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1 Introduction
In the RAN1 #42bis in San Diego, RAN1#43 in Seoul and RAN#30 plenary in Malta, some contributions [5,6,7,8] were discussed and the frame structure and DL Numerology based on OFDM proposed have been agreed as co-existence with LCR-TDD [1,2,3,4].
According to the reference [2], the low-PAPR single-carrier transmission (SC-FDMA) was agreed as the uplink multiple access scheme. In this contribution, we propose UL Numerology based on DFT-s OFDM, aiming at frame structure of E-UTRA TDD described in section 6.2.1.1 of [1]，and the link level simulation results based on proposed structure are provided.
2 Uplink numerology of DFT-s OFDM based TDD system

With the intention of providing co-existence with LCR UTRA TDD, The frame structure illustrated in [1] is supported. a 10 ms radio frame is divided into 2 equally sized 5 ms radio sub-frames, one radio sub-frame consists of seven traffic time slots (TS0~TS6) and three special time slots, one example is shown in figure 1. 
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Figure 1 frame structure for EUTRA TDD

This contribution proposes DFT-s OFDM as the uplink multiple access scheme. The basic timeslot structure for the uplink transmission is given in Figure 2 using two short blocks (SB) and eight long blocks (LB) per timeslot according to the E-UTRA TDD system described in section 6.2.1.1[1]. Short blocks are used for reference signals for coherent demodulation and/or control/data transmission. Long blocks are used for control and/or data transmission. The uplink numerology of DFT-s OFDM for the different spectrum allocations are listed in Table 1. The minimum TTI for uplink transmission is equal to the uplink timeslot duration. Similar to the downlink, the possibility to concatenate multiple sub-frames into longer uplink TTIs should be considered.
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Figure2 Timeslot format with two short blocks/timeslot

Table1 Parameters for Uplink Transmission Scheme using BW efficiency of ~90%
	Spectrum Allocation
(MHz)
	Timeslot duration
(ms)
	Long block size
((s/#of occupied subcarriers /samples*2)
	Short block size
((s/#of occupied subcarriers /samples)
	CP duration
((s/samples *1)
	Timeslot Interval

(us/samples)

	20
	0.675
	66.67/1200/2048
	33.33/600/1024
	(6.71/206) ( 9,

(6.97/214) ( 1*
	7.68/236

	15
	0.675
	66.67/900/1536
	33.33/450/768
	(6.77/156) ( 9,

(7.11/164) ( 1*
	6.94/160

	10
	0.675
	66.67/600/1024
	33.33/300/512
	(6.71/103) ( 9,

(7.22/111) ( 1*
	7.42/114

	5
	0.675
	66.67/300/512
	33.33/150/256
	(6.64/51) ( 9,

(7.67/59) ( 1*
	7.54/58

	2.5
	0.675
	66.67/150/256
	33.33/75/128
	(6.51/25) ( 9,

(8.58/33) ( 1*
	7.80/30

	1.25
	0.675
	66.67/75/128
	33.33/38/64
	(6.25/12) ( 9,

(10.4/20) ( 1*1
	8.32/16


*1: {(x1/y1) ( n1, (x2/y2) ( n2} means (x1/y1) for n1 reference signal or data blocks and (x2/y2) for n2 reference signal or data blocks
*2: FFT size = samples
3 Simulations
Table2 Simulation Assumptions
	Simulation parameter
	Assumptions

	BW
	5 MHz

	Sampling  frequency
	 7.68MHz

	LB size
	512(66.67us)

	SB size
	256(33.33us)

	Channel model
	TU 12 (30km/h, 120km/h, 350km/h)

	Antenna Configuration
	 1 Tx antenna, 2 Rx antenna

	Pilot insertion
	Time domain pilot insertion

	Repetition factor
	2,4,6

	Modulation  scheme
	QPSK

	Channel estimation in frequency domain
	 MMSE 

	Channel estimation in time domain
	 Linear interpolate between SB
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Figure 3 Comparison of Channel Estimation Performance, UE speed=30km/h
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Figure 4 Comparison of Channel Estimation Performance, UE speed=30, 120,350 km/h, RPF＝4
4  Conclusion

This contribution gives numerology for uplink based on EUTRA TDD frame structure described in section 6.2.1.1 of [1]. Uplink numerology based on SC-FDMA is proposed. And text proposal for TR25.814 is proposed as following.

