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1 Introduction

Fast Cell Selection (FCS) can potentially increase the throughput of HSDPA. Among the possible FCS schemes, intra-Node-B cell selection is a simpler and more realistic approach that allows cell selection between different cells in the same Node-B. This can be achieved by selecting a sub-set of the active set consisting of cells from the same Node-B. With intra-Node-B cell selection, transmission-state synchronisation is not needed because all the information is available at the Node-B supporting the UE. Further enhancement to the intra-Node-B cell selection can be achieved by giving the Node-B control of the FCS process [1]. With this approach, the UE sends to the Node-B the channel quality indication for all cells in the active set that belongs to the Node-B. Based on these information and the total available power and code resources, the Node-B can schedule UEs across cells to achieve optimal performance.

In this contribution, the performance of Node-B controlled cell selection is shown and compared with the systems with either UE controlled cell selection or no FCS.

2 Simulation Results

The fast cell selection 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) [2].

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 [2] and is repeated in Appendix C 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 [3]). 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 [2], the following assumptions are made (other assumptions from TR are listed in Appendix B). 

· 30% power used by overhead channels

· Single path Rayleigh fading with 3km/hr and 30 km/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 cells (sectors) each equally covers 1/3 of the hexagon, with the antenna pattern shown in Appendix B. For the FCS schemes, the active set of a UE consists of all three cells belonging to the same Node-B. For the systems without FCS, a UE only receives from its primary cell determined by the geometry.

· 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.

The performance results shown in this section were generated with Max C/I scheduler. The Round Robin scheduling results are given in Appendix A.

2.1 System Performance with Balanced UE Distribution

In this section, the performances for a system with uniform UE distribution are provided. The performance comparison between FCS (Node-B controlled) and no FCS are shown in Figure 1, Table 2, Table 3 for 3km/h. Figure 2, Table 4, Table 5 show results for 30km/h. At 3km/h, FCS in general improves the packet call throughput by allowing the UEs to avoid the situation where the signal from the primary cell is experiencing deep fade. In Figure 1 it is shown that, with Node-B controlled cell selection, the number of UEs can be increased from 37 to 56, while roughly the same quality of service in terms of packet call throughput can still be maintained. This represents approximately 50% improvement in system capacity. However, at higher loads the gains from cell selection are smaller because the system is already benefiting from large multi-user diversity gains. For example, in Figure 1, 100UEs CDF with cell selection roughly matches to 75 UEs CDF without cell selection. This represents roughly 33% improvement in system capacity. At 30km/h, the feedback delay renders the cell selection not fast enough, and the FCS gain vanishes. With balanced UE distribution, the UE controlled cell selection (not shown) performs similarly to the Node-B controlled cell selection, due to the fact that the traffic load is already balanced.
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Figure 1: Packet call throughput comparison at 3km/h for Node-B controlled cell selection and no cell selection.

Table 2: Throughputs for the case of 3km/h without cell selection.

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

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

	12
	1587.4
	1607.9
	448.5
	0.292
	1.556

	37
	1501.2
	1906.3
	1336.1
	0.706
	1.555

	56
	1414.0
	2280.2
	1995.1
	0.876
	1.486

	75
	1334.4
	2731.2
	2627.1
	0.962
	1.398

	100
	1234.9
	3418.5
	3406.2
	0.996
	1.2662


Table 3: Throughputs for the case of 3km/h with Node-B controlled cell selection.

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

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

	12
	1697.3
	1610.9
	436.5
	0.279
	1.545

	37
	1585.2
	1738.8
	1355.7
	0.784
	1.721

	56
	1492.1
	2081.1
	1997.7
	0.960
	1.630

	75
	1417.6
	2634.0
	2628.2
	0.997
	1.45

	100
	1318.2
	3384.8
	3384.5
	0.999
	1.272
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Figure 2: Packet call throughput comparison at 30km/h for Node-B controlled cell selection and no cell selection.

Table 4: Throughputs for the case of 30km/h without cell selection.

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

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

	12
	1499.4
	1436.0
	431.4
	0.309
	2.000

	37
	1324.8
	1735.4
	1302.6
	0.754
	2.092

	56
	1229.6
	2108.7
	1939.7
	0.921
	2.112

	75
	1109.1
	2537.2
	2512.9
	0.990
	2.118

	100
	988.7
	3097.4
	3095.7
	0.999
	2.078


Table 5: Throughputs for the case of 30km/h with Node-B controlled cell selection.

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

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

	12
	1425.5
	1296.1
	444.7
	0.359
	2.288

	37
	1338.9
	1542.3
	1306.9
	0.849
	2.391

	56
	1222.7
	1939.4
	1924.7
	0.992
	2.348

	75
	1124.6
	2550.8
	2550.8
	0.999
	2.207

	100
	999.8
	3123.1
	3123.1
	1
	2.145


2.2 System Performance with Unbalanced UE Distribution

When the system load is unbalanced, the Node-B controlled cell selection can outperform the UE controlled cell selection (based only on the channel qualities seen at the UE) through joint consideration of channel quality feedbacks, system loads, and available resources. In this section, an unbalanced situation where the UEs population concentrates geographically only in one of the three cells (i.e., in 1/3 of the hexagon) is considered. The performance comparison between Node-B controlled and UE controlled cell selection at 3km/h are shown in Figure 3, Table 6 and Table 7. Since the Node-B controlled cell selection considers both channel quality indication feedbacks and cell loads when scheduling, its performance in terms of average packet call throughput is better than that of the UE controlled cell selection. By matching the packet call throughput CDF curves of the Node-B controlled and UE controlled cell selection with 75 UEs and 66 UEs, respectively, the superiority of Node-B controlled cell selection translates into about 13% increase in the system capacity.
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Figure 3: Packet call throughput comparison at 3km/h for Node-B controlled and UE controlled cell selection.

