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1. Introduction

IEEE 802.16 has developed the IEEE standard 802.16-2004 for broadband wireless access systems, primarily for fixed/nomadic applications.  The OFDMA PHY layer defining FUSC (Fully Used Sub-carrier) and PUSC (Partially Used Sub-Carrier) were developed within the 16-2004 standard and was adopted as the Base Line for 16e. Basically, the 16e uses the same OFDMA sub-channelization structure and its extension to address mobility has retained the OFDMA concept for FUSC and PUSC. This contribution addresses WRAN deployment configurations using only one TV channel by several adjacent WRAN Base Stations. Use of FUSC, mainly in the DownLink, and PUSC in both DL and UL as defined in 16d or 16e with Reuse 1 will endow WRAN system the needed capability and flexibility to configure the WRAN in different scenarios with manageable interference among the Base Stations where different Service Providers may deploy the system in the same region using the same free TV channel. 

2  Sub-Channel allocation (FUSC DL, PUSC DL and UL)

Active (data and pilot) sub-carriers are grouped into subsets of sub-carriers (sub-channels). The minimum frequency-time unit of sub-channelization for both the uplink and downlink, is one slot, which is equal to 48 data sub-carriers. There are two types of sub-carrier permutations for sub-channelization: Diversity and contiguous. The diversity permutation draws sub-carriers pseudo-randomly to form a sub-channel. It provides frequency diversity and inter-cell interference averaging. The diversity permutations include DL FUSC, DL PUSC and UL PUSC and additional optional permutations. 

DL PUSC

With DL PUSC,  for each pair of OFDM symbols, the available or usable sub-carriers are grouped into clusters containing 14 contiguous sub-carriers per symbol, with pilot and data allocations in each cluster in the even and odd symbols.

A re-arranging scheme is used to form groups of clusters such that each group is made up of clusters that are distributed throughout the sub-carrier space. A sub-channel in a group contains two clusters and is comprised of 48 data sub-carriers and eight (8) pilot sub-carriers. 

UL PUSC
Analogous to the cluster structure for DL, a tile structure is defined for the UL PUSC. The available sub-carrier space is split into tiles and six (6) tiles, chosen from across the entire spectrum by means of a re-arranging/permutation scheme, are grouped together to form a slot. The slot is comprised of 48 data sub-carriers and 24 pilots sub-carriers in three OFDM symbols. 

The contiguous permutation groups a block of contiguous sub-carriers to form a sub-channel. The contiguous permutations include DL AMC and UL AMC, and have the same structure.

In general, diversity sub-carrier permuntations perform well in mobile applications while contiguous sub-carrier permutations are well suited for fixed, portable, or low mobility environments. 

2.1 Sub-channel structure for FUSC and PUSC   
	
	FUSC DL
	PUSC DL

	Number of DC subcarriers


	1
	1

	Number of Guard subcarriers, Left


	 173
	184

	Number of Guard subcarriers, Right


	172
	183

	Number of used subcarriers


	1703
	1681

	Number of Sub-channels


	32
	60

	Number of subcarriers per subchannel


	54
	28

	Number of pilots / (per subchannel) 


	167/ (5 pilots per subchannel)
	240/ (4 pilots per subchannel)

	Number of data subcarriers in each symbol per subchannel
	48
	24

	
	
	


2.2 PUSC UpLink- OFDMA Uplink subcarriers allocations         
	Parameter
	Value

	Number of dc subcarriers
	1 (Index 1024, counting from 0)

	Guard subcarriers: Left, Right
	184, 183

	TilePermutation
	6, 48, 58, 57, 50, 1, 13, 26, 46, 44, 30, 3, 27, 53, 22, 18, 61, 7, 55, 36, 45, 37, 52, 15, 40, 2, 20, 4, 34, 31, 10, 5, 41, 9, 69, 63, 21, 11, 12, 19, 68, 56, 43, 23, 25, 39, 66, 42, 16, 47, 51, 8, 62, 14, 33, 24, 32, 17, 54, 29, 67, 49, 65, 35, 38, 59, 64, 28, 60, 0