5  Text proposal for TR 25.814 
---------------------------------Start of Text Proposal--------------------------------------------

9.1.1
Basic transmission scheme

The basic sub-frame structure for the uplink transmission is given in Figure 9.1.1-3 using two short blocks (SB) and six long blocks (LB) per sub-frame. Short blocks are used for reference signals for coherent demodulation and/or control/data transmission. Long blocks are used for control and/or data transmission. Note that the data could include either or both of scheduled data transmission and contention based data transmission. Furthermore, the same sub-frame structure is used for both localized and distributed transmission.

The numerology for the different spectrum allocations is shown in Table 9.1.1-1. The minimum TTI for uplink transmission is equal to the uplink sub-frame duration. Similar to the downlink, the possibility to concatenate multiple sub-frames into longer uplink TTIs should be considered.
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Figure 9.1.1-3. Sub-frame format with two short blocks/sub-frame

Table 9.1.1-1. Parameters for Uplink Transmission Scheme using BW efficiency of ~90%

	Spectrum Allocation
(MHz)
	Sub-frame duration
(ms)
	Long block size
((s/#of occupied subcarriers /samples*2)
	Short block size
((s/#of occupied subcarriers /samples)
	CP duration
((s/samples *1)


	20
	0.5
	66.67/1200/2048
	33.33/600/1024
	(4.13/127) ( 7,

(4.39/135) ( 1*

	15
	0.5
	66.67/900/1536
	33.33/450/768
	(4.12/95) ( 7,

(4.47/103) ( 1*

	10
	0.5
	66.67/600/1024
	33.33/300/512
	(4.1/63) ( 7,

(4.62/71) ( 1*

	5
	0.5
	66.67/300/512
	33.33/150/256
	(4.04/31) ( 7,

(5.08/39) ( 1*

	2.5
	0.5


	66.67/150/256
	33.33/75/128
	(3.91/15) ( 7,

(5.99/23) ( 1*

	1.25
	0.5
	66.67/75/128
	33.33/38/64
	(3.65/7) ( 7,

(7.81/15) ( 1*1


*1: {(x1/y1) ( n1, (x2/y2) ( n2} means (x1/y1) for n1 reference signal or data blocks and (x2/y2) for n2 reference signal or data blocks
*2: FFT size = samples
Note that the largest CP duration includes guard time for ramp up + ramp down time
For E-UTRA TDD, the frame structure corresponding to Table 9.1.1-1 is supported.  In addition, a second frame structure is also supported with the intention of providing co-existence with LCR UTRA TDD. The sampling frequency, FFT size, sub-carrier spacing, and number of occupied sub-carriers is the same as for Table 9.1.1-1. However, with this alternative frame structure described in section 6.2.1.1, the basic timeslot structure for the uplink transmission is given in Figure 9.1.1-4 using two short blocks (SB) and eight long blocks (LB) per timeslot. The uplink numerology for the different spectrum allocations are listed in Table 9.1.1-2. 
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Figure9.1.1-4 Timeslot format with two short blocks/timeslot

Table9.1.1-2 Parameters for Uplink Transmission Scheme using BW efficiency of ~90%

	Spectrum Allocation
(MHz)
	Timeslot duration
(ms)
	Long block size
((s/#of occupied subcarriers /samples*2)
	Short block size
((s/#of occupied subcarriers /samples)
	CP duration
((s/samples *1)
	Timeslot Interval

(us/samples)

	20
	0.675
	66.67/1200/2048
	33.33/600/1024
	(6.71/206) ( 9,

(6.97/214) ( 1*
	7.68/236

	15
	0.675
	66.67/900/1536
	33.33/450/768
	(6.77/156) ( 9,

(7.11/164) ( 1*
	6.94/160

	10
	0.675
	66.67/600/1024
	33.33/300/512
	(6.71/103) ( 9,

(7.22/111) ( 1*
	7.42/114

	5
	0.675
	66.67/300/512
	33.33/150/256
	(6.64/51) ( 9,

(7.67/59) ( 1*
	7.54/58

	2.5
	0.675
	66.67/150/256
	33.33/75/128
	(6.51/25) ( 9,

(8.58/33) ( 1*
	7.80/30

	1.25
	0.675
	66.67/75/128
	33.33/38/64
	(6.25/12) ( 9,

(10.4/20) ( 1*1
	8.32/16


*1: {(x1/y1) ( n1, (x2/y2) ( n2} means (x1/y1) for n1 reference signal or data blocks and (x2/y2) for n2 reference signal or data blocks
*2: FFT size = samples
---------------------------------End of Text Proposal---------------------------------------------
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