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Frame structure supporting multiple CP sizes
Hongwei YANG, Dong LI, Liyu CAI, Keying WU, Xiaolong ZHU
Alcatel Shanghai Bell Co., Ltd.
1. Introduction
In the frame structure baseline content in the latest SDD (802.16m-08/003r1), two different CP sizes of 1/8 and 1/16 Tu are supported, where Tu is the OFDMA symbol duration without CP. However, this frame structure has several open issues:

(1) These two CP sizes are not sufficient for some environments with large delay spread and especially for some services like multicast-broadcast.
(2) The CP size can only change frame by frame rather than sub-frame by sub-frame, which highly restricts the flexibility of radio resource scheduling, especially the coexistence of legacy system with CP size of 1/8 and 16m system with CP size of 1/16 within one frame.

(3) The OFDM parameter definition for CP size of 1/16 Tu is not complete. Given the overall OFDM symbols per frame, how to allocate the defined OFDM symbols per sub-frames needs further definition.
This contribution proposes to support another long CP size in the baseline frame structure so that it can adapt to the environments efficiently as well as provide better support for multicast-broadcast services (MBS) and for legacy support. Correspondingly, OFDM parameters are defined for long CP, and completed for short CP.
2. Requirements for long CP size
Single frequency network (SFN) is very important for MBS to achieve high spectral efficiency and good coverage. In SFN, all BSs transmit the same signal with the same physical layer processing at the same radio resource. This results in increased delay spread confronted by terminal. In order to model the delay spread of equivalent channel in SFN, we simulate the CDF of mean delay spread, RMS delay spread and max delay spread of equivalent channels for typical outdoor channel models in 16m EVM document with different inter-BS distances, and then derive those mean values as shown in Table 1. Effective power threshold is assumed as -30dB, and the other simulation parameters are appended in this contribution. From the table we can see that the delay spread for MBS is much larger than that for unicast service. To avoid inter-symbol-interference, CP size for MBS should be longer than unicast.
Table 1 Parameters of equivalent channel in SFN
	Channel Model
	Inter-BS Distance (m)
	Mean Delay Spread (us)
	RMS Delay Spread(us)
	Max. Delay Spread (us)

