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1 Introduction 
Simulation results for the variable TTI proposal were presented along with simulations of a fixed 5-slot TTI scheme in 
[2]. They were compared on the aspect of frame-fill efficiency. In this document, the variable TTI scheme is compared 
to a scheme using a 3-slot fixed TTI. In addition to frame-fill efficiency, the schemes are compared from scheduling and 
signalling overhead aspects. 

2 Simulation Assumptions 
The MCS tables used for the variable and fixed 3-slot TTI schemes are shown in Tables 1 and 2 respectively. 

Table 1. Data rates for variable TTI (VTTI) for 20 codes of SF=32  
Data rate [Kb/s] 

(Modulation, Coding Rate) 

TTI 

[slots] 

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

15 768 

(QPSK, 0.16) 

512 

(QPSK, 0.106) 

384 

(QPSK, 0.08) 

256 

(QPSK, 0.053) 

128 

(QPSK, 0.027) 

5 2304 

(QPSK, 0.48) 

1536 

(QPSK, 0.32) 

1152 

(QPSK, 0.24) 

768 

(QPSK, 0.16) 

384 

(QPSK, 0.08) 

3 3840 

(QPSK, 0.8) 

2560 

(QPSK, 0.53) 

1920 

(QPSK, 0.4) 

1280 

(QPSK, 0.27) 

640 

(QPSK, 0.13) 

2 5760 

(8PSK, 0.8) 

3840 

(QPSK, 0.8) 

2880 

(8PSK, 0.4) 

1920 

(QPSK, 0.4) 

960 

(QPSK, 0.2) 

1 11520 

(64QAM, 0.8) 

7680 

(16QAM, 0.8) 

5760 

(8PSK, 0.8) 

3840 

(QPSK, 0.8) 

1920 

(QPSK, 0.4) 

 

 



 

 2

 

 

Table 2: Data rates for fixed TTI scheme of 3-slots (for 20 codes of SF=32). 
Data Rate 

(Kbps) 

Bytes per TTI Modulation Coding Rate 

2400 600 QPSK 1/2 

4800 1200 16-QAM 1/2 

7200 1800 16QAM 3/4 

10800 2700 64QAM 3/4 

 

The throughput metrics used viz. Over-The-Air (OTA) Throughput, Service Throughput and Packet Call Throughput 
are as defined in the TR (see [1]). In addition, the cumulative distribution function (cdf) of the UE packet call 
throughput is also provided as a measure of quality of service. The following assumptions are made in obtaining the 
simulation results: 

− No limit on maximum number of retries. 

− Fast cell selection is not considered. 

− 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 the fixed TTI scheme and the variable TTI scheme use Chase combining and do not change MCS on 
retransmission. 

− Fractional Recovered Power (FRP) is 0.98 

− Maximum C/I scheduler is used for both schemes. 

− Neighbor cells are assumed to be transmitting at full power and statistics are collected in the center cell. 

Any additional assumptions made are provided in the relevant sections as needed. 

3 Simulation Results and Discussion 

3.1 Frame Fill Efficiency 
In [2], several references were cited that pointed out that Internet packet sizes vary from 40 bytes to 1500 bytes with 
fairly high occurrence probabilities for packet sizes below 1500 bytes (almost 56% of the packet sizes are below 1500 
bytes). Therefore, it is of importance to consider HSDPA throughput performance for smaller than 1500 byte packet 
sizes. As an illustrative example, the packet size of 576 bytes was simulated and the performance of fixed and variable 
TTI schemes was compared. For the simulations, the page size distribution was kept the same (see traffic model in 
Appendix) but packets were assumed to be segmented into units of 576 bytes rather than into 1500 byte units as done 
with previous simulation results. In addition to the assumptions listed in Section 2, the following was assumed: 

− Single path Rayleigh fading with 3km/hr speed. 

− 30% power used by overhead channels and 70% power available for HSDPA. 

