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Impact of portable operation on the 802.22 PHY design
1.  Tolerance on the frequency stability of the CPE

The system requirement from the BS FFT perspective is that the upstream OFDMA bursts should be received at the BS within 2% of the carrier separation to keep the Inter-Carrier-Interference (ICI) to a reasonable level.  This requirement is understood to be applicable at the input of the FFT at the BS (reception and decoding of the OFDMA).  The reference is the transmit frequency at the BS and the parameters that need to meet the requirement are the frequencies of the sub-carriers arriving at the BS from various CPEs in the field.

In the case of fixed operation for which no transmission channel frequency spreading occurs, this system requirement can be translated into the frequency tolerance at the CPE.  However, the above system requirement is not necessarily the same as the requirement at the CPE in the case of portable/mobile operation.  Since the requirement at the CPE needs to be testable in a lab environment and isolated from the effect of the channel (Doppler shift or spread), it needs to be defined against a measurable reference in the lab.  Such reference was proposed to be the “frequency that is received by the CPE”, and the parameters that need to meet this tolerance are the frequencies of the sub-carriers as transmitted by this CPE.  The text of the sub-clause 8.6.1 of the Draft is being modified accordingly.

The understanding is that the frequency tolerance for the CPE would be the same whether it is for fixed or portable/mobile operation.  This would however mean that the system performance would be impacted further by any frequency spreading on the transmission channel.  Such performance reduction was explored back in 2005 and reported in document: 22-05-0097-01-0000_STM-Runcom_PHY-MAC_Proposal_Presentation.ppt.

2.  Doppler shift and Doppler spread in a mobile environment

According to the results reported on slide 45 of the document 22-05-97r1 (reproduced below as Figure 1), a degradation of 1 dB would occur at about 210 km/h relative to 60 km/h at 2.4 GHz for a 2k OFDMA signal in a 5 MHz downstream channel using 64QAM, rate: 1/2 for a PER= 10^-2.  Scaling linearly in frequency, this would correspond to 720 km/h at 700 MHz.  This speed would typically increase to 860 km/h in a 6 MHz TV channel because of the wider spacing of the sub-carriers.  Finally, since the 802.22 system refreshes its pilot carriers every 7 symbols rather than every 3 symbols as was assumed in the simulation, the maximum speed scales down to 370 km/h for a 1 dB degradation.  For 0.5 dB Doppler spread degradation, this maximum speed is about 240 km/h.
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Figure 1:   2K FFT OFDM Optimized for 5 MHz BW extracted from slide 45 of document #22-05-97r1

However, this is only valid for one direction in the transmission.  In a real portable/mobile system operation, the effect of the transmission channel on both downstream and upstream links needs to be considered.  For the simple case where line-of-sight exists between the fixed base station and the moving terminal, the Doppler shift on the downstream and on the upstream will add linearly since the terminal will synchronize to the carrier received from the BS that has shifted in frequency and the signal received back at the BS will be doubly affected by Doppler shift.

In a more practical situation, the moving terminal will operate with an antenna that is at a lower elevation than the typical 10 m height assumed for the fixed terminal and the antenna will be less directional, allowing more multipath from any direction than in the case of the fixed antenna.  A severe multipath environment caused mainly by local reflective surfaces will replace the somewhat more “line-of-sight” case scenario of the fixed terminal.  This will result in the classical Jakes’ U-shape Doppler spread on both links for close-in echoes and in some specular Doppler shifts for echoes with large excess delays (see Figure 2).  Depending on the carrier recovery scheme used at the CPE, the effect of the downstream Doppler spread on the recovered carrier frequency should be added to the effect of the upstream Doppler spread on the sub-carriers arriving at the BS.  Since the U-shape Doppler spread effect will likely have less impact on the recovered carrier at the CPE, it is proposed to use a power addition approach to the cumulative effect of Doppler spread on the downstream and upstream.  As a result, the 240 km/h maximum speed found above for 0.5 dB on one link could be assumed to produce a total degradation of 1 dB on both links of the 802.22 transmission.  The value of 162.1 km estimated in the 22-06-0264-10-0000_OFDMA_Parameters.xls spreadsheet seems therefore conservative.
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Figure 2:  Multipath environment for a portable/mobile terminal

Note however that the results reported in document #22-05-97r1 need to be used with caution.  The results are reported in terms of PER rather than BER and later in the document a packet length of 512 bytes is mentioned.  The use of the PER= 10^-2 in the above calculations assumed a packet size of 512 bits to bring it to the same condition as used to determine the SNR values for Table 253 in the 802.22 Draft (i.e., BER= 2*10^-4).  Furthermore, the results reported in document #22-05-97r1 requiring a SNR of 10 dB for a PER of 10^-2 do not seem to match with the requirement for the same modulation level (64QAM, rate: 1/2) included in Table 253 of the Draft which ask for 15.6 dB SNR in a AWGN channel and 20.5 dB in a multipath channel.  Fortunately, in this study, the absolute SNR value is not considered but rather the additional degradation due to Doppler spread but this important mismatch calls for caution.

