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Flexible OFDM parameters for better performance 

Mariana Goldhamer

Alvarion Ltd.
OFDMA Parameters and sub-frames
The way in which the OFDMA parameters are defined within the 802.16m System Description Document is not optimal.
The OFDMA Parameters (11.3) are defined such to keep the numerology of the Rev. 2, which is not suitable to the 6 symbols-based sub-frames. We see “derivatives” using 7 symbols per sub-frame. These “odd” creations increase the system complexity reduce the performance, due to lack of support for Alamouti time-space coding scheme, using two consecutive symbols. With sub-frame size of 7 symbols, the result will be un-used symbols!
Support for 7MHz channels

The existing numerology leaves 680us as “idle time”. Considering that 60us are used in other modes for Tx/Rx switching, we have here a wasted capacity of 12.4%. This obviously is against to the SRD. Introducing 7 data symbols/sub-frame is a not trivial complication of the design.
Using different OFDM parameters

During each of the sub-frames may be used OFDM technologies with different PHY parameters. For example, the Legacy OFDMA uses a sampling rate such to produce 47 symbols per 5ms frame and 10MHz channels. Some time is leaved for two Tx/Rx switching points. 802.16m can use different sampling rates, which will allow the operation with sub-frames having always data transmitted in 6 symbols. If one symbol is used at the start of the DL frame for synchronization and one at the start of the UL frame for sounding, the optimal number of symbols per frame will be 50. We give in continuation an example of design for 50 symbols a frame and two Tx/Rx switching points. If the sounding symbol will not be used, the optimum number of symbols per frame will be 49.
Proposed solution for the OFDMA numerology
Every 802.16m Frame or even every Zone may use a different OFDMA numerology, such that the spectrum will be optimally used.

The elements of the proposed solution are:

· Flexible numerology, which includes additional symbols per Frame; these symbols can be used for downlink synchronization and for up-link sounding. 
· Define the numerology for the case of reduced Cyclic Prefix (1/16 of symbol duration)
· Keep the same occupied spectrum as in the Legacy solution

· Minimize the idle time to what is really needed

· Use implementable integers for clock synthesizer chips.
We will present in continuation the proposed numerology for 49 symbols in a 5ms Frame and for 50 symbols in a 5ms Frame, such to include two Tx/Rx switching points. Different solutions are proposed for CP=1/8 or 1/16 of the symbol duration. Additional switching points can be always obtained by dropping one symbol. More symbols can be created by increasing the sampling rate while keeping the same occupied spectrum.

We propose two different numerologies for the 7MHz band, based on the frequency where it is used. The symbol duration and idle time should be higher in 700MHz as compared with 3.5MHz. The 3.5MHz symbol duration can be shorter, as the propagation attenuation creates lower multi-path. 

We will also propose the numerology for the 15MHz channel width, which is supported by LTE but it is not supported yet by 802.16.
OFDMA numerology – 48 symbols per frame

This solution is detailed in the 802.16 Legacy standard and also in SDD.
Table 1 Existing OFDMA numerology

[image: image1.emf]
In case of 7MHz bandwidth, the idle time is actually 680us (the table entry of 104us is mistaken!). Four symbols remain un-used!
OFDMA numerology – 50 symbols per frame, CP=1/8
To achieve, for channel BW of 5, 10 and 20MHz, the accommodation of 50 symbols per 5ms frame, with aprox. 60 us for switching time, the sampling frequency has to be increased by 50/48= 4%. 
The proposed OFDMA numerology, providing two more symbols per 5ms frame and occupying the same spectrum as the legacy system, resolves the following:
· All the sub-frames have fixed duration: 6 symbols and in addition are provided two symbols for preambles (UL and DL)
· This scheme is suitable for bringing the MIMO operation, Reuse 1 and Reuse N operation at the start of the Frame; in this mode all the sub-frame symbols will be used in any MIMO mode and no symbols will be wasted.
Table 2 – Proposed OFDMA numerology 50 symbols, CP=1/8
	Nominal Channel Bandwidth (MHz)
	5
	7
	7
	8.75
	10
	20

	Band of operation
	 
	700MHz
	3.5GHz
	 
	 
	 