− Only 1-user is scheduled for transmission per TTI in both fixed and variable TTI schemes. 
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The performance of fixed 3-slot TTI scheme is shown in Table 3 and results for the variable TTI scheme are in Table 4. 
In [2], the fixed TTI scheme was based on a 5-slot TTI, while here the fixed TTI scheme is based on a 3-slot TTI. Also, 
in these tables we have updated results from that of [2], which inadvertently used 12ms instead of 6ms as the packet 
inter-arrival time, and a UE speed different than 3km/hr. Also, results from Table 3 and Table 4 indicate that the 
variable TTI scheme outperforms the fixed TTI scheme in terms of the average values of performance metrics at higher 
loads. For example with 100 UEs, the average service throughput increases by around 5%, while the average packet call 
throughput increases by around 9%. A comparison of packet call throughput cdfs in Figure 1 reveals that one can get 
approximately the same quality of service with 90 UEs in the variable TTI scheme as with 75 Ues in the fixed TTI 
scheme. This means that one can support around 20% more users with the variable TTI scheme as compared to the fixed 
TTI scheme at high loads. (The packet call throughput cdfs measure the fraction of UEs with packet call throughput less 
than abscissa and are a measure of quality of service). A similar result is shown in Figure 2, where the variable TTI 
scheme with 120 UEs shows a slightly better packet call throughput cdf as compared to the fixed 3-slot TTI scheme with 
100 UES. The service throughput comparison for 90UEs in the case of variable TTI and 75 UEs in the case of fixed 3-
slot TTI shows a gain of around 20%. Similar gains in service and average packet call throughput are observed when we 
compare the case of 120Ues with the variable TTI and 100 UEs in the fixed TTI. The gains result from the fact that the 
fixed TTI scheme suffers from frame fill inefficiency as it would have to transmit over 3 slots regardless of whether 
there is sufficient data to send over all those slots or not. In contrast, the variable TTI scheme will end up transmitting 
the same data over fewer slots, thus freeing up slots to schedule other users. In the case of 1500 byte MTU size, the 
frame fill inefficiency with the fixed TTI scheme is not significant and therefore the two schemes perform similarly. 

In practice, there will be a mix of packet sizes and the variable TTI scheme is tailored to match both the buffer backlog 
(select column in rate table) and the channel quality (select row in the rate table) appropriately. While code division 
multiplexing (CDM) of users in the fixed TTI scheme will help improve the frame-fill efficiency, it has several 
drawbacks. For example, with a closed-loop traffic model and Internet packet sizes ranging from 40 bytes-1500 bytes, it 
is likely that several parallel code-multiplexed HS-DSCH channels would be needed with the fixed 3-slot TTI scheme. 
This would result in the following disadvantages: 

• Loss of multi-user diversity since the Node B will transmit to several simultaneous users for fixed time duration, 
rather than to the best user for the shortest possible duration. 

• If non-adaptive Chase combining or Incremental Redundancy is used, then one would require the same number of 
codes at the time of retransmission as that at the time of original transmission. With many parallel CDM users, this 
could complicate scheduling.  

• Additional downlink signalling channels would be required, impacting the available power and code resources for 
the HS-DSCH channel. 

• If the number of allowed code groups is large, then the number of bits required for signalling the code space on the 
downlink will be large. 

Table 3. Throughput performance of Fixed 3-slot (2ms) TTI and MTU size of 576 bytes. 
Number of UEs OTA 

[Kb/s] 

Service Throughput 

[Kb/s] 

Packet Call 
Throughput 

[Kb/s] 

Utilization 

12 1294.4 414.9 717.0 0.32 

37 1622.3 1257.8 646.8 0.78 

56 1955.1 1834.5 577.8 0.94 

75 2373.4 2354.1 517.8 0.99 

100 2842.2 2841.9 465.4 1.00 
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Table 4. Throughput performance of the Variable TTI scheme with an MTU size of 576 bytes. 
Number of UEs OTA 

[Kb/s] 

Service Throughput 

[Kb/s] 

Packet Call 
Throughput 

[Kb/s] 

Utilization 

12 1272.6 418.5 698.4 0.34 

37 1611.6 1252.0 630.2 0.78 

56 1989.4 1870.0 573.7 0.94 

75 2430.2 2412.5 530.1 0.99 

90 2866.6 2862.4 518.3 1.00 

100 2982.5 2980.9 509.1 1.00 

120 3428.1 3428.1 489.5 1.00 
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Figure 1: Comparison of packet call throughput cdfs at 3km/hr. 
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Figure 2: Comparison of packet call throughput cdfs at 3km/hr. 
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3.2 Scheduling 
The variable TTI scheme (from Table 2) uses 1-slot as the minimum TTI. Therefore, one would expect it to provide 
better scheduling granularity as compared to fixed 3-slot TTI, especially at higher loads. Simulations comparing the 
fixed and variable TTI schemes were carried out with the following assumptions in addition to those of Section 2: 

- 80% power available for HS-DSCH transmission 

- Users have infinite backlog (the infinite backlog traffic model is suitable for FTP-type traffic). 

