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Density of pilot carriers in the upstream and downstream of the 802.22 WRAN standard

A number of aspects need to be considered in the determination of the density of pilot carriers in the downstreams and upstream of a WRAN system.  All these aspects need to be weighed in order to define the optimum density for each direction.

Channel time spread:

Because of the expected coverage range for the WRAN system (30 km) and the physical setup of the base station antenna (omni-directional at 75m HAAT) and of the CPE antenna (somewhat directional, e.g., 60º beamwidth, at 10 m above ground) the range of excess delay for channel multipath is likely to be similar to that experienced in TV broadcasting.  Besides exceptional cases where large mountain ranges surround the coverage area, the typical excess delay of the multipath will be contained within 33 usec.  This is represented in the first three channel profiles defined in document 22-05-0055-07-0000_WRAN_channel _Modeling.doc (the fourth profile is really a stress test on the system).

Such range of excess delay will result in relatively fine frequency selective fading which requires that every other carriers need to be sampled to acquire an appropriate channel signature.  Interpolation could be used in the downstream direction to reconstitute the in-between carriers but such interpolation cannot be used in the upstream direction when the carriers from a CPE burst can be spread over the entire TV channel.  Even in the downstream direction, simulation work conducted by ETRI (22-06-0248-00-0000 ETRI's OFDMA parameters based on simulation results.pdf ) proved that there is a loss of about 1 dB resulting from the 1-to-2 interpolation.

The safe assumption is therefore that each carrier in the downstream and upstream directions should be visited by a pilot tone to reconstitute the channel state information.  This corresponds to a range of excess delay of 75 usec which is very conservative and is consistent with the safest cyclic prefix option of ¼ to avoid inter-symbol interference.

Channel frequency spread:

The Doppler spread experienced by the WRAN system will be rather limited because of the fact that it is designed for fixed installation such that the only fast signal time variability will be due to variations in the signal path such as shimmering leaves in trees and airplane flutter, again similar to what is experienced in TV broadcasting.  Another element that helps the time stability of the WRAN transmission channel is the fact that the range of carrier frequencies is below 1 GHz.  Since the carrier frequency is lower and that the Doppler spread is proportional to this frequency, any physical motion in the transmission channel will have less impact on the signal reception.  This is the reason why a maximum 2.5 Hz Doppler spread was assumed in the WRAN channel profiles.  According to simulations conducted for 802.16 (22-05-0097-01-0000_STM-Runcom_PHY-MAC_Proposal_Presentation.ppt) and scaling for the WRAN parameters, acquiring the channel state information once per frame (10 ms) would allow adequate operation in a 25 Hz Doppler spread environment.  The number of symbols over which the channel state information can be acquired in a frame is therefore not critical and will be determined by other factors (see below).

Minimum size of the downstream and upstream bursts:

Ideally, the capacity split between the downstream (DS) and upstream (US) bursts in a frame should be down to the symbol.  For example the OFDMA Parameters spreadsheet (22-06-0264-03-0000_OFDMA_Parameters.xls) indicates that for a cyclic prefix of 1/8, the typical frame will contain 27 data symbols and the DS/US split should be from 27/0 to 0/27 in one symbol step.  However, for proper operation, a minimum number of symbols will be needed in both directions to acquire the channel state information.  As an example, if the pilot carriers are spread over 7 symbols in the downstream direction and 5 symbols in the upstream direction, the capacity split will need to vary between 22/5 and 7/20 in one symbol steps rather than the previous 27/0 to 0/27 (note that if there is no downstream payload in a frame, the capacity split can be set at 0/27 and similarly at 27/0 if there is no up-stream payload since there is no need to acquire the channel state information in these cases).

Besides this somewhat reduced flexibility in the DS/US capacity split, the minimum burst sizes may have an impact on the overhead needed to carry low bit-rate real-time applications such as VoIP.  In order to meet the latency requirement for such applications, small bursts will need to be transmitted in almost every frame and if the minimum size of the burst is too large (i.e., coarse granularity), padded bits may need to be included in these bursts, leading to inefficiencies.

As an example, in the case of the ITU-T G.729 codec, the required bit rates for VoIP service is as follows

· For MP or FRF.12 transmission: 26.8 kbit/s

· For cRTP MP or FRF.12 transmission: 11.6 kbit/s

· For Ethernet: 31.2 kbit/s

In order to avoid inefficiencies, the granularity resulting from the minimum burst sizes (minimum number of symbol X one sub-channel) should allow for bit rates in the range of the minimum rate to transport VoIP, i.e., 11.6 kbit/s.  If the granularity gives a somewhat smaller bit rate than the target VoIP rate, then, the number of symbols in the minimum burst could be increased slightly in every frame or some frames can contain larger bursts to fill the leaky buffer in the receiver. If the granularity gives a somewhat larger bit rate than the target VoIP rate, then, the VoIP bursts from the given CPE can skip a frame from time to time to avoid buffer overflow at the receiver while still keeping a transmission latency of better or equal to 20 ms.

