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1 Introduction

The notion of using a variable length transmission time interval (TTI) for the HS-DSCH was introduced in [1]. The benefits of this approach are elaborated upon here along with some simulation results.

2 Motivation
Previous approaches ([2] and [3]) have used fixed length TTIs for transmission of HSDPA frames. In [2], a TTI duration of 3.33ms (5 slots) has been used, while in [3] the TTI duration was fixed at 0.667 ms (1 slot). Keeping the TTI fixed results in difficulties on the following points.

a) Frame Fill Efficiency: When the bit-rate assigned to a user is high, a large TTI could result in there being insufficient data to transmit over the duration of one TTI. This results in “frame-fill” inefficiency. As an example if the user is assigned a bit-rate of 10.8 Mbps and the TTI is 3.33ms, the HSDPA frame size is 4496 bytes. For typical Internet traffic and packet sizes, this could result in considerable inefficiency.

b) Minimum Bit Rate Allowed: With a small TTI and a reasonable value for the minimum code block size, the minimum assignable bit-rate may be too high. As an example, consider a minimum code block size of 320 bits (as used in [3]) and a TTI of 0.667 ms. The resultant minimum assignable bit-rate is 480 Kbps.  Furthermore, small code block sizes would result in lower Turbo decoding gains and consequently, require higher energy-per-bit for same error rate. 

c) MCS Level for Retransmissions: The use of fixed TTI makes it necessary to use the same MCS level for retransmission (if soft combining is to be done) as the one used for the first transmission of a frame. The channel conditions, available power and/or code space at the time of retransmission (within the same cell or selected cell) may not permit the use of the same MCS level as the original transmission. By making the TTI variable, incremental redundancy (IR) operation can be made adaptive wherein retransmissions can be at a different MCS level from the original transmission (see [4] and [5]). 

d) Signalling Overhead: The user identification overhead with fixed and small TTI is higher in the low to medium data rates range as compared to a variable TTI. This is due to the fact that in a scheme with fixed TTI, lower rate implies smaller code block sizes. Consequently the user identification and other HARQ control overhead per information bit is high. The variable TTI approach allows the sub-block transmission over a larger number of slots for low data rates. This reduces the user identification and other HARQ control overhead per sub-block transmission.

e) Flexibility: The code block size is coupled to the data rate with fixed TTI. With variable TTI, different rates can be achieved for the same code block size by varying the TTI. The variable TTI proposal also allows for different code block sizes at the same MCS level. This will make sure that the appropriate code block size is chosen for a given data rate and a given user buffer size. This achieves a good tradeoff between signalling overhead and padding. For example, suppose the supportable rate is 960Kbps and there are 1280 bits  (4 transport blocks of size 320 bits each) in the user buffer. With a single slot fixed TTI these bits will be transmitted as two code blocks over two slots. Therefore, overheads (e.g. CRC) will be associated with each of the two transmissions. With a fixed TTI of five slots, a total of 3200 bits will have to be transmitted resulting in a padding of 1780 bits. With the variable TTI approach as proposed here, 1280 bits can be transmitted as a single code block over 2 slots. This results in only one set of overheads with no padding and thus provides more efficient transport as compared to either of the fixed TTI options. 

In this contribution we illustrate how the use of a variable length TTI with the granularity of 0.667 ms (1 slot) coupled with fixed length code blocks overcomes some of the difficulties with the other approaches and allows for more efficient operation of the HS-DSCH. The concept is elaborated upon in Section 2. Section 3 contains simulation results followed by concluding remarks in Section 4. A text proposal based on the variable length TTI concept is outlined in Section 5. 

3 Dynamically varying TTI 

In a scheme with fixed TTI, the code block size is determined uniquely by the MCS level and therefore, the number of information bits in the TTI changes with the data rate. With the variable TTI approach, the duration of the transmission is varied while the code block size in bits is kept fixed. 

The data rates for the variable TTI scheme are given in Table 1 [5]. Note that for a given data rate, up to four different code block sizes can be chosen depending upon the data backlog in the user buffer. The flexibility of using different code block sizes for the same data rate avoids huge performance loss due to frame-fill inefficiency and would also limit signalling overhead as discussed in Section 1.