	ITU Pedestrian B
	500
	0.89
	0.78
	4.52

	
	1500
	1.54
	1.56
	9.50

	
	3000
	2.51
	2.91
	17.66

	
	5000
	3.81
	4.76
	18.67

	ITU Vehicular A
	500
	0.72
	0.62
	3.76

	
	1500
	1.40
	1.49
	9.02

	
	3000
	2.41
	2.90
	17.31

	
	5000
	3.76
	4.80
	28.39

	Urban Macro Cell
	500
	0.71
	0.58
	3.65

	
	1500
	1.32
	1.43
	9.01

	
	3000
	2.22
	2.77
	17.23

	
	5000
	3.43
	4.56
	28.25

	Bad Urban Macro Cell
	500
	1.30
	1.65
	8.81

	
	1500
	1.92
	2.16
	12.75

	
	3000
	2.85
	3.28
	20.0

	
	5000
	4.07
	4.96
	30.67

	Suburban Macro Cell
	500
	0.49
	0.48
	3.01

	
	1500
	1.12
	1.40
	8.41

	
	3000
	2.08
	2.79
	16.57

	
	5000
	3.35
	4.65
	27.46

	Urban Micro Cell-NLOS
	500
	0.53
	0.52
	3.04

	
	1500
	1.29
	1.51
	8.63

	
	3000
	2.41
	3.01
	17.03

	
	5000
	3.94
	5.01
	28.23

	Bad Urban Micro Cell
	500
	1.04
	1.00
	5.04

	
	1500
	1.66
	1.69
	10.04

	
	3000
	2.59
	2.96
	18.07

	
	5000
	3.81
	4.74
	28.90

	Rural Macro Cell
	500
	1.10
	0.65
	3.14

	
	1500
	2.97
	1.88
	8.85

	
	3000
	6.04
	3.85
	17.75

	
	5000
	10.25
	6.50
	30.01


Multi-BS MIMO technique has been proposed during last several 16m sessions to perform joint MIMO transmission and reception between multiple coordinated BSs and multiple MSs over the same radio resources. This also results in similar increased delay spread at terminal to SFN, and demands longer CP size than 1/8 Tu. In this contribution, we suggest a long CP to be adopted in 16m system to adapt environments and services. That is, three types of CP modes are defined: long CP, normal CP and short CP.
3. OFDM parameter design for IEEE802.16m
Given a CP length, there are two different ways to design a frame. One is based on an unfixed-length sub-frame, and the other on a fixed-length sub-frame. In the former case, the frame duration is fixed and thus different CP size leads to a different number of OFDM symbols per frame. In the latter one, both the frame duration and sub-frame duration is fixed and thus different CP size results in a different number of OFDM symbols per sub-frame. Which one is better needs careful consideration.

The major drawback of unfixed-length sub-frame based design is that the CP size can only change from frame to frame. When simplifying the control signaling overhead, it significantly reduces the flexibility to schedule users with different CP sizes in a frame. Moreover, since the number of OFDM symbols in a sub-frame may be different, pilot pattern, sub-carrier permutation, and HARQ timing should be specifically designed. Comparatively, fixed-length sub-frame based design supports CP size to change from sub-frame to sub-frame. At the same time, half an OFDM symbol which is typically located at the end of the subframe is often used to align the time duration of sub-frame for different CP size. Modulation of half an OFDM symbol can be implemented easily by only using the even (or odd) numbered sub-carriers and removing one half of the time waveform after IDFT modulation at the transmitter, and therefore not cost additional complexity for both transmitter and receiver.
In this contribution, OFDM parameters are proposed based on fixed-length sub-frame. The subframe structure for different CP sizes is shown in Figure 1.

The normal CP mode is the default one. In this CP configuration, there are totally 6 OFDM symbols in each subframe, each with a CP length of 1/8-Tu. For the long CP configuration, a subframe contains five and a half OFDM symbols. For the short CP mode, each subframe contains six and a half OFDM symbols.

Table 2 suggests the OFDM parameters for various CP sizes. Note that the CP length in Table 2 is in unit of samples and a sampling frequency of 11.2MHz for bandwidth of 10MHz is assumed. These values can be easily extended to the other bandwidths such as 5MHz and 20MHz.
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Figure 1: Proposed subframe structure for different CP sizes
The following principles may be used as guidelines for the application of the sub-frame structure:
(1) The CP length configuration can be performed sub-frame by sub-frame. That is, the sub-frames within one frame or super-frame can be configured differently.
(2) The configuration information can be conveyed in the frame header or superframe header.
(3) The first sub-frame in each super-frame is configured to normal CP mode. 

(4) The subframe structure can be applied to both the FDD and TDD modes.

(5) In TDD mode, for the subframe immediately before the DL/UL or UL/DL switching point, some resource will be reserved and used as RTG/TTG as follows

a) If the subframe is in normal CP mode, the last OFDM is reserved;
b) If the subframe is in short CP mode or long CP mode, the last symbol (i.e., the half OFDM symbol) and half of the second last OFDM symbol will be reserved. For example, the samples after the first half of S5 will be used as the gap in short CP case. 
Table 2: OFDM parameter definitions for the proposed CP sizes
	Nominal Channel Bandwidth (MHz)
	5
	7
	8.75
	10
	20

	Over-sampling Factor
	28/25
	8/7
	8/7
	28/25
	28/25

	Sampling Frequency (MHz)
	5.6
	8
	10
	11.2
	22.4

	FFT Size
	512
	1024
	1024
	1024
	2048

	Sub-Carrier Spacing(kHz)
	10.94
	7.81
	9.77
	10.94
	10.94

	Tu ((s)
	91.4
	128
	102.4
	91.4
	91.4

	Cyclic Prefix (CP)
	Number of samples per each OFDM symbol per sub-frame[1]
	Idle Time((s)

