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1 Introduction

Fast cell selection (FCS) is being considered for HSDPA and its performance has been studied extensively [3]-[6]. In general, it was shown that FCS improves the throughputs for UEs in soft handoff regions. Among the FCS alternatives, intra Node-B FCS is more likely to be implemented than inter Node-B FCS due to lower signalling overhead [7]. In [5], it was shown that, while inter Node-B FCS brings a significant performance gain, intra Node-B FCS only improves the performance slightly due to very small overlap (soft handoff) regions between sectors. On the other hand, a significant gain was obtained with intra Node-B FCS in [6] by always allowing FCS among all the three sectors within the same Node-B.

Since the size of the soft handoff region depends on the “add” threshold for forming the active set, in this contribution the dependence of the intra Node-B FCS performance on the add-threshold is investigated. The add-threshold determines the difference between the average C/I of the primary cell and that of the weakest cell in the same active set. It is shown that the FCS performance depends on the add-threshold which may account for the discrepancy between the results in [5] and [6]. The dependence of FCS performance on the add-threshold also suggests that the cell site diversity enabled by fast fading is significant even for sectors within the same Node-B, and the FCS should operate with as many cells as possible in the active set.

2 Simulation Results

The simulations are performed using the HARQ scheme based on asynchronous, adaptive, incremental redundancy (A2IR). The system design is based on the rate table shown in Table 1. All results assume HS-DSCH subframe size of 2ms (3 slots) [1].

Table 1: Data Rate and MCS table.  Channelisation codes are of SF=16.  The cells marked “X” correspond to non self-decodable transmissions and may be used only for retransmission.

	Number of Codes
	Modulation and Coding Schemes

	
	1280 bits code block
	2560 bits code block
	3840 bits code block
	5120 bits code block
	7680 bits code block
	11520 bits code block
	15360 bits code block

	
	640 Kbps
	1280 Kbps
	1920 Kbps
	2560 Kbps
	3840 Kbps
	5760 Kbps
	7680 Kbps

	10
	QPSK, 0.13
	QPSK, 0.27
	QPSK, 0.4
	QPSK, 0.53
	QPSK, 0.8
	16QAM, 0.6
	16QAM, 0.8

	8
	QPSK, 0.17
	QPSK, 0.33
	QPSK, 0.5
	QPSK, 0.67
	16QAM, 0.5
	16QAM, 0.75
	X

	6
	QPSK, 0.22
	QPSK, 0.44
	QPSK, 0.67
	16QAM, 0.44
	16QAM, 0.67
	X
	X

	4
	QPSK, 0.33
	QPSK, 0.67
	16QAM, 0.5
	16QAM, 0.67
	X
	X
	X

	2
	QPSK, 0.67
	16QAM, 0.67
	X
	X
	X
	X
	X


Data rate and MCS selection from the rate table may be performed in multiple ways. These are

a) C/I Based Selection: Based on the number of codes available and the data backlog, the best MCS that can be supported is selected. User’s backlog may be rounded up to the nearest code block size via padding or data may be segmented. 

b) Code Block Based Selection: The code block size is first selected to match the backlog, always rounding up to the nearest code block size. If the data backlog exceeds the largest code block size, then the largest code block size is selected and the data is segmented accordingly. The number of codes available determines the row below which selection in the rate table is possible. For example, if code block size of 5120 bits is selected and there are 8-codes available, then rows 2-4 in the rate table may be selected. (Note that Row 5 is disallowed except for retransmission with A2IR). If a suitable MCS cannot be found in that column, then the next lower code block size is searched in a similar fashion. This continues until the appropriate code block and MCS are picked. 

For A2IR scheme, MCS and number of codes may be selected both for first transmission as well as retransmission. The first transmission of code blocks is always self-decodable, but retransmissions are not necessarily self-decodable.  If a retransmission corresponds to one of the entries marked “X” in the rate table, then the retransmission is not self-decodable. For such retransmissions, only QPSK modulation is used and the code rate is selected appropriately. The notion of aggressive factors in the selection of MCS was introduced in [1] and is repeated in Appendix B for convenience. 

The throughput metrics used viz. Over-The-Air (OTA) Throughput, Service Throughput and Packet Call Throughput are as defined in the TR (see [2]). In addition, the cumulative distribution function (CDF) of the UE packet call throughput is also provided as a measure of quality of service.