	Over-sampling Factor
	1.167
	1.111
	1.167
	1.175
	1.167
	1.167

	 
	7/6
	4/3
	7/6
	47/40
	7/6
	7/6

	Sampling Frequency (MHz)
	5.833
	7.778
	8.167
	10.281
	11.667
	23.333

	FFT Size 
	512
	1024
	512
	1024
	1024
	2048

	Sub-Carrier Spacing (kHz)
	11.393
	7.595
	15.951
	10.040
	11.393
	11.393

	Useful symbol time Tu (μs)
	87.77
	131.66
	62.69
	99.60
	87.77
	87.77

	Used carriers
	397
	795
	397
	795
	795
	1591

	Number of sub-channels (Psc=18)
	22
	44
	22
	44
	44
	88

	Legacy occupied spectrum (kHz) for PUSC
	4605
	6570
	6570
	8213
	9198
	18386

	Occupied spectrum (kHz)
	4523
	6038
	6332
	7982
	9058
	18127

	Cyclic prefix: Tg=1/8Tu
	0.125
	0.125
	0.125
	0.125
	0.125
	0.125

	 
	 
	 
	 
	 
	 
	 

	Symbol time Ts (us)
	98.743
	148.114
	70.531
	112.049
	98.743
	98.743

	Number of symbols
	50
	33
	70
	44
	50
	50

	Number of sub-frames (2 symbols are reserved in addition for preambles)
	8
	5
	11
	7
	8
	8

	Idle time (μs)
	62.9
	260.3
	203.9
	69.9
	62.9
	62.9


OFDMA numerology – 50 symbols per frame, CP=1/16
From implementation considerations, in the case of 5,10 and 20MHz, we have preferred to reduce the oversampling factor. We gain capacity by increasing the number of sub-channels.
It is also possible to reduce the symbol duration such to increment the sub-frame number. 

Table 3 – Proposed OFDMA numerology 50 symbols, CP=1/16
	Nominal Channel Bandwidth (MHz)
	5
	7
	7
	8.75
	10
	20

	Band of operation
	 
	700MHz
	3.5GHz
	 
	 
	 

	Over-sampling Factor
	1.120
	1.222
	1.167
	1.120
	1.120
	1.120

	 
	28/25
	11/9
	7/6
	28/25
	28/25
	28/25

	Sampling Frequency (MHz)
	5.600
	8.556
	8.167
	9.800
	11.200
	22.400

	FFT Size 
	512
	1024
	512
	1024
	1024
	2048

	Sub-Carrier Spacing (kHz)
	10.938
	8.355
	15.951
	9.570
	10.938
	10.938

	Useful symbol time Tu (μs)
	91.43
	119.69
	62.69
	104.49
	91.43
	91.43

	Used carriers
	413
	795
	397
	849
	827
	1663

	Number of sub-channels (Psc=18)
	23
	44
	22
	47
	46
	92

	Legacy occupied spectrum (kHz) for PUSC
	4605
	6570
	6570
	8213
	9198
	18386

	Occupied spectrum (kHz)
	4517
	6642
	6332
	8125
	9045
	18189

	Cyclic prefix: Tg=1/8Tu
	0.063
	0.063
	0.063
	0.063
	0.063
	0.063

	 
	 
	 
	 
	 
	 
	 

	Symbol time Ts (us)
	97.143
	127.169
	66.612
	111.020
	97.143
	97.143

	Number of symbols
	51
	39
	75
	45
	51
	51

	Number of sub-frames (2 symbols are reserved in addition for preambles)
	8
	6
	12
	7
	8
	8

	Idle time (μs)
	142.9
	167.6
	70.7
	115.1
	142.9
	142.9


OFDMA numerology – 49 symbols per frame, CP=1/8
Below is the proposed numerology for 49 symbols per frame and CP=1/8 of the symbol duration.
Table 4 – Proposed OFDMA numerology 49 symbols, CP=1/8
	Nominal Channel Bandwidth (MHz)
	5
	7
	7
	8.75
	10
	20

	Band of operation
	 
	700MHz
	3.5GHz
	 
	 
	 