Table 1. Data Rates [assumes 20 channelization codes at SF=32]

MCS
Data Rate

[Kb/s]
Modulation
Effective coding rate

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

With a single slot fixed TTI, the minimum code block size will have to be small to keep the minimum supported data rate reasonable. However, if the TTI is allowed to be variable, the minimum code block size can be picked to be larger, while keeping the minimum supported data rate reasonable. The result will be improved Turbo coding performance at the expense of multi-slot transmission at the lower rates. Simulation results were conducted to compare the frame error rate as a function of block size while keeping the data rate fixed. 

The simulation parameters are given in Table 2.

Table 2. Simulation parameters
Parameter
Value

No of iterations for Turbo Codes
8

Metric for Turbo Code
Max

Turbo Code Rates
0.2-0.8

Input to Turbo Decoder
Soft

Turbo Interleaver
As per 3GPP (modified to handle large code blocks)

The Frame Error Rate (FER) as a function of the received 
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is shown in Figure 1. The results are given for five different code block sizes i.e., 320, 640, 1280, 2560 and 5120 bits and two different modulation and coding schemes i.e., MCS 4 (480Kb/s) and MCS5 (960 Kb/s). For MCS4 at 1% FER, 320 bits code block needs 1.6dB higher Eb/No compared to 5120 bits code block size.
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Figure 1. FER for different code block sizes.

5 Concluding Remarks

We have presented a variable TTI concept where the code block size in bits is fixed and the transmission duration is varied in order to achieve different data rates. The variable TTI concept allows using larger code block sizes even for lower data rates in order to get maximum Turbo coding gains. For higher data rates, the transmission time is kept to minimum to fully exploit the scheduling gains, while still achieving high Turbo interleaving gains.  Another aspect of our design is that retransmitted blocks can be at a different MCS level as compared to the original transmission. The variable TTI scheme also presents minimum user identification overhead (particularly at lower data rates) because the large number of information bits (code block) can be transmitted over larger number of slots. Note that the user identification overhead is per code block and is higher for smaller code blocks. 
6 Text Proposal for TR

Based on the arguments and results presented in this document, variable TTI offers some advantages over a fixed TTI approach. As such it should be considered as part of the feasibility study. Therefore, the following text is recommended to be included in Section 6.1.2, “HSDPA Physical Layer Structure in the Time Domain” of 3G TR25.848.

---------------------------------------------------------------------------------------------------------------------------------------------------

Variable TTI schemes wherein the code block size stays fixed but the duration of transmission to the user is changed based on the chosen rate, afford several benefits. 

· The minimum code block size can be large without the minimum assignable bit-rate being too large. Reasonable code block sizes help in fully exploiting Turbo interleaving gains.
· With a minimum TTI of one slot, better frame-fill efficiency is obtained for bursty traffic at high data rates.

· The MCS level for retransmission of a frame can be different from the MCS level for the original transmission. This is very useful in cases when the channel conditions, available power and code space at the time of retransmission are different from that of the original transmission. This is also true with fast cell site selection (FCSS) when the selected cell does not have the same available resources for the HS-DSCH as the original cell.

· By allowing for multiple code block sizes for a given MCS level, the chosen code block size for a given MCS level (and thereby the transmission duration) can be better matched to the data backlog in the user buffer. 

· Signalling overheads, such as those required for user identification and Hybrid ARQ operation are per code block. Since the minimum code block size can be designed to be large, the overhead-to-payload ratio can be lower with the variable TTI approach.
Variable TTI schemes with single-slot granularity should be compared to schemes that use fixed TTIs in terms of performance, flexibility and complexity.

---------------------------------------------------------------------------------------------------------------------------------------------------
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			8.2			0.085324			7.2			0.23753			6.8			0.054945


			8.4			0.040617			7.4			0.185529			7


			8.6			0.024504			7.6			0.104603			7.2


			8.8			0.012642			7.8			0.073529			7.4


			9			0.007151			8			0.050302			7.8








2560


			





