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1 Introduction

In the last RAN long-term evolution workshop, which took place in Quebec in May 2005, it was decided to relax the latency requirement for UTRA and UTRAN for small bandwidth. The rational behind is the trade of between delay (small TTI length) versus spectral efficiency (longer TTI length) which is especially important for smaller bandwidth. For large bandwidth (greater than 5 MHz) the 10 ms requirement (RAN round trip time) is still a valid figure.

In [1] it is shown that the RAN latency requirement directly affects the selection of the TTI length. In this document we present a similar investigation and look on the CP overhead depending on TTI length and sub-carrier spacing.

2 Air Interface Delay

For backwards-compatibility reasons, evolved UTRA should retain the 10 ms radio frame of WCDMA. However, in order to achieve a reduced user plane delay and fulfil a target RAN RTT less than 10 ms (at least for the higher bandwidth), we should rely on a shortened TTI length compared to WCDMA.  

To give some more insight on the impacts of the requirement on the TTI length, Figure 1 shows the air interface delay, which can be categorized in the transmitter processing delay, the retransmission delay and the receiver processing delay. For low delay services a low initial BLER is assumed and therefore it is enough for the worst case scenario to assume not more than one retransmission.


Figure 1: Air interface delay

With the following typical values:

· Time for UE processing TP,UE ≈ 2 TTTI
· Time for NodeB processing TP,NB ≈ 1.5 TTTI
· Duration of ACK/NACK TA/N ≈ 1/3 TTTI
· Propagation delay TD ≈ 1.6 (s

the air interface delay is calculated as 3TD+2TP,UE+TP,NB+TA/N+2TTTI and is given in Table 1 for the different TTI length under consideration. Compared to the 2 ms minimum TTI of UTRA Release 6, the candidates are 0.5 ms, 0.625 ms and 0.667 ms.
	TTI length
	Slots per radio frame
	Round trip air interface delay

	0.5 ms
	20
	7.8 ms

	0.625 ms
	16
	9.8 ms

	0.667 ms
	15
	10.4 ms


Table 1: Air interface delay for different TTI length (worst case)
As can be seen in Table 1 to fulfil the RTT requirement, 0.667 ms TTI length seems a little bit to high. Compared to 0.667 ms the remaining candidates 0.5 ms and 0.625 ms are even more attractive, since they have an even number of slots per frame.

3 Cyclic Prefix Overhead
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Figure 2: Overhead for short CP length of at least 4.7µs and different TTI lengths
Figure 2 shows the cyclic prefix overhead for 0.5 ms, 0.625 ms and 0.667 ms TTI length depending on a sub-carrier spacing between 13 kHz and 17 kHz. The red curve shows the overhead for 0.5 ms assuming that the CP length is at least 4.7 (s. Figure 3 shows the same for a long CP length of at least 16.7 (s. 
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Figure 3: Overhead for long CP length of at least 16.7µs and different TTI lengths
The graphs in Figure 2 and 3 look like a saw tooth which is given by the fact that one more symbol fits into one TTI at the trailing edge of the graphs. If we assume a sub-carrier spacing of 15 kHz and select a TTI length of 0.5 ms, the minimum overhead to achieve a CP length of at least 4.7 (s is as small as 6.7 %. For the long CP length of 16.7 (s the overhead is 20.0 %. As can be seen the overhead for a TTI length of 0.625 ms and 0.667 ms is much higher. Table 2 gives a comparison.

	TTI Length
	CP overhead for 15 kHz sub-carrier spacing 



	
	4.7 (s CP length
	16.7 (s CP length

	0.5 ms
	6.7 %
	20.0 %

	0.625 ms
	14.6 %
	25.3 %

	0.667 ms
	10.0 %
	20.0 %


Table 2: CP overhead for 15 kHz sub-carrier spacing
From the investigation above, we propose for the 15 kHz sub-carrier spacing to apply a TTI length of 0.5 ms. This enables to fulfil the RAN RTT requirement and results in a reasonable overhead of only 6.7 %. 

For completeness we further show in Figure 4 the overhead for a medium CP length of 7.4 (s. The major motivation for using a medium size CP as single CP length is to reduce the number of options and lower the overall system complexity as explained in chapter 4.
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Figure 4: Overhead for CP length of at least 7.4 µs and different TTI lengths
As can be seen the minimum overhead of 10.0 % can be achieved for a TTI length of 0.667 ms. However the CP length of 7.4 (s is a little bit low for the multicast mode [1] and therefore not an appropriate candidate. For a TTI length of 0.5 ms and 0.625 ms  the overhead then is definitely to high (20.0 % and 14.6 %) to be competitive with other wireless technologies.

4 Complexity of multiple CPs

In order to reduce the number of options, we investigated also the possibility to use a single CP length. The main disadvantage with having two different CP length is, that they can only be configured on a TTI by TTI basis, since it is not possible to mix different CPs within one TTI without loosing orthogonally. Consequently services using short or long CPs have to be separated and scheduled on exclusive TTIs. This causes the following undesirable consequences:

· Loss of scheduling gain

· Loss of trunking gain

· Additional delay for point to point services, if a packet would be due during a multicast TTI

· Coarse granularity of allocation for multicast services because TTIs have to be devoted completely

However with the selection of a 15 kHz sub-carrier spacing an appropriate medium size CP length giving a competitive overhead and an adequate length for multicast services can not be found. Therefore we propose to live with the disadvantages induced by having two different CP lengths.

5 Conclusion 

To obtain a competitive system performance we propose a TTI length of 0.5 ms together with a sub-carrier spacing of 15 kHz giving a CP overhead of less than 7 %. The sampling frequency can be easily derived from the 3.84 MHz WCDMA clock and due to the reduced TTI length an efficient packet transmission with low delay is ensured. 

Besides the delay one should further have the possibility to reduce the signalling overhead especially in case of low bandwidth. Therefore we propose to introduce concatenated TTIs, which are acknowledged by a single ACK/NACK. Concatenated TTIs allow for more efficient operation at lower data rates and a better QoS optimisation and avoid the increase in overhead of control signals per TTI. For narrow transmission bandwidth such as 1.25 MHz it is further important that the payload size increases.
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