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1. Introduction

In [1], we are proposing to modify the LTE TDD Alternative Frame structure, i.e. merge TS0 with DwPTS so that new TS0* will have 10/9 symbols for short/long CP; and merge UpPTS with TS1 so that new TS1* will have 2 SB and 10/9 LB for short/long CP. The modified the frame structure is shown in figure 1. In section 2, the corresponded parameters updates are proposed to fit into modified frame structure and ask for endorsement into the specification.
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Figure 1, Frame Structure of one pair of switching points between DL and UL traffic timeslot
2. Discussion
As shown in figure 1, the TS0* and TS1* are newly formed timeslot merging the original DwPTS, UpPTS and partial GP1. The corresponded numerology updates for TS0* are shown below in table 1, one more symbol is added to the original TS0, otherwise the frame structure is unchanged.
Table 1 Numerology TS0*
	Transmission BW
	1.6 MHz
	5 MHz
	10 MHz
	15 MHz 
	20 MHz

	Timeslot duration 
	0.75ms (TS0)

	Sub-carrier spacing
	15 kHz

	Sampling frequency 
	1.92 MHz
(1/2 ( 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
	512
	1024
	1536
	2048

	Number of occupied 
sub-carriers†
	97
	301
	601
	901
	1201

	Number of 
OFDM symbols 
per Timeslot
(Short/Long CP)
	10/9

	CP length (μs/samples)
	Short
	8.33/16
	8.33/64
	8.33/128
	8.33/192
	8.33/256

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


†Includes DC sub-carrier which contains no data

The sub-frame structure and numerology updates for TS1* in case of short CP are shown below in table 2. It is FFS whether more SBs are needed for uplink RS due to longer timeslot. It is FFS whether more SBs are needed for UL RS due to longer timeslot.
[image: image2.wmf]C

P

SB

1

C

P

LB

1

C

P

LB

2

C

P

LB

3

C

P

LB

4

C

P

LB

7

C

P

LB

8

C

P

LB

9

C

P

SB

2

C

P

LB

10

T

I

1 

Timeslot 

= 

0

.

82

5

ms

C

P

LB

5

C

P

LB

6


Table 2 Uplink TS1*, short CP
	Spectrum Allocation
(MHz)
	Timeslot 1* duration
(ms)
	Long block size
((s/#of occupied subcarriers /samples*2)
	Short block size
((s/#of occupied subcarriers /samples)
	Short CP duration
((s/samples *1)
	Timeslot Interval

(us/samples)

	20
	0.825
	66.67/1200/2048
	33.33/600/1024
	(6.90/212) ( 11,

(7.42/228) ( 1*
	8.33/256

	15
	0.825
	66.67/900/1536
	33.33/450/768
	(6.90/159) ( 11,

(7.42/171) ( 1*
	8.33/192

	10
	0.825
	66.67/600/1024
	33.33/300/512
	(6.90/106) ( 11,

(7.42/114) ( 1*
	8.33/128

	5
	0.825
	66.67/300/512
	33.33/150/256
	(6.77/52) ( 11,

(8.85/68) ( 1*1
	8.33/64

	1.6
	0.825
	66.67/96/128
	33.33/48/64
	(6.77/13) ( 11,

(8.85/17) ( 1*
	8.33/16


*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
In case of long CP, the TS1* time structure and updated numerology are shown in table 3.

[image: image3.wmf]C

P

SB

1

C

P

LB

1

C

P

LB

2

C

P

LB

3

C

P

LB

4

C

P

LB

7

C

P

C

P

LB

8

SB

2

C

P

LB

9

T

I

1 

Timeslot 

= 

0

.

82

5

ms

C

P

LB

5

C

P

LB

6


Table 3 Uplink TS1*, Long CP
	Spectrum Allocation
(MHz)
	Timeslot duration
(ms)
	Long block size
((s/#of occupied subcarriers /samples*2)
	Short block size
((s/#of occupied subcarriers /samples)
	Long CP duration
((s/samples *1)
	Timeslot Interval

(us/samples)

	20
	0.825
	66.67/1200/2048
	33.33/600/1024
	(13.54/416) ( 10,

(14.58/448) ( 1*
	8.33/256

	15
	0.825
	66.67/900/1536
	33.33/450/768
	(13.54/312) ( 10,

(14.58/336) ( 1*
	8.33/192

	10
	0.825
	66.67/600/1024
	33.33/300/512
	(13.54/208) ( 10,

(14.58/224) ( 1*
	8.33/128

	5
	0.825
	66.67/300/512
	33.33/150/256
	(13.54/104) ( 10,

(14.58/112) ( 1*
	8.33/64

	1.6
	0.825
	66.67/96/128
	33.33/48/64
	(13.54/26) ( 10,

(14.58/28) ( 1*1
	8.33/16


*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. Conclusions

The updates on numerology of LTE alternative frame structure are proposed for discussion and endorsement.
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