3.  Three possible approaches to make 802.22 more robust in a portable application

In order to make the 802.22 system more robust to Doppler spread resulting from portable applications as well as relaxing the tolerance on the CPE frequency stability and LO phase noise, three approaches have been proposed to modify the system parameters to allow an increase in sub-carrier spacing:

a)
Going from a 2k FFT to a 1k FFT

This change would result in a 6.6 kHz carrier spacing rather than the current 3.3 kHz for the 6 MHz bandwidth channel (7.8 kHz for the 7 MHz and 9 kHz for the 8 MHz channels).  This would result in a frame that contains half of the current number of sub-channels (30) and double the number of symbols per 10 ms frame (52 to 84 depending on the size of the cyclic prefix and the transmission bandwidth).  The total transmission capacity would be about the same depending if it is decided to limit the super-frame and frame preambles to one symbol each and accept the 3 dB decrease in their robustness to noise and interference, or transmitting these preambles on two successive symbols.  The amount of information carried by special symbols such as the SCH and CBP would need to be reduced by half or would need to occupy twice as many symbols.  Finally, the time buffers to absorb propagation time for the opportunistic bursts in the upstream and in the Self Coexistence Window would need to be doubled in terms of number of symbols to cover for the same propagation time (currently, one symbol covers for about 100 km propagation time one way and 50 km 2-way).

The changes in the PHY parameters should be relatively straightforward except for the need for a new set of PN-sequences for the super-frame, frame and CBP burst preambles and the need for new carrier interleaving parameters.  Bit interleaving may also need to be modified.

The changes in the MAC parameters would be mostly related to the different capacity in the SCH and CBP bursts and the mapping of the downstream and upstream capacity.  Because of the larger number of symbols per frame, the DS/US capacity split would allow more flexibility given the minimum quantity of 7 symbols per direction to acquire the channel information from the pilot carriers.

b) 
Using the same sampling frequency for the three bandwidths based on the 7 MHz channel

This change would result in a common carrier spacing (3.9 kHz based on 8/7*7 MHz) for the three channels bandwidths which is slightly larger than the sub-carrier spacing of the current system in 6 MHz (3.3 kHz) but a different number of sub-channels would result for each channel bandwidth (51 sub-channel for 6 MHz, 60 sub-channels for 7 MHz and 69 sub-channels for 8 MHz).  There would be a need for three different sets of PN-sequences for the super-frame, frame and CBP burst preambles to accommodate the different number of sub-carriers per symbol.  The capacity of the SCH and CBP bursts would be different for each channel bandwidth, requiring different control payload optimization.  Overall, the capacity of the WRAN transmissions in the three bandwidths would be equivalent to the current capacities (see 22-06-0264-10-0000_OFDMA_Parameters.xls, tab: “Summary”), however, the downstream and upstream capacity mapping would have to be different depending on the channel bandwidth.  Three sets of sub-carrier interleaving parameters and possibly bit interleaving parameters would be needed to accommodate each channel bandwidth.  Unlike in the current system proposal where the sampling frequency can be scaled according to the channel bandwidth and, in turn, can also automatically scale the FIR or IIR filter bandwidths at the input and output of the baseband OFDM digital signal processing sub-system, a common sampling frequency would require three sets of filter coefficients for the three channel bandwidths.

From the PHY point-of-view, the table of parameters could be simplified as seen from the carrier spacing perspective but it would require triple sets of parameters in other areas such as the PN-sequences and interleaving parameters.  The susceptibility of the system to the channel time spread (multipath) and frequency spread (Doppler) would be the same for all three channel bandwidths unlike in the current case where the system is more susceptible to Doppler for the 6 MHz channel and it is more susceptible to channel multipath for the 8 MHz channel (shorter cyclic prefix).

On the MAC side, the three different capacities for the SCH and CBP bursts would require different optimizations in the transmission of Information Elements (Ies) depending on the channel bandwidth and the downstream and upstream capacity mapping would need to take into account the different number of sub-channels available.

c)
Modulating one subcarrier over two in the upstream direction

This change would keep the parameters of the current Draft except that only one sub-carrier over two would be used in the upstream direction.  The upstream capacity would then be reduced by half.  By leaving one over two sub-carriers empty, the FFT at the BS would be able to sustain more CPE frequency error and more Doppler spread in case of a moving terminal.  However, this improvement is limited because the orthogonality of the OFDMA carriers received at the BS from the various CPEs is not only based on the rejection on the side of each main carrier but also on the fact that all carriers are supposed to be orthogonal based on the sinx/x zero-crossings at each transmitted carrier.  Even though the adjacent carriers are not used, lack of orthogonality due to frequency error and/or Doppler spreading will also affect other carriers at larger frequency separation.  A study would be needed to verify whether the improved robustness to CPE frequency error and Doppler spread is worth the loss of half of the upstream system capacity.

The changes needed for the PHY parameters should be limited to the bit and sub-carrier interleaving schemes and the interleaving for the CDMA ranging and opportunistic bursts.  At the MAC layer, the reduction in capacity of the opportunistic bursts would need to be considered and the mapping of the upstream capacity would need to be re-visited.
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Abstract


This contribution explores some aspects of the WRAN parameters that would allow better operation of the 802.22 system in a portable environment.
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