	N subchannels
	70

	N subcarriers
	48

	N tiles
	420

	Tiles per subchannel
	6
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Figure 1   :  PUSC UpLink  Sub-Channel structure
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Figure 2:  PUSC DownLink Cluster Structure
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Figure 3 Additional Optional symbol structure for PUSC for the UpLink

	Parameter
	Value

	Number of DC subcarriers
	1

	N used
	1728

	Guard subcarriers: Left, Right
	159, 160

	N subchannels
	96

	N tiles
	576

	Number of subcarriers per tile 
	3

	Tiles per subchannel
	6

	Number of data subcarriers per subchannel
	48


The additional optional subchannel structure for the uplink supports 96 subchannels where a subchannel consists of 48 data carriers and 6 pilots carriers. Each new transmission for the uplink commences with the parameters indicated in below table. A burst in the uplink is composed of three time symbols and one subchannel, within each burst, there are 48 data subcarriers and six fixed-location pilot subcarriers. The subchannel is constructed from six uplink tiles, each tile has three subcarriers.   

3. WRAN system deployment configurations using FUSC and PUSC schemes

The following is description of WRAN system deployment configurations with reuse factor 1 utilizing FUSC and PUSC schemes. Usually, OFDMA system can be deployed with a reuse factor of 1, by allocating different Sub-Channels to different sectors. Although this lowers the throughput per sector, the coexistence, DFS and load balancing of the sectors becomes much simpler. Such a scheme is shown in the next figure:
3.1 Reuse of 1 scenario (FUSC in DL, PUSC in UL)

In order to satisfy requirement of reliability, coverage, capacity, spectral efficiency,   the WRAN system can be configured to work in a reuse of 1, which means the same RF frequency is allocated to all sectors in the cell.  In this case a new scheme of work must be introduced in order to achieve the needed performance.  
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Figure 4:Reuse of 1 configuration, 3 sectors per cell

There are three options of operation in the reuse of 1 scenario: 

· Asynchronous configuration- in this configuration every base-station uses its own permutation, the frame lengths and starting times are  not synchronized among the base-stations. Therefore orthogonality is kept within the base-station but not between base-stations. In this scenario the base-stations could be synchronized or not to the same reference clock. This mode will introduce interference between base-station (sub-carriers from different sub-channels collide in a controlled way, determined by the different permutations). This configuration could be expected with WRAN systems being deployed by several Service Providers in the same geographical area without seeking coordination.  

· Synchronous configuration - in this configuration all base-stations use the same reference clock (for example, by using GPS), the frame durations and starting times are also synchronized among the base-stations but still each base station uses different permutations. Therefore the time/frequency orthogonality is kept between and within the base-stations operation but still interference between the same sub-channels of different base-station occurs. This configuration could be used as an independent base-stations deployment with a controlled interference level.  

· Coordinated Synchronous configuration - in this configuration all base-stations work in the synchronous mode but use also the same permutations. An upper layer is responsible for the handling of sub-channels allocations within the sectors of the base-station, making sure that better handling of the bandwidth is achieved and the system could handle and balance load between the sectors and within the system.  The bandwidth allocated to each sector is only a portion of the overall bandwidth, but when using the load balancing additional system gain is achieved. This configuration could be used as a full scale system deployment, with a common backbone (as an example).

