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1. Introduction
In [6], it was agreed that further methods for performance optimization of frame-structure Type 2 are needed. In this contribution, we focus on improving the performance of frame-structure Type 2 while keeping the RS overhead low, for high-speed UEs. 
Demodulation reference signals (DM RS) are commonly designed with following considerations and goals

· To maintain satisfactory link level performance
· To maintain low reference signal (RS) overhead

In high-Doppler environments (i.e., for high-speed mobiles), the EUTRA UL link performance suffers from serious performance degradations. In contrast, the DL performance is maintained well beyond into the high – speed scenarios. The fundamental reason is that the DM reference signal is sent in two OFDM symbols (in one slot) in the DL, whereas in the UL, there a single reference signal occupying the entire OFDM symbol.

For frame – structure Type 2 (and “short CP” option), the reference signal is positioned inside the fifth OFDM symbol, as shown in Figure 1. Such reference signal structure is appropriate for low-speed mobiles, and massive performance degradation is incurred for high speed mobiles. Essentially, for high – speed mobiles, the channel in S1 and S9 is practically uncorrelated, and applying a single channel estimate for the entire slot becomes increasingly problematic. This problem is already apparent in frame – structure Type 1, but is even worse in frame-structure Type 2. The reason is that slot duration in frame-structure Type 2 is 0.675ms, which is longer than 0.5ms in frame-structure Type 1.    
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Figure 1: Timing Diagram of a 0.675ms Slot. Low-Speed RS is in S5.
Thus, in order to maintain a good link-performance for high-speed mobiles, a different reference signal structure is needed, so that a mobile can switch between low and high-speed reference signal structures when appropriate (commanded by the NodeB). One option is to re-define the slot structure for high-speed mobiles and position a reference signal in two whole OFDM symbols, such as symbol S3 and S7, for example. However, this is not desirable, since the RS overhead for such structure is quite large (almost ¼). So, a reference signal structure is needed for high-speed mobiles, which can maintain a low RS overhead. 
2. High-Speed Reference Signal Structure with Low Overhead

In order to achieve a low overhead solution, reference signals can be positioned in fractions on OFDM symbols. Thus, there is no need to allocate an entire OFDM symbol for a reference signal. For example, Figure 2 below shows a method for positioning a reference signal inside a part of S3. In particular, Figure 2 shows how reference signal can occupy the first part of S3.  
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Figure 2: Insertion of RS in a part of S3. The RS is placed in S3.1.
In order to enable a support of high-speed mobiles, reference signals can be positioned in parts of S3 and S7, as shown in Figure 3 below. In particular, the first part of S3 and the last part of S7 contain reference signals. Cyclic prefixes are inserted before the DFT in order to guard reference signals from the rest of the OFDM symbol, and vice versa.      
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Figure 3: 0.675ms Slot Diagram. RS locations are in S3.1 and S7.2.
As per [5], OFDM symbol can be partitioned in proportion 1:4:1:6, where “1” corresponds to the length of the cyclic prefixes for the first and second part of the OFDM sub-symbols, where “4” corresponds to the length of the reference signal, and “6” to the length of the remaining (data) portion of the OFDM symbol. Reference [5] also shows link – level performance results.  
Reference receiver (i.e. initial stages of the channel estimator) is shown in Figure 4 below. 
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Figure 4: Reference Demodulator. Channel Estimation Proceeds from RS in S3.1 [and in S7.2]

3. Conclusion

This contribution shows how a good UL link – level performance can be achieved with low RS overhead. For frame – structure Type 2 with “short CP” option, a reference signal can be inserted in the first part of S3 and the last part of S7. Similar solution could apply to the “long CP option” where reference signals could be inserted in the last part of S2 and the first part of S7. Alternatively, for the “long CP” the reference signals can be inserted in the first part of S3 and the last part of S6. 
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