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1. Introduction
In this contribution, it is tried to compare different configurations of “special time slot” in LTE TDD frame structure type 2 and provide a solution for flexible GP and increased efficiency. In section 2, the details of the possible configurations are provided. 



2. Special Time Slot configuration
In LTE TDD frame structure type 2, the special time slot is neither purely downlink nor purely uplink, there is DwPTS, which is downlink signal, the GP in the middle and the UpPTS, which is uplink. In the figure 1, there are 3 cases of special time slot configuration illustrated.  

[image: image2.emf] 

5ms  

# 0   # 1   # 2   # 3  

X  ms  

DwPTS  

Y  ms  

Special time slot  

Case  (1)  

DwPTS  

Case  (2)  

UpP TS  

GP  

S - SCH  

GP  

Case  (3)  

UpP TS  

DL data or  control  

GP  

Y ms  

Y ms  

Y ms  

Time slot   or  sub - frame  

#N  


Figure 1 Possible arrangements of the special time slot for FS2
Case 1: It is same as the current configuration, the DwPTS occupies 1 OFDM symbol at the beginning, is followed by the GP and the UpPTS occupying last few OFDM symbols. The GP and the length of UpPTS can be flexibly configured. The main drawback of this configuration is that, it produces small fractions of resources in both downlink and uplink, which is definitely not efficient.
Case 2: The S-SCH occupies 1 OFDM symbol of special time slot in front of DwPTS, which originally occupies the last OFDM symbol of TS0. The location of the DwPTS is the OFDM symbol following the S-SCH. The GP is configured flexibly and the remaining resources are configured to carry either data or signal in downlink. The change in TS0 (or sub-frame 0) is not considered in this document. The main drawback of this configuration is that TS0 requires re-configuring.
Case 3: The DwPTS is removed from special time slot, it occupies the last OFDM symbol of TS0 (or sub-frame 0) and the S-SCH occupies second last OFDM symbol, which is same as in the FDD frame structure. The special time slot contains the GP and the UpPTS, which can be configured flexibly with the granularity of 1 OFDM symbol. The special time slot can be considered here as purely uplink, it avoids the fractional resources in downlink. 
As the UpPTS occupies 1.25MHz in bandwidth no matter how big is the system bandwidth, there may be fractional frequency resources. If the system configures multiple of UpPTS such that it covers whole system bandwidth then there is no fractional frequency resources at UpPTS. 
In the Case 3 mentioned above, we shall consider utilization of the fractional frequency resources at UpPTS, in case the multiple UpPTS do not occupy the whole system bandwidth.

3. The fractional frequency resources at UpPTS
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Figure 2, example with 4 OFDM symbols as UpPCH 
Since the length of GP is flexible, and the system may allocate multiple 1.25MHz spectrum of UpPCH as well which will lead to the variable fractional frequency resources at UpPTS within special time slot. Thus this resource is not suitable for carrying dedicated or important signaling data in uplink. The available resources however can be utilized to send the signals such as sounding signals in uplink. The eNodeB (or simply the network side) will schedule the available resources for sending sounding signals for different UEs. The resource granularity could be 1 or multiple OFDM symbols in time and multiple of 12 sub-carriers in frequency domain. It will save the resources for sounding in the traffic time slots. Since this resource is variable, minimum is ZERO, in this case sounding signals will be sent in the traffic time slots in uplink. For example, in figure 2, the UpPCH occupies 4 OFDM symbols within the special slot. One UE occupies one of multiple of block/s of resources as shown in the figure to send the sounding signal.

4. Conclusion
We propose the special time slot configuration as shown in Case 3 above, i.e. the DwpTS is moved into TS0 (or sub-frame 0), there are only GP and UpPTS. This configuration avoids the unnecessary fraction of resources in downlink and provides more flexibility with the GP and UpPTS.
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