The preferred scenario is of course the Coordinated Synchronous mode (when using this configuration with different permutations per base-station we get the synchronous mode, and if we do not use a synchronized clock between the base stations as well we end up with the asynchronous mode of operation); the configuration of the base-station sectors are presented in the following figure
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Figure 5 Reuse of 1 configuration using sub-channalization, 3 sectors per cell
3.2 Combined use of FUSC and PUSC in the Down Link (Deployment Scenario 1)

Split of the OFDMA symbol between FUSC and PUSC in the same cell to maximize throughput.  FUSC can be used for area close to the Bas Station  whereas PUSC can be allocated for areas  near  the edge of the cell. PUSC is more robust and pilot density is higher compared to FUSC sub-channel.  Inter Base Station interference is kept to minimum by using Sub-channels segmentation and use of different sub-channels in adjacent sectors of the Base Stations.  
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Figure 6: Combined use of FUSC and PUSC in the same cell
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Figure 7-  Deployment Scenario 2, FUSC DL and PUSC UL
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PUSC Scheme Proposed by Gerald 

Gerald suggested some changes to the 802.16 pilot pattern to be checked by simulation using WRAN channel.  Because of the rather long echoes (large excess delays) in the WRAN channel, It is expected that, ultimately, all the carrier positions would need to be visited by pilot carriers for channel training.  On the other hand, because of the slow time variation expected, the pilots could skip a number of symbols before re-probing a specific carrier location.

Figures 8, 9 illustrate a full frequency sweep occurring once every four symbols, in a regular pattern in the first figure and non-regular pattern in the second figure. If this is still found to give good results at relatively high speed for the WRAN channel models and the specified phase noise, then there may still be some 'overkill' and the sweep could be arranged to be once every 5 or 6 symbols.  The transmission overhead due to pilots could then be minimized.

The question for the upstream is whether more pilots should be present in the early symbols of a burst coming from a CPE so that the channel training could be done at the beginning of the burst or whether the burst preamble would carry all the information to allow this to be done.
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Figure 8  Scheme 1, Regular pattern
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Figure 9- Scheme 2, non-regular distribution pattern

 4. Simulation results

The Channel model defined for 802.16d and 16e is based on ITU-R Recommendation M1.225, (A additional  channel model (COST 231) has been selected recently for the 802.16e). Simulation results are shown for ITU-R Recommendation M1.225.

Dynamic channels are usually defined with the following parameters:  

1. Number of taps (6 taps in ITU-B as it seen in table 5 taken from ITU-R Recommendation M1.225) 

2. The time delay relative to the first tap.

3. The average power relative to the strongest tap.

4. The Doppler spectrum of each tap.


[image: image10.png]Vehicular test environment, high antenna, tapped-delay

TABLE 5

ine parameters

Channel A Channel B Doppler
Tap Relative delay Average power Relative delay Average power spectrum
@) @) (@) @)

1 0 0.0 0 =25 Classic
2 310 -10 300 0 Classic
3 710 90 8.900 -12.8 Classic
4 1090 -100 12900 -100 Classic
5 730 -150 17100 =252 Classic
6 2510 -200 20000 -16.0 Classic





 Parameters example used for the simulations


 P = [-2.5 0 -12.8 -10 -25.2 -16]; % power in each tap in dB
 K = [0 0 0 0 0 0] ; %Ricean K-Facor in linear scale
 tau = [0 0.3 8.9 12.9 17.1 20]*1e-6; % tap delay in usec
 Doppler = [2 2 2 2 2 2]*120; % doppler maximal frequency parameter in Hz - 120Kph for     10MHz
 Antenna_correllation = 0.3; %antenna correlation (envelope correlation coefficient)
 Fnorm = -1.5113; %gain normalization factor in dB

Other parameters included in the simulation are the following: 

· DL PUSC/FUSC models of the IEEE802.16d OFDMA PHY

· Real Channel estimation process

· Block sizes of 384-576bits (depending on modulation)

· Convolutional Turbo Code scheme using code rate ½

· Phase noise model with a power of –85dbc/Hz flat up to 10KHz and then reducing 20/dec up to -120

 .                                              

       


Figure 10:  DL ITU-B channel Model 

 
Figure 12: Example  using AWGN for Low Mobility
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Abstract


Different deployment scenarios with reuse 1 are presented utilizing the FUSC and PUSC sub-channelization concept. Simulation results describing system performance using ITU-R M 1.522 channel model are presented.   
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