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Introduction

We present a short replication for Lucent’s results (see [1]) promoting that STTD does not perform with HSDPA assumptions (even negative gains were reported). Our time-variable system simulations show clearly that the link level gain is properly proportional to the system gain.

Simulation assumptions

The simulated cell layout is a hexagonal cell grid with 18 sectors. The site-to-site distance is 2 800 m. The assumed channel model is single-tap channel, which is Rayleigh faded. Some detailed simulation assumptions are listed in Table 1. 

The AMC selection is done in the simulations based on the DSCH Eb/Io measurements. The AMC selection delay is 0 TTIs. The selection is based on look-up tables produced by link level simulations. All 15-code choices are available for all the MCSs. The DCH bitrate is set to 1 kbps to minimize its effect and to concentrate the traffic on the DSCH.
In the simulations, there is a number of possible users in the simulation area, called subscribers. There is a certain probability, that a packet session is generated to a subscriber. This probability is given with the parameter packet session arrival rate (see Table 1). The number of simultaneous users in the system is also limited by the availability of the DCH and the queue size. Thus, the number of users is not kept constant. When the user gets a DCH, it starts to queue to the DSCH. The DSCH allocation is done on Round Robin basis. The packet traffic parameters corresponding to the generation of the packet calls and packets within the packet session are modified to correspond to the ones presented in [2].
	 Parameter
	Explanation/Assumption
	Comments

	Cellular layout
	Hexagonal cell grid
	

	Cell radius
	933 m
	Corresponds to the site-to-site distance of 2 800 m defined in [2] for common system simulation assumptions.

	Air interface data rate
	1 kbps (DCH) and 240, 360, 480, 720 kbps (DSCH in AMC with 1 code, with multicodes the bitrates are multiples of these)
	DSCH bitrate is different for different modulation and coding schemes (MCSs)

	UE speed
	3 kmph
	Constant speed.

	Max. number of re-transmissions
	10
	Maximum number of retransmissions in the H-ARQ scheme.

	H-ARQ scheme
	Chase combining scheme 
	

	FER-threshold for downlink packet bearers
	50%
	This is used in defining the threshold SIRs for the MCS selection.

	Active set size
	3
	The maximum size of the active seet for the UE in soft handover

	TTI length
	2.0 ms
	

	AMC update delay
	0 TTIs
	

	Number of subscribers
	50 000
	The users to whom a packet session is possible to be generated over the whole simulation area.

	Packet session arrival rate
	0.001389/sec
	corresponds to 5 calls/hour

	The used modulation and coding schemes
	QPSK R=½, QPSK R=¾, 16QAM R=½, 16QAM R=¾ 
	

	Packet scheduler
	Round Robin scheduler
	The retranmsmissions are not prioritized in the scheduling.


Table 1 System simulation assumptions.

Results

Lucent reports the following in [1]:

	
	0 slot delay
	7 slot delay

	(1,1)
	4.95 (0.0)
	4.12 (0.0)

	(2,1) STTD
	4.61 (-6.9)
	3.98 (-3.4)


Table 2 Average sector throughput for 40 users per sector in Mbps
(percentage change with respect to (1,1))

So according to Lucent the performance of STTD is even worse than the performance of one antenna solution.

Our link performance of STTD with AMC and HARQ (chase) in 1-path channel and 3km/h is the following: 
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Throughput of STTD & 1-antenna transmission as a function of G

Next, the system simulations results for the macro environment concentrating on the effects of STTD are presented. In  Table 3 it can be seen, that STTD is giving a reasonable gain. Also, the observed average transfer delays
 of the individual packets within a packet call are about 22% shorter with STTD (compared to 1-1 case). Hence in the STTD case, more users can be admitted to the system. In the case with and without STTD the utilization percentage of the DSCH channel is rather similar, but in the case of STTD, higher number of users can be served at the same time and thus more bits are delivered on the DSCH.

	Case
	No STTD
	STTD

	The average DSCH bitrate in [kbps/cell/MHz]
	280.669
	362.291


Table 3 The system simulation results.

The average DSCH bitrate R [kbps/cell/MHz] is used to study the network throughput, and is measured as 
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where b is the total number of correctly transmitted bits by DSCH from all base stations in the simulated system over the whole simulated time, k is the number of cells in the simulation, T is the simulated time B is the bandwidth [5 MHz]. 

Conclusion

Using STTD we got some 29% system gain compared to 1-1 case in the DSCH average bitrate with the simulated scenario. Also, the transfer delays were shortened by about 22% when STTD was used.
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� Transfer delay [ms] is computed for the documents. It is the 95th percentile of the transmission times of the individual packets within the document. The transmission time is the delay from the packet arrival in the device buffer to its correct delivery over the air interface. 
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