2560 MCS3


2560 MCS4


PKT2 MCS5


PKT2 MCS6


PKT2 MCS7 16-QAM


PKT2 MCS7 8-PSK


PKT2 MCS7 4-PSK


Ior/Ioc


FER





1280


			1280 MCS2


			-12.6			0.980392


			-12.4			0.925926


			-12.2			0.78125


			-12			0.613497


			-11.8			0.452489


			-11.6			0.31746


			-11.4			0.218818


			-11.2			0.113766


			-11			0.064061


			-10.8			0.041203


			-10.6			0.02359


			-10.4			0.012868


			-10.2			0.007527


			1280 MCS3


			-9.8			1


			-9.6			0.961538


			-9.4			0.934579


			-9.2			0.775194


			-9			0.636943


			-8.8			0.423729


			-8.6			0.292398


			-8.4			0.213675


			-8.2			0.132275


			-8			0.068918


			-7.8			0.057837


			-7.6			0.024331


			-7.4			0.014391


			-7.2			0.009228


			-7			0.005885


			1280 MCS4


			-6.6			0.990099


			-6.4			0.961538


			-6.2			0.8


			-6			0.680272


			-5.8			0.543478


			-5.6			0.353357


			-5.4			0.176678


			-5.2			0.11534


			-5			0.070822


			-4.8			0.044863


			-4.6			0.022193


			-4.4			0.015083


			-4.2			0.0102


			-4			0.004755


			1280 MCS5


			-3.6			0.970874


			-3.4			0.877193


			-3.2			0.806452


			-3			0.628931


			-2.8			0.507614


			-2.6			0.369004


			-2.4			0.212314


			-2.2			0.145773


			-2			0.07764


			-1.8			0.039714


			-1.6			0.027533


			-1.4			0.018447


			-1.2			0.010011


			-1			0.005265


			1280 MCS6


			0			1


			0.2			0.980392


			0.4			0.980392


			0.6			0.925926


			0.8			0.793651


			1			0.621118


			1.2			0.507614


			1.4			0.358423


			1.6			0.268097


			1.8			0.166945


			2			0.100806


			2.2			0.068353


			2.4			0.046232


			2.6			0.027533


			2.8			0.018598


			3			0.012022


			3.2			0.008891


			3.4			0.005034








1280


			





1280 MCS2


1280 MCS3


768 MCS4


768 MCS5


768 MCS6


Ior/Ioc


FER





640


			640 MCS1


			-15.6			0.990099


			-15.4			0.909091


			-15.2			0.833333


			-15			0.675676


			-14.8			0.595238


			-14.6			0.4329


			-14.4			0.396825


			-14.2			0.239234


			-14			0.185185


			-13.8			0.092764


			-13.6			0.07837


			-13.4			0.042753


			-13.2			0.027189


			-13			0.015726


			-12.8			0.010797


			-12.6			0.005133


			640 MCS2


			-12.4			0.970874


			-12.2			0.819672


			-12			0.75188


			-11.8			0.740741


			-11.6			0.478469


			-11.4			0.34965


			-11.2			0.247525


			-11			0.200401


			-10.8			0.098425


			-10.6			0.073855


			-10.4			0.04902


			-10.2			0.027518


			-10			0.015004


			-9.8			0.010424


			-9.6			0.005812


			640 MCS3


			-9.6			0.970874


			-9.4			0.961538


			-9.2			0.854701


			-9			0.763359


			-8.8			0.595238


			-8.6			0.471698


			-8.4			0.358423


			-8.2			0.25974


			-8			0.15361


			-7.8			0.120919


			-7.6			0.063654


			-7.4			0.044883


			-7.2			0.029214


			-7			0.015659


			-6.8			0.009605


			-6.6			0.005104


			-6.4			0.002989


			640 MCS4


			-6.6			0.980392


			-6.4			0.943396


			-6.2			0.833333


			-6			0.78125


			-5.8			0.621118


			-5.6			0.460829


			-5.4			0.42735


			-5.2			0.303951


			-5			0.161551


			-4.8			0.110988


			-4.6			0.07622


			-4.4			0.040617


			-4.2			0.034188


			-4			0.018008


			-3.8			0.009636


			-3.6			0.006306


			-3.4			0.003937


			640 MCS5


			-3.4			0.917431


			-3.2			0.909091


			-3			0.833333


			-2.8			0.617284


			-2.6			0.534759


			-2.4			0.403226


			-2.2			0.25974


			-2			0.203252


			-1.8			0.12837


			-1.6			0.074294


			-1.4			0.041288


			-1.2			0.028401


			-1			0.015477


			-0.8			0.010561


			-0.6			0.005508


			-0.4			0.00384








640


			





