table 1 – It shows the percentage of the UEs that have global OTA throughput higher than 1Mbps for FAE, alpha = 0.75, and alpha = 0.50.  Also, it shows the gain of FAE vs alpha = 0.75 and alpha = 0.50.  See Fig. 10, 14, 18, and 22.
	UEs / cell
	% of OTA>1Mbps using FAE
	% of OTA>1Mbps using alpha 0.75
	% of OTA>1Mbps using alpha 0.50
	% gain of FAE vs 0.75 for OTA>1Mbps
	% gain of FAE vs 0.50 for OTA>1Mbps

	5
	94.0
	92.1
	87.8
	2.0%
	7.1%

	10
	88.6
	86.4
	81.9
	2.5%
	8.1%

	20
	72.5
	70.5
	63.5
	2.8%
	14.1%

	30
	50.5
	50.5
	45.6
	0.0%
	10.7%


Table 2 – It shows the percentage of the UEs that have OTA throughput in SHO higher than 1Mbps for FAE, alpha = 0.75, and alpha = 0.50.  Also, it shows the gain of FAE vs alpha = 0.75 and alpha = 0.50.  See Fig. 12, 16, 20, and 23.
6.4 Simulation conditions

	Parameter
	Explanation/Assumption
	Comments

	Cellular layout
	Hexagonal grid, 3 sector per site, 12 sites with wrap-around, site to site distance 1Km
	The layout is rectangular and with wrap around, so that a UE in a boundary cell in the left receives interference also from cells on the right side.  UEs are distributed on every cell.

	Site correlation
	0.5
	

	Sector correlation
	1.0
	

	Total sector Tx power
	43 dBm = 20 W
	 

	CPICH power
	10% of sector power
	 

	HS-PDSCH power
	60% of sector power
	 

	Total DPCH power
	20% of sector power
	 

	Common channel power including HS-SCCH
	10% of sector power
	 

	Max. # of retransmissions
	15
	 

	HARQ scheme
	Chase combining, 6 processes
	

	Multipath model
	Ped A at 3 kmph
	

	Active set Add / Del threshold
	3 dB / 5 dB
	 

	Hysteresis margin for change of best cell
	2 dB
	 

	Size of active set
	3
	

	Processing time for update of active set
	250 ms
	 

	Processing time for change of best cell
	250 ms
	 

	CPICH measurement filter coefficient
	1 tap
	 

	Retransmission interval
	6 sub-frames (12 ms)
	 

	HS-PDSCH transmission delay with HS-SCCH
	2 slots
	 

	CQI reporting interval
	5 sub-frame
	 

	CQI measurement interval
	1 sub-frame
	 

	Delay between transmission and use of the CQI
	4 sub-frames
	 

	Scheduler
	Round robin
	 

	Number of HS-SCCH
	1
	 

	UE Class 
	10 code and support of 16QAM
	

	Transmission diversity
	TxAA mode 1
	

	Weight update 
	Progressive using FBI bits from each UE. 
	The first FBI is received at node-B to change the weight of the first slot of the HS-PDSCH.


Traffic Models for  HSDPA and DPCH

	Process
	Random Variable
	Parameters

	Packet Calls Size
	Pareto with cutoff
	Α=1.1, k=4.5 Kbytes, m=2 Mbytes, μ = 25 Kbytes

	Time Between Packet Calls
	Geometric
	Μ = 2 seconds

	Packet Size
	Segmented based on MTU size
	(e.g. 1500 octets)

	Packets per Packet Call
	Deterministic
	Based on Packet Call Size and Packet MTU

	Packet Inter-arrival Time
	Deterministic
	TCP/IP Slow Start 
(Fixed Network Delay of 100 ms)

	DPCH
	Circuit Switch
	DPCCH only.






































� Overall throughput means average for all UEs either in SHO or in single cell behavior.





