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1 Introduction

In current alternative TDD frame structure (abbreviated as A-TDD hereafter), DwPTS contains P-SCH signal for cell search purpose. Same as FDD, P-SCH occupies the center 72 subcarriers. Since DwPTS is a special OFDM symbol, how to utilize the remaining resource in DwPTS becomes an issue. In this contribution, we discuss how to fully utilize DwPTS.
2  Discussion
Figure 1 is the frame structure for A-TDD. DwPTS is one special DL OFDM symbol following subframe #0, and contains P-SCH signal. P-SCH occupies the center 72 subcarriers of DwPTS. The duration of DwPTS is 2572
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Ts ms, which is slight larger than one OFDM symbol duration (2560
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Ts ms) with extended cyclic prefix, where Ts = 10ms / 307200.
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Figure 1 Alternative TDD frame structure
Nulling the remaining subcarriers other than the center 72 subcarriers in DwPTS will result in a non-negligible waste of time-frequency resource especially for larger system bandwidths. One example is given in Table 1 below, assuming
· 20 MHz system bandwidth (with 1200 usable subcarriers in one OFDM symbol excluding DC)
· 4 subframes per half-frame are used for downlink transmission
Table 1 Percentage of Remaining Resource in DwPTS 
	
	Number of OFDM Symbols per subframe
	Total Resource Elements per half-subframe
	Remaining Resource Elements in DwPTS
	Ratio

	Normal Cyclic Prefix
	9
	1200 * 9 * 4 = 43200
	1200 – 72 = 1128
	2.61%

	Extended Cyclic Prefix
	8
	1200 * 8 * 4 = 38400
	1200 – 72 = 1128
	2.94%


From Table 1 above, it is obvious that the remaining resource in DwPTS should be utilized to maximize system capacity.
How to utilize the remaining resources in DwPTS then? Following is a list of alternatives:
· Approach 1: Merge DwPTS with Subframe #0.
This is the solution mentioned in [1]. The benefit is that the resource is utilized efficiently; however numerology needs to be updated. One additional drawback is that subframe #0 contains different number of OFDM symbols compared with other DL subframes, which might increase DL complexity slightly.
· Approach 2: Treat DwPTS as an extension of subframe #0 without change of numerology.
This is similar as the approach 1 above. The difference is that current numerology is not changed.
· Approach 3: Treat DwPTS as a special DL subframe.
This alternative considers that the remaining resource in DwPTS can be used to transmit standalone data. Considering that it only contains one OFDM symbol, such approach is inefficient therefore not recommended.
· Approach 4: Transmit DL control signaling.
This approach considers that remaining resource in DwPTS can be used to transmit DL control signaling. DL scheduling control, UL grant, and DL ACK/NAK are candidates to be transmitted. One issue to note is that since DwPTS is quite close to uplink transmission, the timing relationship with uplink transmission should be considered in this approach.
The benefits of this proposal are that the resource is efficiently utilized and every downlink subframe contains same amount of resource for data transmission.
To utilize the resource efficiently while minimize the impact on current numerology, it is proposed to consider approach 2 and approach 4.
3 Conclusion 
In this contribution, we recommend utilizing the remaining resource in DwPTS by either transmitting DL data (as an extension of subframe #0 without change of numerology) or DL control.
4 References 
[1] Nokia, R1-063528, “Consideration on LTE TDD Alternative Frame Structure”, 3GPP RAN1#47 meeting, Riga, Latvia, November 6-10, 2006.
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