- In a given simulation run all users were assumed to have the same average geometry 

- Single path Rayleigh fading channel at 30km/hr. 

Results in Table 5 show that better than 11% throughput improvement is possible at 30km/hr. 

Table 5: Comparison of fixed 3-slot TTI and variable TTI at 30km/hr and 80% HS-DSCH power. 
Average 

Geometry 

Number 

of Ues 

Throughput FTTI 

(Kbps) 

Throughput VTTI 

(Kbps) 

% gain of 

VTTI over FTTI 

8 1344.4 1378.9 2.6 

12 1375.5 1466.9 6.6 

16 1412.5 1545.0 9.4 

0dB 

20 1433.2 1600.8 11.7 

8 1954.0 2077.3 6.3 

12 2012.2 2148.1 6.8 

16 2072.0 2201.7 6.3 

3dB 

20 2099.3 2232.5 6.4 

8 2712.3 2811.8 3.7 

12 2762.0 2904.2 5.2 

16 2814.9 2994.9 6.4 

6dB 

20 2847.7 3054.0 7.3 

3.3 Signalling Overhead 
From both frame-fill efficiency and scheduling perspectives, it is better to use a short TTI such as 1-slot. However, the 
signalling overhead with short TTIs is greater (see [3] for a comparison). When the total available power fraction for 
HSDPA is low, then the signalling overhead with shorter TTI can result in very little power fraction available for the 
HS-DSCH channel. This effect was studied for three cases - fixed 3-slot TTI, fixed 1-slot TTI and variable TTI. At each 
scheduling instant the power fraction required for the control channel is computed using the formula 

( )// 1 (1 )
/

b t
c or

E NE I G FRP
G FRP W R

= + −
× ×

 

where G represents the instantaneous geometry value, Eb/Nt is the target energy-per-bit to noise ratio for the control 
channel, FRP is the fractional recovered power and W/R is the processing gain (product of spreading factor and inverse 
of the code rate used). The computed control channel power fraction is then subtracted from the total available power 
fraction for HSDPA to determine the power fraction available for the HS-DSCH transmission. The link quality feedback 
is used in determining the required power fraction for the control channel. The following assumptions were made in the 
comparison: 

• HS-DSCH Indication channel (HICH): 10 information bits per TTI as assumed in [3]. 

• Shared Control Channel (SHCCH): 18 information bits per TTI as assumed in [3]. 
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• Same number of bits are signalled in both the fixed and variable TTI schemes, although the variable TTI scheme 
will not require as many bits for signalling the code space information. 

• Target Eb/Nt for the control channels is 13dB as in [3]. 

• Total power fraction available for HSDPA: 30% 

• Pilot and TPC bits for scheduled and unscheduled users have not been accounted for. 

• Spreading factor for HICH is assumed to be 256 and for SHCCH is assumed to be 128. 

• MTU size used is 1500 bytes 

• Single path Rayleigh fading channel at 3km/hr 

• For the fixed 1-slot TTI, the MCS set from Table 2 was used with the code block size scaled by a factor of 3. 

• Other assumptions are as listed in Section 2 and the Appendix 

Throughput comparison results are provided in Table 6 and comparison of the packet call throughput cdfs is shown in 
Figure 3 and Figure 4. The figures indicate that for the same quality of service (obtained by matching the packet call 
throughput cdfs), the variable TTI scheme can support 33-50% more UEs as compared to a fixed 1-slot TTI scheme at 
medium loads. The corresponding service throughput improvement ranges from 31%-50% (compare 24Ues for fixed 1-
slot TTI and 36 Ues for VTTI and, compare 36Ues for fixed 1-slot TTI with 48Ues for VTTI). The VTTI scheme 
performance is quite close to that of the fixed 3-slot TTI scheme, although the average packet call throughputs for the 
VTTI scheme tend to be about 5% better at moderate loads. The packet call throughput cdfs for VTTI also tend to be 
slightly better than the cdfs for the fixed 3-slot TTI.  

