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1. Introduction
At the AdHoc meeting in June, the transmission time interval (TTI) length in the E-UTRA was discussed. Four proposals on the TTI length were proposed [1]. The major discussion point is whether one TTI or two TTIs should be specified from the viewpoints of satisfying the system requirements and reducing the number of options. This paper presents views on the TTI length from several companies with aligned views.

2. TTI Length for Unicast
2.1. Necessity of 0.5-msec TTI Length
The transmission delay in a radio access network (RAN) including the air-interface delay was decided to be less than 5 msec in one way [2]. In particular, the TTI length affects the transmission delay, since the air-interface delay is a major factor in the total transmission delay. The RAN latency is categorized into the air-interface delay, media delay, and delay in the access gateway (aGW) as shown in Fig. 1. Furthermore, the air-interface delay in a RAN is classified into the transmitter processing delay, TTI duration plus frame alignment, retransmission delay, and receiver processing delay. Here, we assume the delay figures for these three delays as shown in Fig. 2.
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Figure 1 – Categorization of RAN Latency
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Figure 2 – Air-interface delay

Assuming that the transmission delay of an optical fiber is 5 sec/km [3], the media delay, when the distance between the aGW and the cell site (Node B) is 50 km, is 0.25 msec. Moreover, we assume that the delay in the aGW is approximately 0.5 msec. Thus, assuming 5-TTI for the round trip time (RTT) of retransmission based on the analysis of U-plane latency provided in [4], the overall RAN latency one way with a TTI of 0.5 msec can be calculated as 

1.0 + 0.75 + 2.5 ( 0.3 + 1.0 + 0.75 = 4.25 msec.     (1)

When the TTI length becomes long, the RTT may be reduced. Therefore, assuming 4-TTI for the RTT, the overall RAN latency one way with a TTI of 1 msec can be calculated as
1.5 + 1.5 + 4.0 ( 0.3 + 1.5 + 0.75 = 6.45 msec.      (2)
We see that the TTI length of less than 1 msec is necessary to satisfy the transmission delay requirement of less than 5 msec even when we assume a RTT of 4-TTI. We recognize that the air-interface delay significantly influences the total transmission delay. Thus, we consider that the TTI length of 0.5 msec is necessary.

2.2. Necessity of Long TTI Length
The provisioning of wide area coverage is also a very important requirement in the E-UTRA. L1/L2 control signaling is essential to fast channel-dependent scheduling, link adaptation, and hybrid ARQ with soft-combining, etc. Therefore, the location area where the L1/L2 control information is decoded with the required QoS determines the substantial coverage area in the system as well as the broadcast, paging, and random access control information. In the downlink, the coverage of the L1/L2 control channel is extended by assigning more transmission power resources from the total available transmission power to one user equipment (UE). This is achieved through repetition of L1/L2 control information symbols by decreasing the number of multiplexed UEs over one-TTI as shown in Fig. 3 (note that the number of L1/L2 control information symbols depends on the number of multiplexed UEs). 
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Figure 3 – Multiplexing of L1/L2 control information symbols to increase coverage in downlink
(These figures are for illustrative purposes only, and do not indicate the detailed multiplexing method)


The achievable coverage in the uplink is determined directly from the limited UE transmission power. An elaborate method to extend the coverage for L1/L2 control information is necessary considering the limited UE transmission power. Thus, we conclude that a long TTI such as 2 msec is necessary to increase the received signal power of the L1/L2 control information bits. Figure 4 shows the TTI length required for 95% coverage as a function of the cell radius. The propagation channel model follows the agreed simulation assumptions described in [4]. The six-ray Typical Urban (TU) model is used with the maximum Doppler frequency of fD = 5.55 Hz, corresponding to the vehicular speed of 3 km/h at a 2-GHz carrier frequency. The maximum UE transmission power is set to 250 mW. The required average PER for the L1/L2 control signaling bit is assumed to be 10-2. The number of the L1/L2 control information bits is set to 1 and 10. Ten of the L1/L2 control information bits may be needed to transmit for example the ACK/NACK (1 bit), HARQ process number (2 bits), and CQI (7 bits). The uplink channel load and penetration loss are parameterized in Fig. 4. For example, from the figure assuming the uplink channel load of 0.5 and the penetration loss (Lp) of 0 dB, the allowable cell radius of a 0.5-msec TTI is approximately 6.5 and 2.7 km for 1 and 10-bit L1/L2 control information, respectively. Meanwhile, the cell radius to satisfy the same required average received Eb/N0 is extended to approximately 7.6 and 4.5 km by increasing the TTI length to 2 msec.
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Figure 4 – TTI length required for 95% coverage as a function of cell radius

Figures 5(a) and 5(b) are examples of the multiplexing schemes for data-associated and non-data-associated L1/L2 control information bits with 0.5-msec or 2-msec TTIs, respectively. In the case of a 2-msec TTI, both data-associated and non-data-associated L1/L2 control information symbols are repeated over 4 sub-frames.
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Figure 5 – Examples of multiplexing schemes for data-associated and data-non-associated L1/L2 control information bits with 0.5-msec or 2-msec TTI

In conclusion, we prefer the following TTI lengths for unicast.

· Downlink: Only 0.5-msec TTI is defined.
· Uplink: 0.5-msec and 2-msec TTIs are defined to achieve short latency and to increase the coverage.
When the uplink TTI length is 2 msec, since ACK/NACK feedback can be transmitted every 2 msec via the uplink, the Node B scheduler restricts the downlink resource assignment to UEs restricted to every 2 msec as shown in Fig. 6.
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Figure 6 – Example of transmission with 2-msec TTI in uplink
2.3. Selection of TTI Length

As mentioned previously, we propose two TTI lengths in the uplink. Since the main purpose of a long TTI is to increase the coverage area, the selection of the TTI length is link-specific, i.e., the TTI length is decided based on the path loss between a cell site and each UE. Thus, UEs with different TTI lengths coexist in the same cell. Simultaneous control with different TTI lengths in the same transmission band brings about very complicated timing arrangements for the respective UEs. Thus, we propose an FDM based assignment for different TTI lengths, i.e., UEs with different TTI lengths use different transmission bands and only the UEs within the same TTI use the same transmission band as shown in Fig. 7. The transmission bands for the respective TTI lengths are semi-statically assigned according to the number of accessing UEs with respect to the TTI lengths [5].
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Figure 7 – FDM based assignment for different TTI lengths
3. TTI Length for MBMS

In the MBMS, UE-specific channel-dependent scheduling, link adaptation, and hybrid ARQ cannot be applied. Thus, time diversity associated with a long TTI and macro diversity were used in Release 7 MBMS. In the E-UTRA MBMS, the usage of macro diversity using soft-combining reception of the same MBMS signals from multiple cell sites is approved. In addition to macro diversity, time diversity is also effective in achieving high quality reception in the E-UTRA MBMS. Thus, the need for a long TTI should be considered along with the channel coding scheme. 

4. Conclusion

This paper presented aligned views of several companies on the TTI length from the viewpoint of system requirements. The conclusions are as follows.

· Downlink: Only 0.5-msec TTI is defined.
· Uplink: 0.5-msec and 2-msec TTIs are defined to achieve short latency and to increase the coverage.
Our preference for the selection criterion of the 0.5-msec TTI or 2-msec TTI is basically on a per-UE selection basis.
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