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Frame Structure to Support Multiple CP Sizes with Fixed Sub-frame Size
Yungsoo Kim, Jumi Lee, Yu-Seok Kim
Samsung Electronics Co., LTD
Introduction
This contribution proposes frame structure that supports multiple CP sizes to efficiently adapt to various communication environments from indoor to outdoor cells. The proposed frame structure design is based on a fixed sub-frame size, so that it supports coexistence of different CP sizes not only in adjacent cell/frequency, but also within the same cell/frame.
Baseline Frame Structure
The baseline frame structure prepared by the Frame Structure Rapporteur Group [1] is mainly based on a fixed CP size of 1/8-Tu, where Tu is the OFDMA useful symbol time. Because the legacy system is based on the OFDM symbol with 1/8 CP, the proposed frame structure represents a basis for the design of 16m system. The 1/8 CP size corresponds to time duration of 11.43 us. However, a fixed size CP of 11.43 us can be a waste of resource for some environments such as indoor, while it may not be sufficiently long enough in a very large cell with sever multi-path propagation. It is, therefore, desirable to have multiple CP sizes in order to efficiently support the various communication environments.
The baseline frame structure content also proposes OFDMA parameters for three different CP sizes: Short, Normal, and Long. However, it does not explain how frame structure is designed using the different CP sizes. Blindly adapting various CP sizes in the frame structure design, however, can potentially lead to several important problems that severely impairs actual deployment with multiple CP sizes. In TDD mode, the DL and UL periods of the frames with different CP sizes are in general not time aligned. This can cause interference problem when different CP sizes are adapted. Another important drawback is that co-existence of different CP sizes within a frame is in general not possible, so that legacy support is not possible when using CP sizes other than the legacy 1/8 CP.
This contribution proposes a frame structure design that provides a solution for these problems. It proposes to use three different CP sizes of Short, Normal, and Long, to efficiently adapt to various communication environments. It also proposes to use sub-frame structure with a fixed size for the multiple CP sizes to address the problem of co-existence and legacy support.
Proposed Text Change
Insert the following text into Proposed 802.16m Frame Structure Baseline Content.
----------------------------------------------------Text Start-----------------------------------------------------------------
11.3 OFDMA Parameters
	Nominal Channel Bandwidth (MHz)
	5
	10
	20

	Over-sampling Factor
	28/25
	28/25
	28/25

	Sampling Frequency (MHz)
	5.6
	11.2
	22.4

	OFDM Symbol Types
	Full
	Half
	Full
	Half
	Full
	Half

	FFT Size
	512
	256
	1,024
	512
	2,048
	1,024

	Sub-carrier Spacing (kHz)
	10.94
	21.88
	10.94
	21.88
	10.94
	21.88

	OFDMA Useful Symbol Time Tu (s)
	91.43
	45.71
	91.43
	45.71
	91.43
	45.71

	CP Length Tcp (s)
	Short
	3.21

	
	Normal
	11.43

	
	Long
	18.93

	Symbol Duration Ts (s)
	Short
	94.64
	48.92
	94.64
	48.92
	94.64
	48.92

	
	Normal
	102.86
	57.14
	102.86
	57.14
	102.86
	57.14

	
	Long
	110.36
	64.64
	110.36
	64.64
	110.36
	64.64

	Sub-frame Duration (s)
	617.14

	Number of Sub-frames per Frame
	8

	Idle Time per Frame (s)
	62.86


Table 11.3-1: OFDMA parameters for IEEE 802.16m
In addition to the full OFDM symbol, the proposed frame structure uses half OFDM symbol that consists of a CP with the same size of the CP of the full OFDM symbol, and the useful symbol part which is half of that of the full OFDM symbol. The proposed frame structure uses three different CP sizes: Short, Normal and Long.
11.4 Frame Structure
11.4.1 Basic Frame Structure

[image: image1]
Figure 11.4-1: Propose basic frame structure supporting multiple CP sizes
The IEEE 802.16m basic frame structure is illustrated in Figure 11.4-1. Each 20ms super-frame is divided into four equally sized 5ms radio frames. Each frame further consists of eight equally sized sub-frames. Each sub-frame can be assigned for either downlink or uplink transmission/reception depending on the duplexing scheme. The sub-frame is defined for three different CP sizes, in which the number of OFDM symbols within the sub-frame is varied according to the CP sizes. 
The sub-frame size is 617.14us, which is equal to six full OFDM symbols with Normal CP size. For Short CP size, the sub-frame consists of six full symbols and one half symbol with idle time of 0.71 us. For Long CP size, the sub-frame consists of five full symbols and one half symbol with idle time of 0.36 us. The idle time is needed to exactly match the same sub-frame size of 617.14 us. The CP size of one of the symbols within the sub-frame can be increased by the idle time instead of keeping the idle time.
For TDD mode, guard time is needed at the switching point between DL and UL periods. Irregular sub-frame is defined with additional idle time by reducing OFDM symbols within the sub-frame. The size of the idle time is chosen considering the cell size the CP size is aimed for.
	CP Sizes, s
	# of OFDM Symbols
	Idle Time, s

	
	Full
	Half
	

	Normal
	11.43
	6 (5)
	0 (0)
	0  (102.86)

	Short
	3.21
	6 (6)
	1 (0)
	0.71 (49.29)

	Long
	18.93
	5 (4)
	1 (0)
	0.36 (175.71)


    ( ) corresponds to irregular Sub-frame case
Table yy: Numerology for the Sub-frame with multiple CP sizes

11.4.2 Frame Structure Supporting Legacy Frames
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Figure 11.4-3: Frame Structure supporting Legacy Frames
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Figure 11.4-3: Frame Structure supporting Legacy Frames

----------------------------------------------------End of Text-----------------------------------------------------------------
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