Table 6: Average throughputs per cell for the case of 3km/h with Node-B controlled cell selection.

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

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

	12
	1591.51
	1416.822
	429.9174
	0.318185
	1.767816

	37
	1419.665
	1534.899
	1325.485
	0.868565
	1.898719

	56
	1260.196
	1905.254
	1901.039
	0.997782
	1.677249

	75
	1128.707
	2442.475
	2442.466
	0.999996
	1.491566

	100
	971.5863
	3006.632
	3006.632
	1
	1.386004


Table 7: Average throughputs per cell for the case of 3km/h with UE controlled cell selection.

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

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

	12
	1620.528
	1842.752
	442.8183
	0.247844
	1.484517

	37
	1377.926
	2250.723
	1319.343
	0.591468
	1.468311

	56
	1211.701
	2474.092
	1891.509
	0.766171
	1.427294

	66
	1121.817
	2566.813
	2166.101
	0.844795
	1.417691

	75
	1065.942
	2681.727
	2417.706
	0.902333
	1.4177

	100
	924.2132
	3023.887
	2945.072
	0.974192
	1.404116


3 Conclusions

Fast cell selection helps avoiding deep fade situation, hence can improve the HSDPA performance. At 3km/h, depending on the system load, FCS can improve the system capacity by 33-50%, while still maintaining the same quality of service. At 30km/h, due to the long feedback delay as compared to the coherence time, the FCS advantage vanishes. When intra-Node-B cell selection is considered, the system capacity under load imbalance situation can be improved by 13% by giving Node-B control of the FCS process. The gains of Node-B controlled cell selection can even be larger with more realistic bursty traffic models. As described in [1], Node-B controlled cell selection provides a simpler solution compared to inter-Node-B cell selection and requires minimum changes in the specifications.
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5 Appendix A: Performance with Round Robin Scheduler

With Round Robin scheduler, Node-B controlled cell selection is not different from UE controlled cell selection because there is no peak-picking at the Node-B. By matching the CDF of the Node-B controlled cell selection with 46 UEs and the CDF of no FCS with 37 UEs in Figure 4, the gain of FCS with Round Robin scheduling under 3 km/h mobile speed is about 24%, which is smaller than in the Max C/I scheduling case. With 30 km/h mobile speed, the system with FCS performs worse than without FCS. This is due to the fact that, without FCS, the primary cell already gives the best average C/I, hence the best performance with Round Robin scheduler. While with FCS, due to the outdated channel quality indication, the average C/I may actually be worse.
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Figure 4: Packet call throughput comparison at 3km/h for Node-B controlled cell selection and no cell selection.

Table 8: Throughputs for the case of 3km/h without cell selection.

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

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

	12
	1438.9
	1441.7
	433.1
	0.308
	1.909

	37
	1096.5
	1742.1
	1287.7
	0.741
	1.861

	56
	775.1
	1991.9
	1814.6
	0.912
	1.824

	75
	413.5
	2139.4
	2117.8
	0.990
	1.811


Table 9: Throughputs for the case of 3km/h with Node-B controlled cell selection.

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

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

	12
	1529.7
	1614.7
	435.5
	0.279
	1.812

	37
	1265.2
	1916.4
	1311.7
	0.688
	1.749

	46
	1112.9
	1999.4
	1617.9
	0.811
	1.754

	56
	895.9
	2116.8
	1935.1
	0.916
	1.755

	75
	448.7
	2403.6
	2394.1
	0.996
	1.723
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Figure 5: Packet call throughput comparison at 30km/h for Node-B controlled cell selection and no cell selection.

Table 10: Throughputs for the case of 30km/h without cell selection.

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

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

	12
	1408.2
	1511.4
	414.3
	0.282
	2.084

	37
	987.3
	1685.6
	1257.4
	0.751
	2.086

	56
	592.4
	1838.7
	1719.5
	0.937
	2.039

	75
	289.7
	1985.7
	1974.2
	0.994
	1.950


Table 11: Throughputs for the case of 30km/h with Node-B controlled cell selection.

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

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

	12
	1358.6
	1392.2
	439.9
	0.328
	2.353

	37
	908.5
	1581.3
	1296.4
	0.824
	2.380

	56
	481.6
	1839.6
	1801.1
	0.980
	2.269

	75
	181.2
	1994.7
	1994.6
	1.0
	2.173


6 Appendix B: 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 6
	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
	normalized Max C/I
	

	Specify Fast Fading model
	Jakes spectrum
	Generated e.g. by Jakes or Filter approach 
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Figure 6: Antenna Pattern

The fundamentals of the data-traffic model are captured in Table 14 below.

Table 14 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)


7 Appendix C: 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 7 An Illustration of MCS selection with [6 3 2 0] aggressiveness
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