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1. Introduction

In the previous meetings, TDD frame structures for co-existence with LCR was defined and mostly accepted by RAN1. This contribution propose a modification of parameters for TDD frame structure to improve spectrum efficiency and performance of LTE TDD system.

In TR25.814, there are two length types of time slot interval (samples) of TDD frame structure for co-existence with LCR (see table 1). Take 1.25M bandwidth for example. The time slot interval is 18 samples where short CP is used, and the time slot interval is 16 samples where long CP is used. In fact, the difference of 2 samples has a little effect on performance, and may increase complexity of implement. Also, the short CP length of “7.29/14” may be too long and less spectrum efficiency. 

Table 1 - Parameters for downlink transmission scheme (alternative TDD frame structure)
	Transmission BW
	1.25 MHz
	2.5 MHz
	5 MHz
	10 MHz
	15 MHz 
	20 MHz

	CP length (μs/samples)
	Short
	7.29/14
	7.29/28
	7.29/56
	7.29/112
	7.29/168
	7.29/224

	
	Long
	16.67/32
	16.67/64
	16.67/128
	16.67/256
	16.67/384
	16.67/512

	Timeslot Interval (samples)
	Short
	18
	36
	72
	144
	216
	288

	
	Long
	16
	32
	64
	128
	192
	256


2. Modification of parameters for TDD frame structure
In order to make full use of the CP length for better performance, one way is to unify time slot interval  through all bandwidths into 2^k samples which k=4..9, no matter what kind of CP length is used, which means convenience for digital hardware to process. The 2 surplus samples of timeslot interval, which is from 2^k+2 samples when short CP is used, will be added to two CPs in the subframe. Considering short CP length is too long for LTE deployment scenario, we recommend to change it to two kinds, that is 5.21μs (applied to 7 symbols) and 15.1μs (applied to 2 symbols). Then we derived the set of parameters for TDD frame structure as table 2.

Table 2 – Recommended parameters for downlink transmission scheme (alternative TDD frame structure)
	Transmission BW
	1.25 MHz
	2.5 MHz
	5 MHz
	10 MHz
	15 MHz 
	20 MHz

	CP length (μs/samples)
	Short
	(5.21/10) ×7, (15.1/29) ×2 
	(5.21/20) ×7, (15.1/58) ×2 
	(5.21/40) × 7, (15.1/116) ×2 
	(5.21/80)×7, (15.1/232) ×2 
	(5.21/120)×7, (15.1/348)×2 
	(5.21/160)×7, (15.1/464)×2 

	
	Long
	16.67/32
	16.67/64
	16.67/128
	16.67/256
	16.67/384
	16.67/512

	Timeslot Interval (samples)
	16
	32
	64
	128
	192
	256


The benefits of parameter modification are as follow:

· “Shorter” short CP length of 5.21μs is optimum for the cell radius of up to approximately 10 km [2].

· “Longer” short CP can be applied to more important message, such as reference signals, short multicast and broadcast messages. 

· “Longer” short CP will reduce the frequency to use 8 long CP symbol subframe, and thus improve spectrum efficiency.

3. Recommendation

Through unification of the timeslot interval and modification of short CP length, parameters with better spectrum efficiency and system performance for TDD frame structure are achieved. 

---------------------------------Start of Text Proposal--------------------------------------------
The following text proposal is for TR25.814.

Table 7.1.1-2 - Parameters for downlink transmission scheme (alternative TDD frame structure)
	Transmission BW
	1.25 MHz
	2.5 MHz
	5 MHz
	10 MHz
	15 MHz 
	20 MHz

	Timeslot duration 
	0.675 ms

	Sub-carrier spacing
	15 kHz

	Sampling frequency 
	1.92 MHz
(1/2 ( 3.84 MHz)
	3.84 MHz
	7.68 MHz
(2 ( 3.84 MHz)
	15.36 MHz
(4 ( 3.84 MHz)
	23.04 MHz
(6 ( 3.84 MHz)
	30.72 MHz
(8 ( 3.84 MHz)

	FFT size
	128
	256
	512
	1024
	1536
	2048

	Number of occupied 
sub-carriers†, ††
	76
	151
	301
	601
	901
	1201

	Number of 
OFDM symbols 
per Timeslot
(Short/Long CP)
	9/8

	CP length (μs/samples)
	Short
	(5.21/10)×7, (15.1/29) ×2 
	(5.21/20) ×7, (15.1/58) ×2 
	(5.21/40) × 7, (15.1/116) ×2 
	(5.21/80)×7, (15.1/232)×2 
	(5.21/120)×7, (15.1/348) ×2 
	(5.21/160) ×7, (15.1/464) ×2 

	
	Long
	16.67/32
	16.67/64
	16.67/128
	16.67/256
	16.67/384
	16.67/512

	Timeslot Interval (samples)


	
16
	
32
	
64
	
128
	
192
	
256


†Includes DC sub-carrier which contains no data

†† This is the assumption for the baseline proposal. Somewhat more carriers may be possible to occupy in case of the wider bandwidth
---------------------------------End of Text Proposal---------------------------------------------
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