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Discussion on Variable versus Fixed TTI 

Two approaches have been identified for Transmission Time Interval (TTI) in HSDPA: a fixed TTI approach and a dynamically varying TTI approach [1].  Fixed and variable TTI proposals have further been discussed in [2] and [3]. This contribution provides comments on [2] and [3]. The system performance results are also given for variable TTI [4] and A2IR HARQ scheme [5].

1. In [3], it is stated that a large range of data rates can be achieved with fixed TTI by code multiplexing users and/or transmitting every nth TTI.

Code multiplexing of users will lead to a more complex scheduling and higher signaling overhead. Note that the codes allocated to each code-multiplexed user have to be signaled separately. The scheduling will be complicated by the fact that a retransmission will need the same number of codes as the original transmission. For example, if two users A and B are time multiplexed with 5 codes each (assuming a total of 10 codes are available for HS-DSCH) and user A’s transmission is successful while user B’s transmission fails. Then user B will again need 5 codes for the retransmission. Now if data to a user C needs to be transmitted then it can only be allocated 5 codes. With multiple code-multiplexed users, this will lead to complex code allocation and potentially result in sub-optimized utilization of the available code space. Variable TTI provides flexibility to support a large range of data rates without the need to code multiplex users.

The scheme where transmission takes place every nth frame as proposed in [2] will restrict scheduling flexibility and lead to lower multi-user diversity gains.

2. In [2] and [3], it is stated that the dynamically varying TTI complicates the scheduling of different UEs.
As stated above, the variable TTI provides a simpler scheduling by time-multiplexing users. 

3. In [2] and [3], it is stated that no clear benefits of variable TTI have yet been demonstrated.
The section 0 below provides system performance results for a variable TTI scheme using A2IR HARQ scheme.

System performance for variable TTI and A2IR

System level simulations were conducted to determine the achievable throughput with variable TTI and A2IR HARQ scheme [4] [5]. The data rates table used for the simulation is shown in Table 1. Other simulation parameters used are from TR 25.848 and are repeated in the Appendix. 

Table 1. Data rates (Transport block size = 320 bits)

MCS
Data Rate

[Kb/s]
Modulation
Effective coding rate

[actual coding + repetition]
Transmission Time Interval (TTI) [number of slots]





24 Transport blocks per TTI

[code block = 7680 bits]


16 Transport blocks per TTI

[code block = 5120 bits]


8 Transport blocks per TTI

[code block = 2560 bits]
4 Transport blocks per TTI

[code block = 1280 bits]
2 Transport blocks per TTI

[code block = 640 bits]
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0.0125
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0.0250



16
8

3
240
QPSK
0.0500


16
8
4

4
480
QPSK
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960
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1
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1920
QPSK
0.4000
6
4
2
1


7
3840
QPSK

3
2
1



8
5760
8-PSK/

16-QAM
0.8000

0.6000
2
-




9
7680
16-QAM
0.8000
-
1




10
11520
64-QAM
0.8000
1





The throughput metrics used are as defined in the TR. They are repeated here for convenience:
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Utilization is defined as 
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As used in the TR [1], we have assumed:

· 30% power used by overhead channels

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

· The traffic model of Table 34 in the TR (repeated here in the Appendix) with “open-loop” packet interarrival time.

The following additional assumptions are made in obtaining the simulation results of Table 1
1. No limit on maximum number of retries.

2. Fast cell selection is not considered.

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

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

5. The channel quality feedback delay is assumed to be 6 slots and the ACK/NACK delay is assumed to be 3 slots. 
The results with variable TTI and A2IR HARQ scheme are shown in Table 2. The results for a 5-slot fixed TTI and a non-adaptive HARQ scheme are repeated in Table 3 from the TR.

Table 2: HSDPA Throughput performance with variable TTI and A2IR with Max C/I scheduler.

#users per sector,

Max OVSF codes
OTA

(bps)
Service Throughput

(bps)
Packet Call Throughput

(bps)
Utilization

%

12 UEs/20 size 32
3,597,160
432,370
1,387,600
15.4

37 UEs/20 size 32
3,115,349
1,331,520
1,224,890
52.9

50 UEs/20 size 32
2,988,385
1,768,430
1,153,410
69.5

75 UEs/20 size 32
3,336,483
2,644,510
1,096,050
83.5

100 UEs/20 size 32
4,119,414
3,513,780
1,063,410
86.5

150 UEs/20 size 32
5,295,699
5,188, 100
931,200
93.9

Table 3. HSDPA Throughput performance with 5-slots (3.33ms) fixed TTI and non-adaptive HARQ [1]
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Conclusions

Variable TTI approach coupled with Asynchronous and Adaptive IR (A2IR) scheme provides significant performance benefit for HSDPA. Therefore, it is recommended that both variable TTI and A2IR be considered for HSDPA.
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Appendix: Simulation parameters

The system level simulation parameters are listed in Table 4 below (from [1]).

Table 4. 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 [2]
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
Chase combining or Incremental Redundancy
For initial evaluation of fast HARQ

BS total Tx power
Up to 44 dBm


Active set size
3
Maximum size

Specify Fast Fading model
Jakes spectrum
Generated e.g. by Jakes or Filter approach 

The fundamentals of the data-traffic model are captured in Table 5 below.

Table 5. 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 Mbps = 6 ms)

Packet Inter-arrival Time

 (closed-loop)
Deterministic
TCP/IP Slow Start 

(Fixed Network Delay of 100 ms)










PAGE  
1

_1047883156.unknown

_1047883196.unknown

