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Discussion on SSURF density and sub-carrier composition within the context of IEEE 802.16e OFDMA modulation/coding formats

John Sydor

Communincations Research Centre, Ottawa

Introduction

IEEE 802.16e OFDMA offers a number of modulation and coding rates for 512 (5 MHz) and 1024 (10 MHz) systems. SSURF messages need to be universally demodulated and decoded by all same-PHY interfered-with systems. Ideally, to be identified in worst case operating environments,  such SSURFs should be sent at a rate somewhat more robust than the standard operating modulation/coding format of the data channel. This format impacts the number of SSURFs that can be contained in the CXC_CMI_U(n).

Additionally we are also left with the question on the sub-channel/sub-carrier distribution and permutations of the SSURF. Sub-carrier sets used with SSURF messages should reflect the sub-carrier sets used by the mobile’s data link. This is important since the purpose of the SSURFs is to indicate the activity  of a specific mobile located on specific channels (and sub-carrier frequency domain slots).

Tabulated Results

Table 1 ( derived from Ref. 1) indicates the data rates for the lower order, high repetition modulation and coding schemes anticipated for use by WiMAX (IEEE 802.16e) systems. This table is used because it reflects commonly accepted uplink and downlink data rates that are anticipated for WiMAX mobile 5 and 10 MHz bandwidth allocations.

Table 2 gives the information content that is available in a CX_CMI_U(n). The calculation is based upon the fact that the CMI slots occupy 1.9 msec of CXCC time (Tcc_s). Based on this information content, calculations are undertaken as to the number of SSURFs that can occupy the given CMI at the given modulation/coding rate. The calculation is based upon the SSURF messages, as currently specified, containing  either 280 bits of data for IPV4 or 360 bits for IPV6.

Table 2 also gives the S/N ratio at which the given modulation/coding rate has a BER of 10(-6). Some of the values given are estimated. 

	Modulation
	Code Rate
	5 MHz Channel
	10 MHz Channel

	
	
	Downlink Rate

Mbps
	Uplink Rate

Mbps
	Downlink Rate

Mbps
	Uplink Rate

Mbps

	QPSK
	½ CTC 6X
	0.53
	0.38
	1.06
	0.78

	
	½  CTC 4X
	0.79
	0.57
	1.58
	1.18

	
	½  CTC 2X
	1.58
	1.14
	3.17
	2.35

	
	½  CTC 1 X
	3.17
	2.28
	6.34
	4.70

	
	¾ CTC
	4.75
	3.43
	9.50
	7.06

	16 QAM
	½ CTC
	6.34
	4.57
	12.07
	9.41

	
	¾ CTC
	9.50
	6.85
	19.01
	14.11


        Table 1 Mobile WiMAX PHY Data Rate with PUSC Sub-Channel

	Modulation
	Code Rate

(Min S/N for BER 10-6)
	5 MHz Channel
	10 MHz Channel

	
	
	Bit content in 

CX_CMI_U(n) Interval (1.9 Msec)
	SSURF

Content

Ipv4
	SSURF

Content

Ipv6
	Bit content in

CX_CMI_U(n) Interval (1.9 Msec)
	SSURF

Content

Ipv4
	SSURF

Contet

Ipv6

	QPSK
	½ CTC 6X

(-4.9 dB) 
	722
	2
	2
	1482
	5
	4

	
	½  CTC 4X
	1083
	3
	3
	2242
	8
	6

	
	½  CTC 2X
	2166
	7
	6
	4465
	15
	12

	
	½  CTC 1 X (2.9 dB)
	4332
	15
	12
	8930
	31
	24

	
	¾ CTC 

(6.9 dB)
	6517
	23
	18
	13414
	47
	37

	16 QAM
	½ CTC 

(8.6 dB)
	8683
	31
	24
	17879
	63
	49

	
	¾ CTC
	13015
	46
	36
	26809
	95
	74


Table 2: Approximate calculation of SSURF message occupancy within CX_CMI_U(n) conforming to expected WiMAX Mobile OFDMA modulation/coding rates

Discussion and Recommendations 

The lowest, most robust modulation and coding rates indicate that anywhere from 2-15 SSURFs can be placed inside the CX_CMI_U(n) for 5 MHz channel widths, for example. In order to maintain an adequate SSURF reporting rate is is recommended that the modulation/coding rate for the SSURFs be chosen to be either at  or one level below the lowest data rate that would normally be used by the mobile. What this rate is remains to be discussed.

In order to ensure that a SSURF is representative of the sub-carrier content of the data messages sent by the mobile, it is also recommended that the SSURFs sub-carrier content be spread across the available bandwidth and that contiguous permutations not be used. Such sub-carrier distributions will provide the best frequency diversity and interference averaging capability. It is recommended that the SSURFs consist of the smallest number of sub-carriers (48) allowed by the standard.

Ref 1: Mobile WiMAX-Part 1: A technical overview and performance evaluation. Copyright by WiMAX Forum, Feb 21, 2006.
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