	Over-sampling Factor
	1.143
	1.250
	1.125
	1.143
	1.143
	1.143

	 
	8/7
	5/4
	9/8
	8/7
	8/7
	8/7

	Sampling Frequency (MHz)
	5.714
	8.750
	7.875
	10.000
	11.429
	22.857

	FFT Size 
	512
	1024
	512
	1024
	1024
	2048

	Sub-Carrier Spacing (kHz)
	11.161
	8.545
	15.381
	9.766
	11.161
	11.161

	Useful symbol time Tu (μs)
	89.60
	117.03
	65.02
	102.40
	89.60
	89.60

	Used carriers
	415
	759
	433
	813
	813
	1609

	Number of sub-channels (Psc=18)
	23
	42
	24
	45
	45
	89

	Legacy occupied spectrum (kHz) for PUSC
	4605
	6570
	6570
	8213
	9198
	18386

	Occupied spectrum (kHz)
	4632
	6486
	6660
	7939
	9074
	17958

	Cyclic prefix: Tg=1/8Tu
	0.125
	0.125
	0.125
	0.125
	0.125
	0.125

	 
	 
	 
	 
	 
	 
	 

	Symbol time Ts (us)
	100.800
	131.657
	73.143
	115.200
	100.800
	100.800

	Number of symbols
	49
	37
	68
	43
	49
	49

	Number of sub-frames (2 symbols are reserved in addition for preambles)
	8
	6
	11
	7
	8
	8

	Idle time (μs)
	60.8
	128.7
	99.4
	46.4
	60.8
	60.8


OFDMA numerology – 49 symbols per frame, CP=1/16

The optimum solution is to change the sampling rate such to add one more sub-frame.
Table 5 – Proposed OFDMA numerology 49 symbols, CP=1/16

	Nominal Channel Bandwidth (MHz)
	5
	7
	7
	8.75
	10
	20

	Band of operation
	 
	700MHz
	3.5GHz
	 
	 
	 

	Over-sampling Factor
	1.083
	1.200
	1.167
	1.083
	1.083
	1.083

	 
	13/12
	6/5
	7/6
	13/12
	13/12
	13/12

	Sampling Frequency (MHz)
	5.417
	8.400
	8.167
	9.479
	10.833
	21.667

	FFT Size 
	512
	1024
	512
	1024
	1024
	2048

	Sub-Carrier Spacing (kHz)
	10.579
	8.203
	15.951
	9.257
	10.579
	10.579

	Useful symbol time Tu (μs)
	94.52
	121.90
	62.69
	108.03
	94.52
	94.52

	Used carriers
	433
	795
	415
	867
	867
	1735

	Number of sub-channels (Psc=18)
	24
	44
	23
	48
	48
	96

	Legacy occupied spectrum (kHz) for PUSC
	4605
	6570
	6570
	8213
	9198
	18386

	Occupied spectrum (kHz)
	4581
	6521
	6619
	8026
	9172
	18355

	Cyclic prefix: Tg=1/8Tu
	0.063
	0.063
	0.063
	0.063
	0.063
	0.063

	 
	 
	 
	 
	 
	 
	 

	Symbol time Ts (us)
	100.431
	129.524
	66.612
	114.778
	100.431
	100.431

	Number of symbols
	49
	38
	75
	43
	49
	49

	Number of sub-frames (2 symbols are reserved in addition for preambles)
	8
	6
	12
	7
	8
	8

	Idle time (μs)
	78.9
	207.6
	137.3
	64.5
	78.9
	78.9


OFDMA numerology – 15MHz channels, 50 symbols/frame
One of the 802.16 disadvantages is that the 15MHz bandwidth, which equals the allocation size in many operator deployments, is not covered.

The 20MHz channels can be scaled to 15MHz by the following procedures:

· Keeping the same FFT size (2k) and sampling rate as used for the 20MHz channel width;
· Scaling the used number of carriers by reducing it, such to use only 75% of the carriers used in the case of the 20MHz channel width.
In Table 6 is shown an example for 15MHz channel, 50 symbols per frame.

