

May 2011		doc.: IEEE 802.22-11/0063r0
IEEE P802.22
Wireless RANs
	BER Simulation Comparing Upstream Subcarrier Interleaving Schemes

	Date:  2011-05-12

	Author(s):

	Name
	Company
	Address
	Phone
	email

	Gerald Chouinard
	CRC Canada
	Ottawa, Canada
	613-998-2500
	Gerald.chouinard@crc.ca

	Jason Li
	WiLAN Inc.
	Ottawa, Canada
	613-668-7074
	jli@wilan.com


 (
Abstract
This document 
presents Matlab simulation results on the BER performance for all PHY coding rate, modulation and bit interleaving
 (BI)
 scheme combinations, on the upstream using the old subcarrier interleaving
 (SI)
 scheme {1624,4,2,3}
, the new scheme {1512,2,5,5},
 on the downstream using the old subcarrier interleaving scheme {1440,
40,2,2
}.
 The simulation results show that the new upstream subcarrier interleaving scheme performs better than the old scheme. Moreover, we found that two bit interleaving schemes (K=1056 and 
K=
2112) are incorrect.
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1. Simulation setup

The simulation follows P802.22/D1.0. The simulation parameters are as follows:
· guard period: 1/4
· Modulation: QPSK, 16QAM, 64QAM
· FEC coding rate: 1/2, 2/3, 3/ 4, 5/6
· Bit interleaving scheme: all schemes listed in P802.22/D1.0 Table 204.
· Subcarrier interleaving schemes: 
· Upstream {1512,2,5,5} (new scheme)
· Upstream {1624,4,2,3} (old scheme)
· Downstream {1440,40,2,2} (old scheme)
· C/N: chosen at values within practical operation range for each specific modulation + FEC combination
· Channel-B
· Carrier frequency offset: 0
· Perfect time synchronization
· Perfect channel estimation and equalization

2. Simulation results:

The following shows that BER simulation results for QPSK 1/2, with C/N = 7.0dB.

SI scheme	{1440,40,2,2} {1512,2,5,5} {1624,4,2,3}
		    (Old DS)        (new US)       (old US)
Modulation           QPSK         QPSK         QPSK        
code Rate                1/2              1/2              1/2        
C/N                         7.0              7.0              7.0         
iteration                  200             200             200          
BI size     48       1.1e-006     2.8e-006     2.8e-006
BI size     96       1.3e-006     4.3e-006     4.0e-006
BI size   144       8.4e-007     1.9e-006     2.9e-006
BI size   192       1.9e-006     3.8e-006     4.5e-006
BI size   240       1.5e-006     5.2e-006     4.6e-006
BI size   288       5.1e-006     4.1e-006     3.8e-006
BI size   336       2.1e-006     1.0e-005     2.4e-005
BI size   384       1.4e-005     3.6e-006     3.9e-006
BI size   432       1.7e-006     6.5e-006     5.1e-006
BI size   480       6.0e-007     8.2e-006     2.2e-005
BI size   528       6.0e-007     3.7e-006     3.4e-006
BI size   576       1.7e-006     5.2e-006     3.2e-006
BI size   672       1.8e-006     3.0e-006     4.8e-006
BI size   720       1.8e-006     4.1e-006     2.3e-006
BI size   768       2.3e-006     6.4e-006     2.6e-006
BI size   836       8.9e-007     2.2e-006     2.8e-006
BI size   864       2.4e-006     1.3e-005     1.6e-005
BI size   960       6.1e-006     5.6e-006     3.9e-006
BI size 1008       1.7e-005     4.7e-006     3.5e-006
BI size 1056       5.0e-001     5.0e-001     5.0e-001
BI size 1152       2.3e-006     3.1e-006     3.2e-006
BI size 1248       1.8e-006     4.3e-006     5.1e-006
BI size 1344       2.7e-006     4.8e-006     2.7e-006
BI size 1440       1.7e-003     2.8e-006     4.2e-006
BI size 1536       5.3e-006     3.6e-006     3.6e-006
BI size 1632       8.7e-007     7.3e-006     3.2e-006
BI size 1680       2.0e-006     4.4e-006     3.2e-006
BI size 1728       4.2e-006     5.9e-006     3.7e-006
BI size 1824       1.9e-006     5.6e-006     1.9e-005
BI size 1920       9.1e-007     5.8e-006     1.8e-005
BI size 2016       1.5e-006     5.8e-006     1.6e-005
BI size 2112       5.0e-001     5.0e-001     5.0e-001
BI size 2208       2.6e-006     2.9e-006     5.0e-006
BI size 2304       1.3e-006     5.6e-006     1.7e-005

The above results show that for bit interleaving scheme K=1056 and 2112, BER=0.5. We found that these two interleaving schemes have overlapping indices in the permuting pattern.

The following are figures showing all simulation results. The two incorrect bit interleaving schemes are not included in the figures. In each figure, bit interleaving index 1 to 32 correspond to the bit interleaving schemes listed in Table 204 in P802.22/D1.0 excluding the schemes for K=1057 and 2112.
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Figure 1: BER vs.  BI scheme for QPSK 1/2, C/N = 7.0 dB
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Figure 2: BER vs.  BI scheme for QPSK 2/3, C/N = 10.5 dB
[image: ]
Figure 3: BER vs.  BI scheme for QPSK 3/4, C/N = 12.5 dB
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Figure 4: BER vs.  BI scheme for QPSK 5/6, C/N = 15.5 dB
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Figure 5: BER vs.  BI scheme for 16QAM 1/2, C/N = 12.0 dB
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Figure 6: BER vs.  BI scheme for 16QAM 2/3, C/N = 15.5 dB
[image: ]
Figure 7: BER vs.  BI scheme for 16QAM 3/4, C/N = 20.0 dB
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Figure 8: BER vs.  BI scheme for 16QAM 5/6, C/N = 23.0 dB
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Figure 9: BER vs.  BI scheme for 64QAM 1/2, C/N = 17.0 dB
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Figure 10: BER vs.  BI scheme for 64QAM 2/3, C/N = 20.5 dB
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Figure 11: BER vs.  BI scheme for 64QAM 3/4, C/N = 24.0 dB
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Figure 12: BER vs.  BI scheme for 64QAM 5/6, C/N = 26.5 dB

3. Conclusions

The simulation results show that in general, the new upstream subcarrier interleaving scheme {1512,2,5,5} performes better than the old scheme {1624,4,2,3}. 

Some bit interleaving schemes have less satisfactory performances on the upstream or downstream. However, these bit interleaving schemes may perform good on the other stream.

We suggest that further investigations should be conducted to find alternative schemes for bit interleaving block sizes K=1056 and 2112, and keep the other bit interleaving schemes.
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