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1.0 Introduction

In HSDPA, the ACK/NACK message is transmitted on the uplink with a power offset ΔPAN for ACK and ΔPNAN for NACK relative to the Release '99 uplink DPCCH.  The power offset ΔPAN and ΔPNAN is a higher-layer parameter. The UE shall repeat the transmission of the ACK/NACK information over N_acknack_transmit consecutive HS-DPCCH
 sub-frames, in the slots allocated to the HARQ-ACK. When N_ acknack_transmit is greater than one, the UE shall not attempt to receive nor decode transport blocks from the HS-PDSCH in HS-DSCH sub-frames n + 1  to n + (N_acknack _transmit - 1) where n is the number of the last HS-DSCH sub-frame in which a transport block has been received.  In this contribution, the effect of scheduling delays due to ACK/NACK repetition on HSDPA sector throughput performance is evaluated using system simulator.

2.0 Effect on Capacity due to ACK/NACK Repetition

Table 1 below shows HSDPA system throughput statistics for different loading levels with N_acknack_transmit set to 0, 2 and 4 respectively for the case when all the users use repetition and when only the users in soft-handoff use repetition.  The Equal Average Power scheduler is used in the simulation along with the ETSI web browsing traffic model. The simulation assumptions are given in Annex A and B.  It may be observed from the table that when all users have N_acknack_transmit = 2 there is an obvious degradation in both service and packet call throughput.  For the  N_acknack_transmit = 2 and 4 case for soft-handoff users only there is only a very slight degradation trend in terms of aggregate and average packet call throughput at the lighter load (50ue/sector) since users in soft-handoff are more likely to be scheduled and more likely to  be scheduled consecutively.  For the N_acknack_transmit = 2 heavier load (75ue/sector) there is no packet call degradation since soft-handoff users are scheduled less often and are less likely to be consecutively scheduled.  Trends in the sector throughput appear insignificant (around 1% or less) and independent of the load.

Table 1
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Service | Avg PktCall| Agg PktCall <16k/32K/64k/128K/384K/M | >102 / >0 | rqd | (4.25/4.54.75/16.5/16.625/16.75)
(bps) (bps) (bps) (k) () ) ()
O0ue/sector, baseline |1,560 468| 403,727 | 158,211 01/01/01/04/15/65/96| 05/64 | 10.4 |23.3/23.0/305/162/156/106
O75uefsector, baseline_|2,018,183| 263327 | 67.008 04/06/10/27/56/89/98| 02/03 | 356 |10.6/19.5/29.0/15.1/135/07.1
O0uefsector, rep=2,all |1539,077| 251,893 | 110715 01/01/02/09/33/87 /99| 06/10 | 151 |221/257/33.0/17.0 /2057130
O75uefsector, rep=2,all_|1918871| 168745 | 48492 04/06/13/39/71/96/100] 03/03 | 400 [10.8/21.8/308/14.8/17.8/098
O0uefsector, rep=2 sho |1,573810( 397 676 | 153,833 01/01/01/05/18766/9 | 05/62 | 107 |23.2/23.0/303/16.2/164/095
O75uefsector, rep=2 sho |1.992,143| 254164 | 58914 04/05/10/28/55/88/98| 02704 | 342 [11.0/19.8/29.2/15.4/139/07.5
O0uefsector, rep=4,sho |1,570,202 4015670 | 162519 01/01/01/05/18/66/95| 05/64 | 108 |23.1/23.1/30.4/162/166/108
075ue/sector, rep=4.sho |1988875| 256460 | 57796 04/06/11/27/64/89/98| ©02/04 | 347 |11.0/199/293/150/135/089





3.0 Conclusions

It was shown through system simulation that if repetition is always used for Ack/Nack transmission, there is a significant degradation (approx 40%) on average packet call throughput.  However, if repetition is used only in the SHO region there is only marginal degradation in the throughput statistics for lightly loaded case and no degradation for the heavily loaded case. 
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ANNEX A

Traffic and Channel models for System Simulation

Table A1 below shows the data-traffic model parameters for the modified ETSI model [3,4]. 

Table A1 Data-traffic model parameters for modified ETSI model

	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)
	Deterministic
	μ = MTU size /peak link speed 

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


The Fractional Recovered Power (FRP) for ITU models given raised cosine filtering for a WCDMA channel are given in Table A2. FURP shall contribute to the interference of the finger demodulator outputs as an independent fader.

Table A2 Fractional Recovered Power and Delay for each multi-path channel model
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Pedestrian A

-0.22

0.125

Pedestrian B

-3.39

-8.63

-8.45

-11.61

-11.74

0.125

1.375

3.250

4.750

9.000

Vehicular A

-3.17

-4.07

-11.19

-13.01

0.125

1.375

2.875

4.250

FRP for each ray (dB)

Delay for each ray (Tc)


ANNEX B

System Simulation Assumptions

The following parameters related to HSDPA features were used:

· MCS selection based on CPICH measurement (RSCP/ISCP)

· MCS update rate: once per 3 slots

· CPICH measurement transmission delay: 3 slots   

· Selected MCS can be applied after 3 slot delay upon receiving measurement report

· Std. dev. of CPICH measurement error: 0

· CPICH measurement rate: once per 3 slots (sampling is 0.67ms, IIR filter sampled once per 3 slots using IIR filter with coefficient of 0.2 (new data weighted by 0.8)) 
· CPICH measurement report error rate: 0 %

· Frame length for fast HARQ: TTI length = 2.00ms

· Fast HARQ feedback error rate: 0%

· Channel Model: multi-path models (PedA, PedB, VehA) described in Annex B. 

· Maximum C/I scheduler (see [3]) .

· Modified ETSI Call model (see [3]) .

· Throughput measurements are for center cell.

· Packet inter-arrival time was 6ms.

· Note when control channels were not dynamically modeled and a fixed overhead of 10% was assumed in terms of required power.  (See Table A1)

· The modulation and encoding rates assigned were QPSK R=1/4, ½, ¾, and 16QAM R=1/2, 5/8 , ¾.
· Ack/Nack repetition modeled by inserting N_ acknack_transmit scheduling delay.
Basic system level parameters:

The basic system level simulation parameters are listed in Table B1 [3] below.

Table B1. Basic system level simulation assumptions.

	Parameter
	Explanation/Assumption
	Comments

	Cellular layout
	Hexagonal grid, 3-sector sites
	19 sites

	Site to Site distance
	2800 m
	

	Antenna pattern
	As proposed in [3]
	Only horizontal pattern specified

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

	CPICH power
	-10 dB
	

	Other common channels
	- 10 dB
	

	Power allocated to HSDPA transmission, including associated signaling
	Control channels are explicitly simulated in which case up to 80% of total power is possible.
	

	Slow fading
	Similar to UMTS 30.03, B 1.4.1.4 
	

	Std. deviation of slow fading
	8.0 dB 
	

	Correlation between sectors
	1.0
	

	Correlation between sites
	0.5
	

	Correlation distance of slow fading
	50 m   
	See D,4 in UMTS 30.03.

	Carrier frequency
	2000 MHz
	

	BS antenna gain
	14 dB
	

	UE antenna gain
	0 dBi
	

	UE noise figure
	9 dB
	

	Max. # of retransmissions
	15
	Retransmissions by fast HARQ


	Fast HARQ scheme
	IR combining
	Dual stop-and-wait

	BS total Tx power
	42.3 dBm
	

	Active set size
	Up to 3
	Maximum size

	Specify Fast Fading model
	Jakes spectrum
	Generated by Filter approach 

	UE receiver type
	Rake
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