Table 6 – Proposed OFDMA numerology 50 symbols, CP=1/8

	Nominal Channel Bandwidth (MHz)
	20
	15

	Band of operation
	 
	 

	Over-sampling Factor
	1.167
	1.556

	 
	7/6
	7/6*20/15

	Sampling Frequency (MHz)
	23.333
	23.333

	FFT Size 
	2048
	2048

	Sub-Carrier Spacing (kHz)
	11.393
	11.393

	Useful symbol time Tu (μs)
	87.77
	87.77

	Used carriers
	1591
	1193

	Number of sub-channels (Psc=18)
	88
	66

	Legacy occupied spectrum (kHz) for PUSC
	18386
	18386

	Occupied spectrum (kHz)
	18127
	13595

	Cyclic prefix: Tg=1/8Tu
	0.125
	0.125

	 
	 
	 

	Symbol time Ts (us)
	98.743
	98.743

	Number of symbols
	50
	50

	Number of sub-frames (2 symbols are reserved in addition for preambles)
	8
	8

	Idle time (μs)
	62.9
	62.9


Conclusions

We have created the condition for unique 6-symbols based sub-frames and have derived the numerology for the support of  the 15MHz channels, without defining a 1.5k FFT, as was done in LTE.
SDD text changes
OFDMA Parameters
The OFDMA parameters for the IEEE 802.16m shall be chosen from a set such to keep the sub-frame size of 6 symbols and the same channel mask, independent of channel width,  are specified below.  For 7MHz are provided two variants to support the different delay spread in 3.5GHz and below 1GHz bands.
OFDMA numerology – 48 symbols per frame (5MHz multiples)
	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)
	10.937500
	7.812500
	9.765625
	10.937500
	10.937500

	Useful Symbol Time Tu (µs)
	91.429
	128
	102.4
	91.429
	91.429

	Cyclic Prefix (CP)

Tg=1/8 Tu
	Symbol Time Ts (µs)
	102.857
	144
	115.2
	102.857
	102.857

	
	Number of OFDM symbols per Frame
	48
	34
	43
	48
	48

	
	Idle time (µs)
	62.86
	104
	46.40
	62.86
	62.86

	Cyclic Prefix (CP)

Tg=1/16 Tu
	Symbol Time Ts (µs)
	97.143
	
	
	97.143
	97.143

	
	Number of OFDM symbols per Frame
	51
	
	
	51
	51

	
	Idle time (µs)
	45.71
	
	
	45.71
	45.71


Table 2 OFDMA parameters for IEEE 802.16m
OFDMA numerology – 50 symbols per frame, CP=1/8
Table 2 – Proposed OFDMA numerology 50 symbols, CP=1/8

	Nominal Channel Bandwidth (MHz)
	5
	7
	7
	8.75
	10
	20

	Band of operation
	 
	700MHz
	3.5GHz
	 
	 
	 

	Over-sampling Factor
	1.167
	1.111
	1.167
	1.175
	1.167
	1.167

	 
	7/6
	4/3
	7/6
	47/40
	7/6
	7/6

	Sampling Frequency (MHz)
	5.833
	7.778
	8.167
	10.281
	11.667
	23.333

	FFT Size 
	512
	1024
	512
	1024
	1024
	2048

	Sub-Carrier Spacing (kHz)
	11.393
	7.595
	15.951
	10.040
	11.393
	11.393

	Useful symbol time Tu (μs)
	87.77
	131.66
	62.69
	99.60
	87.77
	87.77

	Used carriers
	397
	795
	397
	795
	795
	1591

	Number of sub-channels (Psc=18)
	22
	44
	22
	44
	44
	88

	Legacy occupied spectrum (kHz) for PUSC
	4605
	6570
	6570
	8213
	9198
	18386

	Occupied spectrum (kHz)
	4523
	6038
	6332
	7982
	9058
	18127

	Cyclic prefix: Tg=1/8Tu
	0.125
	0.125
	0.125
	0.125
	0.125
	0.125

	 
	 
	 
	 
	 
	 
	 

	Symbol time Ts (us)
	98.743
	148.114
	70.531
	112.049
	98.743
	98.743

	Number of symbols
	50
	33
	70
	44
	50
	50

	Number of sub-frames (2 symbols are reserved in addition for preambles)
	8
	5
	11
	7
	8
	8

	Idle time (μs)
	62.9
	260.3
	203.9
	69.9
	62.9
	62.9


OFDMA numerology – 50 symbols per frame, CP=1/16

Table 3 – Proposed OFDMA numerology 50 symbols, CP=1/16
	Nominal Channel Bandwidth (MHz)
	5
	7
	7
	8.75
	10
	20