As used in [1], the following assumptions are made (other assumptions from TR are listed in Appendix A). 

· 30% power used by overhead channels

· Single path Rayleigh fading with 3km/hr speeds.

· Fractional Recovered Power (FRP) is 0.98

The following additional assumptions are made in obtaining the simulation results:

· A Node-B covers a hexagon and consists of three sectors each equally covers 1/3 of the hexagon, with the antenna pattern shown in Appendix A. For the FCS schemes, the active set of a UE consists of the primary sector which has the strongest geometry, and all other sectors within the same Node-B with their average C/I within add-threshold of the C/I of the primary sector. For the systems without FCS, a UE only receives from its primary sector.

· No limit on maximum number of retransmissions.

· Results do not count padding into the throughput (i.e. only information bits count towards throughput).

· Channel quality measurement and ACK/NACK feedback are error-free.

· The channel quality feedback delay is assumed to be 6 slots and the ACK/NACK delay is assumed to be 3 slots.

· Both Max C/I and Round Robin schedulers are used.

· Code multiplexing of users is allowed.

The adaptive scheme uses link quality feedback valid during previous transmissions of a data block to obtain an estimate of the aggregated energy for that data block at the receiver. That information is used in conjunction with the most recent link quality feedback to determine the MCS and number of codes for retransmission. This adaptive scheme attempts to pick the MCS and number of codes to fulfill the residual energy required for the data block to be successful with high probability. For example, for a given MCS, suppose we need Eb/No of 1 (= 0 dB) for successful decoding. If Eb/No from earlier transmissions is 9/10, then we need only 1/10 (= -10 dB) more. The MCS and number of codes for retransmission can be selected to provide just the required energy (= -10 dB) under the current channel conditions. Multiple simultaneous transmissions to a UE are disallowed. The aggression factors are 1dB for QPSK and 0 dB for 16-QAM. No aggressive factor is used for retransmissions.

2.1 System Performance

The system performances for both Round Robin and Max C/I scheduling are compared at 3km/h mobile speed. At high mobile speed FCS does not improve the system performance [6]. For each scheduling scheme, the following systems were considered: no FCS, FCS with infinite add-threshold, and FCS with 15dB, 9dB, and 3dB add-threshold. With infinite add-threshold, every UE always has all three sectors in its active set. While a UE may have one to three sectors in it active set if the add-threshold is finite.

From the results shown in this section, it is clear that FCS improves the system performance. The FCS performance depends on the add-threshold which affects the sizes of the soft handoff region and the UEs’ active sets. With a small add-threshold the number of UEs having more than one sector in the active set is small and the resultant system performance could be quite similar to that of no FCS in some situations.
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Figure 1: Packet call throughput comparison at 3km/h for RR scheduling.

Table 2: Throughputs for the case of 3km/h with RR and without FCS.

	Number of UEs/Cell
	Pkt. Call Tput (Kbps)
	OTA

(Kbps)
	Service Tput (Kbps)
	Utilization
	Ave. num of TX per success

	12
	1479.14
	1557.662
	432.6043
	0.280451
	1.488777

	37
	1136.629
	1830.248
	1319.232
	0.724254
	1.551929

	56
	798.1681
	2014.993
	1823.456
	0.907167
	1.559245

	75
	481.9623
	2221.997
	2182.399
	0.982626
	1.538553

	100
	242.713
	2452.645
	2448.116
	0.998145
	1.509583


Table 3: Throughputs for the case of 3km/h with RR and FCS (active set always has 3 sectors).

	Number of UEs/Cell
	Pkt. Call Tput (Kbps)
	OTA

(Kbps)
	Service Tput (Kbps)
	Utilization
	Ave. num of TX per success

	12
	1559.485
	1604.118
	431.4222
	0.282022
	1.535762

	37
	1276.79
	1897.175
	1312.277
	0.696935
	1.501267

	56
	946.8876
	2143.478
	1929.471
	0.902191
	1.506741

	75
	482.3147
	2432.731
	2415.672
	0.993308
	1.489629

	100
	202.5738
	2713.326
	2713.302
	0.999992
	1.463589


Table 4: Throughputs for the case of 3km/h with RR and FCS (add-threshold = 15dB).