640 MCS1


640 MCS2


640 MCS3


640 MCS4


640 MCS5


Ior/Ioc


FER





320


			320 MCS1


			-15.6			0.934579


			-15.4			0.813008


			-15.2			0.714286


			-15			0.680272


			-14.8			0.512821


			-14.6			0.462963


			-14.4			0.307692


			-14.2			0.243902


			-14			0.169779


			-13.8			0.110742


			-13.6			0.085397


			-13.4			0.055804


			-13.2			0.040274


			-13			0.022847


			-12.8			0.015326


			-12.6			0.009314


			320 MCS2


			-12.4			0.909091


			-12.2			0.689655


			-12			0.645161


			-11.8			0.546448


			-11.6			0.378788


			-11.4			0.361011


			-11.2			0.282486


			-11			0.180505


			-10.8			0.125786


			-10.6			0.087413


			-10.4			0.062035


			-10.2			0.035971


			-10			0.024576


			-9.8			0.018369


			-9.6			0.011271


			-9.4			0.006398


			-9.2			0.004015


			-9			0.002443


			-8.8			0.0018


			320 MCS3


			-9.6			0.884956


			-9.4			0.840336


			-9.2			0.813008


			-9			0.571429


			-8.8			0.520833


			-8.6			0.41841


			-8.4			0.340136


			-8.2			0.286533


			-8			0.18622


			-7.8			0.107066


			-7.6			0.093023


			-7.4			0.055218


			-7.2			0.04029


			-7			0.02733


			-6.8			0.017683


			-6.6			0.012617


			-6.4			0.006628


			320 MCS4


			-6.6			0.884956


			-6.4			0.826446


			-6.2			0.787402


			-6			0.617284


			-5.8			0.537634


			-5.6			0.485437


			-5.4			0.331126


			-5.2			0.260417


			-5			0.176991


			-4.8			0.114943


			-4.6			0.092678


			-4.4			0.067249


			-4.2			0.047847


			-4			0.029326


			-3.8			0.014318


			-3.6			0.01193


			-3.4			0.00733








320


			





320 MCS1


320 MCS2


320 MCS3


320 MCS4


Ior/Ioc


FER





			-6.6			-6.8			-6.6			-6.6						-3.8			-3.8			-3.6			-3.4


			-6.4			-6.6			-6.4			-6.4						-3.6			-3.6			-3.4			-3.2


			-6.2			-6.4			-6.2			-6.2						-3.4			-3.4			-3.2			-3


			-6			-6.2			-6			-6						-3.2			-3.2			-3			-2.8


			-5.8			-6			-5.8			-5.8						-3			-3			-2.8			-2.6


			-5.6			-5.8			-5.6			-5.6						-2.8			-2.8			-2.6			-2.4


			-5.4			-5.6			-5.4			-5.4						-2.6			-2.6			-2.4			-2.2


			-5.2			-5.4			-5.2			-5.2						-2.4			-2.4			-2.2			-2


			-5			-5.2			-5			-5						-2.2			-2.2			-2			-1.8


						-5			-4.8			-4.8						-2			-2			-1.8			-1.6


						-4.8			-4.6			-4.6									-1.8			-1.6			-1.4


						-4.6			-4.4			-4.4									-1.6			-1.4			-1.2


									-4.2			-4.2												-1.2			-1


									-4			-4												-1			-0.8


												-3.8															-0.6


												-3.6															-0.4


												-3.4





5120 MCS4


2560 MCS4


1280 MCS4


640 MCS4


320 MCS4


5120 MCS5


2560 MCS5


1280 MCS5


640 MCS5


I^or/Ioc [dB]


FER


0.854701


0.990099


0.990099


0.980392


0.980392


0.980392


0.970874


0.917431


0.588235


0.990099


0.961538


0.943396


0.869565


0.917431


0.877193


0.909091


0.338983


0.787402


0.8


0.833333


0.558659


0.826446


0.806452


0.833333


0.128041


0.641026


0.680272


0.78125


0.3003


0.591716


0.628931


0.617284


0.05814


0.414938


0.543478


0.621118


0.156495


0.469484


0.507614


0.534759


0.031949


0.223714


0.353357


0.460829


0.072727


0.215983


0.369004


0.403226


0.016396


0.119048


0.176678


0.42735


0.034037


0.126422


0.212314


0.25974


0.010109


0.079365


0.11534


0.303951


0.015385


0.076511


0.145773


0.203252


0.00504


0.035063


0.070822


0.161551


0.010363


0.04


0.07764


0.12837


0.017498


0.044863


0.110988


0.005952


0.016952


0.039714


0.074294


0.010055


0.022193


0.07622


0.012179


0.027533


0.041288


0.006362


0.015083


0.040617


0.005109


0.018447


0.028401


0.0102


0.034188


0.010011


0.015477


0.004755


0.018008


0.005265


0.010561


0.009636


0.005508


0.006306


0.00384


0.003937