	Band of operation
	 
	700MHz
	3.5GHz
	 
	 
	 

	Over-sampling Factor
	1.120
	1.222
	1.167
	1.120
	1.120
	1.120

	 
	28/25
	11/9
	7/6
	28/25
	28/25
	28/25

	Sampling Frequency (MHz)
	5.600
	8.556
	8.167
	9.800
	11.200
	22.400

	FFT Size 
	512
	1024
	512
	1024
	1024
	2048

	Sub-Carrier Spacing (kHz)
	10.938
	8.355
	15.951
	9.570
	10.938
	10.938

	Useful symbol time Tu (μs)
	91.43
	119.69
	62.69
	104.49
	91.43
	91.43

	Used carriers
	413
	795
	397
	849
	827
	1663

	Number of sub-channels (Psc=18)
	23
	44
	22
	47
	46
	92

	Legacy occupied spectrum (kHz) for PUSC
	4605
	6570
	6570
	8213
	9198
	18386

	Occupied spectrum (kHz)
	4517
	6642
	6332
	8125
	9045
	18189

	Cyclic prefix: Tg=1/8Tu
	0.063
	0.063
	0.063
	0.063
	0.063
	0.063

	 
	 
	 
	 
	 
	 
	 

	Symbol time Ts (us)
	97.143
	127.169
	66.612
	111.020
	97.143
	97.143

	Number of symbols
	51
	39
	75
	45
	51
	51

	Number of sub-frames (2 symbols are reserved in addition for preambles)
	8
	6
	12
	7
	8
	8

	Idle time (μs)
	142.9
	167.6
	70.7
	115.1
	142.9
	142.9


OFDMA numerology – 49 symbols per frame, CP=1/8

Below is the proposed numerology for 49 symbols per frame and CP=1/8 of the symbol duration.Table 4 – Proposed OFDMA numerology 49 symbols, CP=1/8

	Nominal Channel Bandwidth (MHz)
	5
	7
	7
	8.75
	10
	20

	Band of operation
	 
	700MHz
	3.5GHz
	 
	 
	 

	Over-sampling Factor
	1.143
	1.250
	1.125
	1.143
	1.143
	1.143

	 
	8/7
	5/4
	9/8
	8/7
	8/7
	8/7

	Sampling Frequency (MHz)
	5.714
	8.750
	7.875
	10.000
	11.429
	22.857

	FFT Size 
	512
	1024
	512
	1024
	1024
	2048

	Sub-Carrier Spacing (kHz)
	11.161
	8.545
	15.381
	9.766
	11.161
	11.161

	Useful symbol time Tu (μs)
	89.60
	117.03
	65.02
	102.40
	89.60
	89.60

	Used carriers
	415
	759
	433
	813
	813
	1609

	Number of sub-channels (Psc=18)
	23
	42
	24
	45
	45
	89

	Legacy occupied spectrum (kHz) for PUSC
	4605
	6570
	6570
	8213
	9198
	18386

	Occupied spectrum (kHz)
	4632
	6486
	6660
	7939
	9074
	17958

	Cyclic prefix: Tg=1/8Tu
	0.125
	0.125
	0.125
	0.125
	0.125
	0.125

	 
	 
	 
	 
	 
	 
	 

	Symbol time Ts (us)
	100.800
	131.657
	73.143
	115.200
	100.800
	100.800

	Number of symbols
	49
	37
	68
	43
	49
	49

	Number of sub-frames (2 symbols are reserved in addition for preambles)
	8
	6
	11
	7
	8
	8

	Idle time (μs)
	60.8
	128.7
	99.4
	46.4
	60.8
	60.8


OFDMA numerology – 49 symbols per frame, CP=1/16

The optimum solution is to change the sampling rate such to add one more sub-frame.
Table 5 – Proposed OFDMA numerology 49 symbols, CP=1/16

	Nominal Channel Bandwidth (MHz)
	5
	7
	7
	8.75
	10
	20

	Band of operation
	 
	700MHz
	3.5GHz
	 
	 
	 