	Number of UEs/Cell
	Pkt. Call Tput (Kbps)
	OTA

(Kbps)
	Service Tput (Kbps)
	Utilization
	Ave. num of TX per success

	12
	1605.479
	1700.966
	429.998
	0.259737
	1.49852

	37
	1262.542
	1923.027
	1337.936
	0.698855
	1.500551

	56
	890.2172
	2136.205
	1944.086
	0.911142
	1.519072

	75
	497.7449
	2412.653
	2393.54
	0.992255
	1.48619

	100
	195.4895
	2663.976
	2663.97
	0.999998
	1.4577


Table 5: Throughputs for the case of 3km/h with RR and FCS (add-threshold = 9dB).

	Number of UEs/Cell
	Pkt. Call Tput (Kbps)
	OTA

(Kbps)
	Service Tput (Kbps)
	Utilization
	Ave. num of TX per success

	12
	1559.735
	1635.573
	434.699
	0.272142
	1.490815

	37
	1249.219
	1922.476
	1323.708
	0.694537
	1.501988

	56
	881.8431
	2141.555
	1933.851
	0.903996
	1.498134

	75
	475.2261
	2377.334
	2356.495
	0.991395
	1.496099

	100
	207.8485
	2688.5
	2688.496
	0.999998
	1.450697


Table 6: Throughputs for the case of 3km/h with RR and FCS (add-threshold = 3dB).

	Number of UEs/Cell
	Pkt. Call Tput (Kbps)
	OTA

(Kbps)
	Service Tput (Kbps)
	Utilization
	Ave. num of TX per success

	12
	1532.461
	1576.87
	444.0796
	0.292038
	1.544121

	37
	1171.464
	1829.223
	1306.859
	0.718438
	1.551059

	56
	868.8795
	2107.115
	1880.462
	0.895119
	1.521462

	75
	472.3508
	2288.059
	2258.239
	0.9871
	1.519343

	100
	223.6903
	2571.316
	2571.087
	0.999912
	1.477736
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Figure 2: Packet call throughput comparison at 3km/h for Max C/I scheduling.

Table 7: Throughputs for the case of 3km/h with Max C/I and without FCS.

	Number of UEs/Cell
	Pkt. Call Tput (Kbps)
	OTA

(Kbps)
	Service Tput (Kbps)
	Utilization
	Ave. num of TX per success

	12
	1587.488
	1607.934
	448.5268
	0.292503
	1.556579

	37
	1501.297
	1906.305
	1336.109
	0.706559
	1.555659

	56
	1414.017
	2280.276
	1995.166
	0.876651
	1.486746

	75
	1334.449
	2731.297
	2627.104
	0.962192
	1.39873

	100
	1234.902
	3418.571
	3406.263
	0.99645
	1.266247


Table 8: Throughputs for the case of 3km/h with FCS and Max C/I (active set always has 3 sectors).

	Number of UEs/Cell
	Pkt. Call Tput (Kbps)
	OTA

(Kbps)
	Service Tput (Kbps)
	Utilization
	Ave. num of TX per success

	12
	1665.99
	1610.084
	433.4437
	0.274527
	1.561974

	37
	1583.587
	2002.796
	1342.392
	0.67732
	1.520917

	56
	1476.339
	2274.366
	2007.076
	0.884205
	1.498184

	75
	1426.951
	2701.221
	2599.566
	0.962392
	1.408626

	100
	1307.186
	3381.615
	3373.183
	0.997532
	1.271283


Table 9: Throughputs for the case of 3km/h with FCS and Max C/I (add-threshold = 15dB).

	Number of UEs/Cell
	Pkt. Call Tput (Kbps)
	OTA

(Kbps)
	Service Tput (Kbps)
	Utilization
	Ave. num of TX per success

	12
	1656.685
	1719.62
	441.8611
	0.26003
	1.459005

	37
	1529.4
	1915.35
	1326.254
	0.694982
	1.542591

	56
	1454.902
	2317.202
	1998.276
	0.863878
	1.47955

	75
	1379.218
	2694.188
	2598.348
	0.964693
	1.430565

	100
	1286.913
	3411.08
	3405.022
	0.99821
	1.299849


Table 10: Throughputs for the case of 3km/h with FCS and Max C/I (add-threshold = 9dB).