Table 6: Throughput performance comparison of fixed and variable TTI with 30% power for HSDPA. Control 
channel overhead is accounted for in these results. 

Fixed TTI = 1 -slot Fixed TTI = 3-slots Variable TTI Number of 
Ues 

OTA 

(Kbps) 

Service 

(Kbps) 

Pkt. Call 

(Kbps) 

OTA 

(Kbps) 

Service 

(Kbps) 

Pkt. Call 

(Kbps) 

OTA 

(Kbps) 

Service 

(Kbps) 

Pkt. Call 

(Kbps) 

24 929.7 802.6 987.8 1033.5 822.8 997.1 1083.7 819.1 1017.4 

36 1196.1 1172.1 953.1 1271.3 1216.1 953.5 1318.7 1207.4 1006.1 

48 1482.1 1476.4 909.4 1545.3 1531.4 891.9 1569.4 1541.2 931.5 

60 1783.1 1782.4 896.5 1804.5 1802.5 878.0 1838.2 1830.0 922.6 
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Figure 3: Comparison of packet call throughput CDFs with 30% power fraction available. 
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Figure 4: Comparison of packet call throughput CDFs with 30% power fraction available. 
 

4 Conclusion 
Three aspects of HSDPA that are impacted by the TTI choice have been studied here – frame-fill efficiency, scheduling 
and signalling overhead. Fixed and variable TTI schemes were compared. It was pointed out that with the large 
variability in Internet packet sizes and a closed-loop traffic model, frame-fill efficiency with fixed 3-slot TTI scheme 
could be an issue. We have shown an example where, even with the open-loop model and a 576-byte MTU, up to 20% 
more users can be supported with the variable TTI scheme as compared to the fixed 3-slot TTI scheme for the same 
QoS. The corresponding service throughput values also improve by around 20%. The scheduling benefit provided by 
single-slot granularity was shown to be up to 11% over a fixed 3-slot TTI scheme at 30km/hr for FTP-type traffic. While 
both frame-fill efficiency and scheduling point towards a short TTI such as 1-slot, signalling overheads point towards 
using a longer TTI. This is particularly true when the total available power fraction for HSDPA is low. With fixed and 
short TTI, the required control channel power fraction could be a large part of the total available HSDPA power 
fraction. A comparison of the Variable TTI scheme to a fixed 1-slot TTI scheme showed gains ranging from 33%-50% 
in the number of Ues supported for the same QoS, when 30% power is available for HSDPA and control channel 
overhead is accounted for. The variable TTI scheme automatically adapts by selecting larger TTIs in such cases, thus 
still having reasonable power fraction to transmit on the HS-DSCH channel. The variable TTI scheme addresses frame-
fill efficiency, scheduling and signalling overheads simultaneously in its design. In addition, it enables adaptive HARQ 
operation which provides further throughput gains (see [4]). 
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6 Annex: Simulation parameters 
The system level simulation parameters are listed in Table 7 below 

Table 7. Basic system level simulation assumptions. 

Parameter Explanation/Assumption Comments 

Cellular layout Hexagonal grid, 3-sector sites Provide your cell layout picture 

Site to Site distance 2800 m  

Antenna pattern As proposed in TR 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 

As indicated in specific sections  

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 Chase combining  

BS total Tx power Up to 44 dBm  

Active set size 3 Maximum size 

Frame duration 0.667ms and 2ms for fixed TTI schemes. 
Variable for Variable TTI schemes 

 

Scheduling Max C/I  

Specify Fast Fading model Jakes spectrum Generated e.g. by Jakes or Filter 
approach 
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The fundamentals of the data-traffic model are captured in Table 8 below. 

Table 8. 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 
576 octets or 1500 octets as indicated 

Packets per Packet Call Deterministic Based on Packet Call Size and Packet MTU 
Packet Inter-arrival Time 
(open- loop) 

Geometric 6ms 

Packet Inter-arrival Time 
(closed-loop) 

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