	
	0
	1
	2
	3
	4
	5
	6
	

	Normal CP
	128/1024[2]
	128/1024
	128/1024
	128/1024
	128/1024
	128/1024
	N/A
	62.86

	Short CP
	36/1024
	36/1024
	36/1024
	36/1024
	36/1024
	36/1024
	40/512
	62.86

	Long CP
	214/1024
	214/1024
	214/1024
	214/1024
	212/1024
	212/512
	N/A
	62.86


Note:

[1] These values are for sampling frequency of 11.2MHz for 10MHz BW and can be extended straightforwardly to BWs of 5MHz and 20MHz.

[2] A/B: A denotes the CP length and B denotes the useful OFDM symbol length, both in samples.
4. Tex proposal
-----------------------------------------Start of Text Proposal for SDD------------------------------------------

[Replace Table 11.3-1 with the following table and corresponding notes]
	Nominal Channel Bandwidth (MHz)
	5
	7
	8.75
	10
	20

	Over-sampling Factor
	28/25
	8/7
	8/7
	28/25
	28/25

	Sampling Frequency (MHz)
	5.6
	8
	10
	11.2
	22.4

	FFT Size
	512
	1024
	1024
	1024
	2048

	Sub-Carrier Spacing(kHz)
	10.94
	7.81
	9.77
	10.94
	10.94

	Tu ((s)
	91.4
	128
	102.4
	91.4
	91.4

	Cyclic Prefix (CP)
	Number of samples per each OFDM symbol per sub-frame[1]
	Idle Time((s)

	
	0
	1
	2
	3
	4
	5
	6
	

	Normal CP
	128/1024[2]
	128/1024
	128/1024
	128/1024
	128/1024
	128/1024
	N/A
	62.86

	Short CP
	36/1024
	36/1024
	36/1024
	36/1024
	36/1024
	36/1024
	40/512
	62.86

	Long CP
	214/1024
	214/1024
	214/1024
	214/1024
	212/1024
	212/512
	N/A
	62.86


Note:

[1] These values are for sampling frequency of 11.2MHz for 10MHz BW and can be extended straightforwardly to BWs of 5MHz and 20MHz.
[2] A/B: A denotes the CP length and B denotes the useful OFDM symbol length, both in samples.
[Replace Figure 11.4-2 with the following figure and corresponding text]
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Figure 11.4-2: Regular and irregular sub-frames in TDD duplex scheme
The normal CP mode is the default one. In this CP configuration, there are totally 6 OFDM symbols in each subframe, each with a CP length of 1/8-Tu. For the long CP configuration, a subframe contains five and a half OFDM symbols. For the short CP mode, each subframe contains six and a half OFDM symbols.

---------------------------------------------- End of Text Proposal for SDD---------------------------------------------
5. Appendix
The simulation parameters used in this contribution is listed in the following table:

	Parameter
	Value
	Parameter
	Value

	Carrier frequency
	2.5  GHz
	Path Loss Model
	Loss (dB) = 130.62+37.6log10(R)
(R in km) **

	Total bandwidth
	10  MHz
	Lognormal Shadowing Standard Deviation
	8 dB

	Number of points in full FFT
	1024
	Correlation Distance for Shadowing
	50m

	Sampling frequency
	11.2  MHz
	Mobility
	0-120 km/hr

	OFDMA symbol duration without CP
	91.43 us
	Transmit antenna Gain
	17 dBi

	Frame length
	5 ms
	Number of sectors per cell
	3

	Site-to-Site Distance
	500/1500/3000/5000m
	Number of cells
	19

	Carrier Frequency
	2.5 GHz
	Front-to-back power ratio
	20 dB

	BS Tx Power per sector
	46 dBm
	Noise figure 
	5 dB

	Penetration Loss
	10 dB
	Cable loss 
	2 dB



  