Size of the sub-channels:

In the distributed carrier case, the performance of the transmission in a multipath channel is due to the spreading of the carriers over the TV channel.  Such performance will start to be affected if the number of these carriers becomes too small and no longer takes advantage of the uniform carrier distribution ni the TV channel.  To a first approximation, one can consider the number of 30 as the minimum number of carriers needed to take full advantage of the carrier spreading in the TV channel (30 is the minimum number of trials where the binomial probability model safely corresponds to the Gaussian model).  Smaller number of carriers in a sub-channel will progressively lead to poorer multipath performance.  Note that this constraint does not apply to the downstream transmission since all the carriers coming from the base station can be used to reconstitute the channel state information.

Comparison among a reduced set of OFDMA parameter options

Table 1 summarizes the parameters for four sets of minimum upstream and downstream bursts.  The first column of numbers represents the option that was retained at the end of the London session in January except for the number of sub-channels in the downstream direction which was left at 30, resulting in an unnecessary large granularity of 32 kbit/s.  Such granularity is as important on the downstream as it is on the upstream.  Since both minimum bursts on the DS and the US are set at 7 symbols, the compounded superframe efficiency is the same at 64.5% for any DS/US capacity split.

The second column of numbers represents the option that was retained at the end of the Orlando session in March where the minimum US burst was reduced from 7 to 5 symbols to reduce the upstream granularity to 8 kbit/s.  Note that the granularity on the downstream stayed the same as in the first case and that the number of US data carriers has been reduced to 16, much less than the 30 carriers needed to secure good performance in a multipath channel.  The efficiency of the transmission goes from the 64.5% of the first case to 60.2% when the entire frame is used for upstream transmission.

The third column illustrates the case where the minimum downstream burst has been increased to 10 symbols to try to compensate for the reduced efficiency of the second option.  In this case, the number of carriers in the DS burst is reduced to 18 but, as explained above, this has no consequence since all the carriers transmitters by the base station can be used to train the channel in the downstream direction.  The DS granularity is however more than twice the US granularity.  The transmission efficiency now varies from 67.73% to 60.2% depending on the DS/US split.

	Channel bandwidth
	6
	MHz

	FFT size
	2048
	carriers

	Cyclic Prefix
	1/8
	

	Symbol period
	336
	usec

	Used carriers
	1680
	carriers

	Useful symbols/frame
	27
	symbols

	Min DS burst
	7
	7
	10
	10
	symbols

	Min US burst
	7
	5
	5
	7
	symbols

	Range of DS/US split
	20/7 to 7/20
	22/5 to 7/20
	22/5 to 10/17
	20/7 to 10/17
	

	DS sub-channels
	60
	60
	84
	84
	sub-channels

	DS data carriers
	24
	24
	18
	18
	carriers

	DS pilot carriers
	4
	4
	2
	2
	carriers

	Min DS bit rate
	16.8
	16.8
	18
	18
	kbit/s

	US sub-channels
	60
	84
	84
	60
	sub-channels

	US data carriers
	24
	16
	16
	24
	carriers

	US pilot carriers
	4
	4
	4
	4
	carriers

	Min US bit rate
	16.8
	8
	8
	16.8
	kbit/s

	Superframe efficiency:
	
	
	
	
	

	Max DS / 0 US
	64.5%
	64.5%
	67.73%
	67.73%
	

	Max DS / Min US
	64.5%
	63.7%
	66.33%
	67.13%
	

	Min DS / Max US
	64.5%
	61.32%
	63.%
	65.7%
	

	  0 DS / Max US
	64.5%
	60.2%
	60.2%
	64.5%
	


Table 1:  Key parameters for four pilot carrier density options

The last column represents the most efficient option (64.5% to 67.73%) where the minimum DS burst is set at 10 symbols and the minimum US burst is increased at 7 symbols.  This US burst length brings the number of carriers to 24 which is a safer number from the randomized carrier spreading point of view and gives rather close granularities of 18 kbit/s in the DS and 16.8 kbit/s in the US.  This means that transmission of VoIP will likely be achieved by filling the transmitted burst with VoIP data and skipping frames from time to time in the DS and US to avoid buffer overflow.  The scheduling of the traffic at the base station will be able to take care of it and, if done properly, this should keep the transmission latency to within 20 ms.

The latter option is clearly the preferred choice from the transmission efficiency point of view.  If the reduced flexibility of DS/US capacity split (20/7 to 10/17) can be managed by proper MAC scheduling using DS only frames (27/0) and US only frames (0/27) from time to time, this is the option that should be retained.
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Abstract


This document contains a discussion on the critical aspects to be considered in the decision to determine the density of pilot carriers in the downstream and upstream of the 802.22 WRAN standard and presents a reduced set of options for the density of pilot carriers in both directions and a preferred choice.
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