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1. Introduction
The motivation of system level study of fast switching proposal are the following.
· Although RAN1 decided to adopt closed loop mode 1 transmission diversity for HSDPA, NEC believes current solution is not optimised for soft-handover case.
· NEC/TML proposed a simple extension of current TxAA solution which optimises TxAA performance for HSDPA with reasonably small cost.
· After presenting the CR during last RAN1 meeting, it was concluded that further discussion is needed in RAN1 to verify the performance of fast swicthing.
Aim of this contribution is to investigate the system level benefit of fast switching in order to derive a harmonized RAN1 view on the proposal.
2. Benefits of Fast Switching Proposal
In this section, key benefits of the proposal are re-captured in order to catch key theme of this contribution. Full description of the proposal can be found in our previous contributions [1], [2] and [3].
1. Provision of seamless TxAA gain for SHO users. 
A. R99 TxAA solution incurs a loss of TxAA gain whenever UE enters SHO. 

B. FS can provide the seamless TxAA gain with a simple modification. 

2. Extension of HSDPA coverage 
A. Optimising TxAA performance at SHO regions, coverage of HSDPA can be extended especially providing benefits for stationary SHO UE (e.g. at home).

3. Reduction of downlink interference due to associated DPCH.

A. R4 TxAA solution is based on a fixed trade-off balancing gain of DPCH and HSDPA.
B. Fast Switching allows higher TxAA gain for both HS-DSCH and DPCH by time multiplexing which reduces the total downlink interference.

In the rest of this contribution, we quantify these improvements using system level simulation. 
3. System Level Performance Evaluation 
The following graphs show the statistics of the Received CQI. ‘Received CQI’ is defined as the CQI corresponding to the actual received SIR of the HS-PDSCH when the user is scheduled (ie. SIR measured during a received TTI). Therefore it is a measure of the channel quality that the user experiences when it is actually receiving data. The Received CQI is collected as a function of the active set size. The graphs below compare Received CQI for Alpha = 0.5 (blue), Alpha = 1.0 (green) and Fast Switching (red). The three pairs of lines correspond to active set size = {1, 2, 3}. As expected, Fast Switching gain appears when the user is in SHO. The gain is up to ~2dB at the lower end of the CQI scale. 
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Figure 1: Distribution of Received Channel Quality vs. Active Set Size
The following table 1 shows the OTA throughput vs. number of SHO branches.  Average OTA throughput is measured at each packet call at the given number of SHO branches. From table 1, the average OTA throughput for SHO cases were improved by 4.4% to 12.7% depending the number of SHO branches and the system loading while the OTA throughput remains almost unchanged for non-SHO cases. The following figure 2 summarises the results of table 1. 
	　
	SHO Branches
	1
	2
	3

	10 UE/cell
	%UE
	47%
	34%
	19%

	
	R99 -Mbps
	4.4421
	1.9663
	1.2221

	
	R4 - Mbps
	4.4925
	2.1689
	1.4348

	
	FS - Mbps
	4.519
	2.1344
	1.3776

	
	Gain %
	1.7304
	8.5479
	12.725

	20 UE/cell
	%UE
	47%
	34%
	19%

	
	R99 -Mbps
	3.4911
	1.2832
	0.7799

	
	R4 - Mbps
	3.452
	1.3812
	0.8714

	
	FS - Mbps
	3.4713
	1.358
	0.8578

	
	Gain %
	-0.5679
	5.8285
	9.9912

	30 UE/cell
	%UE
	44%
	36%
	20%

	
	R99 -Mbps
	3.0704
	1.0474
	0.6261

	
	R4 - Mbps
	3.0808
	1.1075
	0.6966

	
	FS - Mbps
	3.0667
	1.0935
	0.6795

	
	Gain %
	-0.1207
	4.4019
	8.5382


Table 1: OTA Throughput comparison of TxAA methods.
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Figure 2: Gain of Fast Switching in OTA Throughput vs. Active Set Size
The following figure 3 shows the improvement in DPCH transmission power thanks to fast switching as a function of number of SHO branches. The total cell level DPCH power reduction is shown in table 2.
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Figure 3: Average Ass. DPCH transmission power vs. Active Set Size

The following table 2 contains the summary of other global statistics for the case of our simulation without the discrimination between SHO and non-SHO regions.

	#UE 
/cell
	TxAA 

Method
	OTA
ThrPut
(bps)
	Service
ThrPut
(bps)
	System

ThrPut
(bps)
	User

Thrput

(bps)
	Utili-
sation
	AvPckt

Delay

(ms)
	MaxPkt 

Delay
(s)
	AvDPCH

TxPwr 
(mW)

	10

	R99
	2,886,218
	808,782
	763,591
	337,123
	28%
	595
	100.01
	24.88

	
	R4
	3,094,174
	809,543
	766,958
	338,338
	26.1%
	596
	115.2
	26.83

	
	FSw

(gain)
	3,064,483
6%
	816,344
0.09%
	773,226
1.2%
	333,249
-1.1%
	26.6%
5%
	611

-2%
	105.8

-5.7%
	24.28
9.5%

	20

	R99
	2,117,291
	1,517,905
	1,446,795
	281,344
	71.6%
	700
	130.85
	51.48

	
	R4
	2,196,896
	1,552,039
	1,479,857
	291,658
	70.6%
	682
	143.08
	58.33

	
	FSw
	2,176,082
2.8%
	1,553,502
2.3%
	1,475,736
2%
	288,770
2.6%
	71.3%
0.4%
	698
0.3%
	116.42
11%
	52.19
10.5%

	30

	R99
	1,871,499
	1,843,268
	1,764,192
	147,869
	98.4%
	1333
	209.51
	77.28

	
	R4
	1,941,105
	1,896,844
	1,814,483
	160,045
	97.7%
	1228
	186.37
	86.98

	
	FSw
	1,911,810
2%
	1,882,069
2%
	1,800,343
2%
	152,872
3.3%
	98.4%
0%
	1307

2%
	183.48

12.4%
	77.58

10.8%


Table 2: Comparative results for fast switching without separation between SHO and non-SHO regions.  The gains of Fast switching are vs. R99 except for the average TxPowr of DPCH which is vs. R4.
4. Conclusion
Summary of conclusions drawn from this contribution are:
· Average OTA throughput of SHO users is improved by 4.5 % to 12.7 %.
· Downlink interference due to total associated DPCHs is reduced by 9.5% to 10.8 %. 
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6. Annex

6.1. Assumptions for Fast Switching System Level Simulation
	Parameter
	Explanation/Assumption
	Comments

	Cellular layout
	Hexagonal grid, 1-sector sites, 12 sites
	 

	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
	 

	Fast HARQ scheme
	Chase combining
	6 Channel stop-and-wait

	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
	 

	Processing time for update of active set
	250 ms
	 

	Processing time for change of best cell
	250 ms
	 

	CPICH measurement filter coefficient
	1 taps
	 

	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 16QAM
	

	
	
	


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
 (closed-loop)
	Deterministic
	TCP/IP Slow Start 
(Fixed Network Delay of 100 ms)

	DPCH
	Circuit Switch
	DPCCH only.


TxAA Parameters

	Parameter
	Explanation/Assumption
	Comments

	TXAA mode
	Mode 1
	

	Feedback FBI errors
	0%
	

	Feedback FBI delay
	1 slot
	

	Weight update method 
	Progressive refinement
	

	SHO weight computation
	Fixed with alpha = [1.0, 0.5], fast switching
	

	Correlation between antennas
	0
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