	Over-sampling Factor
	1.083
	1.200
	1.167
	1.083
	1.083
	1.083

	 
	13/12
	6/5
	7/6
	13/12
	13/12
	13/12

	Sampling Frequency (MHz)
	5.417
	8.400
	8.167
	9.479
	10.833
	21.667

	FFT Size 
	512
	1024
	512
	1024
	1024
	2048

	Sub-Carrier Spacing (kHz)
	10.579
	8.203
	15.951
	9.257
	10.579
	10.579

	Useful symbol time Tu (μs)
	94.52
	121.90
	62.69
	108.03
	94.52
	94.52

	Used carriers
	433
	795
	415
	867
	867
	1735

	Number of sub-channels (Psc=18)
	24
	44
	23
	48
	48
	96

	Legacy occupied spectrum (kHz) for PUSC
	4605
	6570
	6570
	8213
	9198
	18386

	Occupied spectrum (kHz)
	4581
	6521
	6619
	8026
	9172
	18355

	Cyclic prefix: Tg=1/8Tu
	0.063
	0.063
	0.063
	0.063
	0.063
	0.063

	 
	 
	 
	 
	 
	 
	 

	Symbol time Ts (us)
	100.431
	129.524
	66.612
	114.778
	100.431
	100.431

	Number of symbols
	49
	38
	75
	43
	49
	49

	Number of sub-frames (2 symbols are reserved in addition for preambles)
	8
	6
	12
	7
	8
	8

	Idle time (μs)
	78.9
	207.6
	137.3
	64.5
	78.9
	78.9


OFDMA numerology – 15MHz channels, 50 symbols/frame
OFDMA numerology for 15MHz channels, CP=1/8 is shown in Table 6.

Table 6 – Proposed OFDMA numerology 50 symbols, CP=1/8
	Nominal Channel Bandwidth (MHz)
	20
	15

	Band of operation
	 
	 

	Over-sampling Factor
	1.167
	1.556

	 
	7/6
	7/6*20/15

	Sampling Frequency (MHz)
	23.333
	23.333

	FFT Size 
	2048
	2048

	Sub-Carrier Spacing (kHz)
	11.393
	11.393

	Useful symbol time Tu (μs)
	87.77
	87.77

	Used carriers
	1591
	1193

	Number of sub-channels (Psc=18)
	88
	66

	Legacy occupied spectrum (kHz) for PUSC
	18386
	18386

	Occupied spectrum (kHz)
	18127
	13595

	Cyclic prefix: Tg=1/8Tu
	0.125
	0.125

	 
	 
	 

	Symbol time Ts (us)
	98.743
	98.743

	Number of symbols
	50
	50

	Number of sub-frames (2 symbols are reserved in addition for preambles)
	8
	8

	Idle time (μs)
	62.9
	62.9


A longer CP size is used in channels with long delay spread.

11.4 Frame structure
11.4.1 Basic Frame structure

The IEEE 802.16m basic frame structure is illustrated in Figure 14. Each 20 ms superframe is divided into four equally-sized 5 ms radio frames. Independent of the channel size and cyclic prefix, each 5 ms radio frame further consists of subframes having a duration corresponding to 6 symbols. A subframe shall be assigned for either DL or UL transmission. 
The basic frame structure is applied to FDD and TDD duplexing schemes, including H-FDD MS operation. The number of switching points in each radio frame in TDD systems is either two or four, where a switching point is defined as a change of directionality, i.e., from DL to UL or from UL to DL.
When H-FDD mobile stations are included in an FDD system, the frame structure from the point of view of the H-FDD mobile station is similar to the TDD frame structure; however, the DL and UL transmissions occur in two separate frequency bands. The transmission gaps between DL and UL (and vice versa) are required to allow switching the TX and RX circuitry. 
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Figure 14 Basic frame structure
Frame Structure for CP=1/8 Tu
Figure 15 illustrates an example TDD frame structure with DL to UL ratio of 5:3. Assuming OFDMA symbol duration of 102.857µs and a CP length of 1/8 Tu, the length of subframe is 0.617 ms. Figure 16 shows an example of a frame structure in FDD mode, and Figure 17 shows an example of a frame structure with CP of 1/16 Tu.
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Figure 15 Frame structure subframe in TDD duplex mode
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Figure 16 Frame structure in FDD duplex mode
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