	Number of UEs/Cell
	Pkt. Call Tput (Kbps)
	OTA

(Kbps)
	Service Tput (Kbps)
	Utilization
	Ave. num of TX per success

	12
	1639.734
	1672.442
	429.2493
	0.265955
	1.511805

	37
	1519.427
	1963.377
	1331.176
	0.679985
	1.521072

	56
	1454.28
	2307.771
	2005.304
	0.870165
	1.497005

	75
	1363.786
	2720.65
	2608.992
	0.959396
	1.418077

	100
	1265.928
	3388.441
	3377.547
	0.996792
	1.300342


Table 11: Throughputs for the case of 3km/h with FCS and Max C/I (add-threshold = 3dB).

	Number of UEs/Cell
	Pkt. Call Tput (Kbps)
	OTA

(Kbps)
	Service Tput (Kbps)
	Utilization
	Ave. num of TX per success

	12
	1559.369
	1490.026
	431.2288
	0.295723
	1.576718

	37
	1477.721
	1838.003
	1337.001
	0.730038
	1.599445

	56
	1415.03
	2336.113
	2030.625
	0.869995
	1.480457

	75
	1341.232
	2776.457
	2650.881
	0.955277
	1.404968

	100
	1254.552
	3408.025
	3387.471
	0.994016
	1.293226


3 Conclusions

FCS improves the system performance by providing cell site diversity. Due to fast fading, the cell site diversity can be significant even when not all cells in the active set have high geometry. In this contribution we investigated the intra Node-B FCS performance with various add-thresholds which control the active set size the FCS operates with. It was shown that the FCS gain becomes larger when the add-threshold is larger. This result suggests that FCS should operate with as many cells in the active set as possible.
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5 Appendix A: Simulation parameters

The system level simulation parameters are listed in Table 12 below.

Table 12 Basic system level simulation assumptions.
	Parameter
	Explanation/Assumption
	Comments

	Cellular layout
	Hexagonal grid, 3-sector cell sites
	

	Site to Site distance
	2800 m
	

	Antenna pattern
	As shown in Figure 3
	Only horizontal pattern specified

	Propagation model
	L = 128.1 + 37.6 Log10(R)
	R in kilometers

	CPICH power
	-10 dB
	

	Other common channels
	- 10 dB
	

	Power allocated to HSDPA transmission, including associated signaling
	Max. 70 % of total cell power
	

	Slow fading
	As modeled in UMTS 30.03, B 1.4.1.4
	

	Std. deviation of slow fading
	8 dB
	

	Correlation between sectors
	1.0
	

	Correlation between sites
	0.5
	

	Correlation distance of slow fading
	50 m
	

	Carrier frequency
	2000 MHz
	

	BS antenna gain
	14 dB
	

	UE antenna gain
	0 dBi
	

	UE noise figure
	9 dB
	

	Max. # of retransmissions
	Specify the value used
	Retransmissions by fast HARQ


	Fast HARQ scheme
	A2IR
	

	BS total Tx power
	Up to 44 dBm
	

	Active set size
	3
	Maximum size

	Frame duration
	2.0 ms
	

	Scheduling
	Max C/I and Round Robin
	

	Specify Fast Fading model
	Jakes spectrum
	Generated e.g. by Jakes or Filter approach 
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Figure 3: Antenna Pattern

The fundamentals of the data-traffic model are captured in Table 13 below.

Table 13 Data-traffic model parameters

	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 = 5 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

 (open- loop)
	Geometric
	μ = MTU size /peak link speed 

(e.g. [1500 octets * 8] /2 Mb/s = 6 ms)

	Packet Inter-arrival Time

 (closed-loop)
	Deterministic
	TCP/IP Slow Start 

(Fixed Network Delay of 100 ms)


Appendix B: MCS Selection and Aggressiveness

The aggressive factor [w x y z] indicates w dB aggressiveness for QPSK, x dB for 8-PSK, y dB for 16-QAM and z dB for 64QAM. As an example, assume 7680 bits code block has been selected. If a, b, c, d and e represent the SNR required to maintain 1% BLER for MCS 1 (QPSK, 0.16), 2 (QPSK, 0.48), 3 (QPSK, 0.8), 4 (8PSK, 0.8) and 5 (64QAM, 0.8), respectively, the SNR is partitioned into five regions: (-(,b-w], (b-w, c-w], (c-w, d-x], (d-x, e-z] and (e-z,(). These regions correspond to the SNR ranges where the MCS 1, 2, 3, 4 and 5 will be chosen respectively.
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Figure 4 An Illustration of MCS selection with [6 3 2 0] aggressiveness
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