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1 Introduction

There exist a few scenarios in which only a limited amount of payload can be transmitted in a TTI of 0.5 ms. The first scenario is when cells support only a limited bandwidth, e.g., only 1.25, 1.6, or 2.5 MHz. The second scenario is when UEs operate in the power limited regime.
While a subcarrier transmission concept exhibits great potential for exploiting frequency domain diversity, the required control signaling is a burden. In those cases mentioned above, the control information becomes excessive and capacity is wasted. In the most general case, for each TTI the resource block related control information and the HARQ related control information needs to be sent. Also the MAC overhead due to segmentation is significant.

This contribution discusses alternatives to mitigate such effects. Note that the discussion applies for uplink and downlink.
2 Concepts for Reducing Control Overhead
An obvious approach to reduce the amount of signaling is to apply control settings for a longer period than just for one subframe of 0.5 ms. This can be done either by associating that control information to several sub-frames by defining a longer TTI or by applying those settings for several TTIs of 0.5 ms each. Also a combination of both is possible.

Our definition of longer TTI is that a transport block is spread over multiple subframes, while the resource block allocation and the modulation scheme for that transmission are kept. This approach reduces the required L1 control information to roughly 1/N for a TTI length of N subframes. Furthermore, such a concept would provide approximately N times larger transport blocks which would reduce the segmentation overhead of the MAC layer. Finally, the amount of HARQ signaling is also reduced by 1/N, because the HARQ feedback is sent per TTI and not per subframe.
The alternative of keeping a resource block allocation for a longer period of N sub-frames, while not tying it to the TTI length, provides the advantage that the L1 control signaling is also reduced by 1/N. The MAC segmentation overhead is not affected, since the TTI would be still 0.5 ms. On the other hand, retransmission delays would be slightly smaller in that case. However, this effect would have a negligible impact on the performance since the operating regimes for such concepts are the low data rates anyway.
Therefore, the alternative of an increased TTI is considered as superior. However, also in case of longer TTIs, it is still possible to allocate resources for several TTIs.
Then there is the question, whether the TTI length is a fully dynamic or a semi-static parameter? The difference is that a dynamic parameter could be changed from TTI to TTI and that L1 control signaling is used to signal the TTI length, while a semi-static approach implies that higher layer signaling is used to configure that parameter either per cell or per UE on a much longer time-scale.

It is obvious that the dynamic approach provides significantly more flexibility to adapt to instantaneous conditions. However, this comes at a cost. First, the required amount of control signaling is larger because the TTI length needs to be signaled. Second, this signaling introduces potential error cases, since the control information might be not correctly received. Third, and more important, a mixing of different TTI lengths causes conflicts for the HARQ layer. Assuming a synchronous HARQ operation ‎[2], there will be occasions where it is unclear whether a retransmission or new data should be sent. This is illustrated in Figure 1.
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Figure 1: Retransmission Conflict in case of dynamic TTIs
In that example, some radio resources are allocated to UE1 for subframe 1, and similarly resources are assigned to UE2 in subframe 2. While the transmission for UE1 was correct (HARQ ACK), the transmission for UE2 was erroneous (HARQ NAK). Consequently, the radio resources from UE1 can be used for a new transmission in the next cycle; in this case also for UE1, but now the scheduler has decided to use 3 consecutive subframes as one TTI. Then the NAK for the UE2 transmission arrives and it is unclear whether the transmission to UE1 or the retransmission for UE2 should take place, because due the synchronous HARQ a double resource allocation was made. 
A work-around would be to wait until radio resources in subsequent subframes are not needed for retransmissions any more and then to schedule data to a UE using a longer TTI consisting of several subframes. However, this would imply that sometimes resources are not utilized, because the scheduler has to block available resources until a sufficient number is available to serve a particular UE.

The second alternative, the semi-static TTI, could be introduced either on cell-level or per UE. 

The cell-specific semi-static TTI approach has the characteristic that the length of the TTI could be configured by RRC signaling. This could be done, e.g., based on the assigned bandwidth in that cell. For example, cells with a bandwidth of less than 5 MHz would always use a TTI of 1.5 ms, i.e., 3 subframes of 0.5 ms. Cells with a bandwidth of 5 MHz and more would use a TTI length of 0.5 ms. Preferred values for the TTI duration depending on the bandwidth are FFS.
The option of having a UE-specific TTI length, e.g., depending on terminal capabilities or instantaneous pathloss, introduces also the problem of mixing TTIs. Therefore, the retransmission conflict discussed above applies also here. 
A solution to this problem is to introduce only two different TTI lengths and to avoid to mix them. One TTI would be used on a predefined part of the frequency domain while the other TTI is used in the other part. A limited number of different TTIs (e.g., 2) seems possible to handle in this way, but not an arbitrary amount as with the fully dynamic TTI. However, the UE specific semi-static TTI approach is more complex then the cell-specific TTI and challenges the scheduler.
If it turns out that even for larger cell bandwidths (e.g. 20 MHz), power-limited UEs need support for better coverage, it is an option to introduce also two different cell-specific, semi-static TTIs. UEs in reasonable conditions could you use the short TTI and those at the cell border could use the longer TTI. However for the reasons illustrated above, the radio resources with long and short TTI need to be separated and should not be mixed.
3 Conclusions
The introduction of a longer TTI then 0.5 ms improves the capacity in several scenarios, because fewer resources are spent on control signalling. Also the service of UEs in power-limited scenarios is improved for the same reasons.

Based on the discussion provided in section 2, it is proposed that E-UTRA should support a cell-specific semi-static TTI of length TTTI = N×Tsub-frame. 
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