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 Revision History
 Revision Originator Date Description
 1.0 P. Trubridge 6/3/09 Provisional Specification
 2.0 P. Trubridge 10/3/09 Updated MCS Thresholds
 3.0 P. Trubridge 16/5/09 Added all products & performance
 assumptions
 4.0 P. Trubridge 17/6/09 Updated MCS Selection Thresholds
 5.0 P. Trubridge 20/7/09 Added 3.5GHz MacroMAXe
 Combined Urban & Sub-urban macro cell
 Uplink sensitivities in interest of simplicity
 6.0 P. Trubridge 21/10/09 Updates in line with PlanetEV input
 requirements
 7.0 P. Trubridge 22/10/09 Corrections from review.
 8.0 P. Trubridge 7/4/10 Amended MIMO/Diversity Gains.
 Note added regarding unsynchronised
 network interference.
 9.0 P. Trubridge 8/4/10 Corrections from review
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 1 Overview
 This specification details performance parameters required for RF Planning a Mobile WiMAX Network using Airspan base station infrastructure. CPE is also covered including parameters specific to Airspan’s own user equipment products. Parameters covered by the individual Product Specifications are used as the basis of this document content where appropriate.
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 2 Scope
 The following products are covered by this specification:
 2.1 Base Station Equipment
 The following Base Station products are covered by this specification:
 Product Frequency Band
 HiperMAX 3.3-3.4GHz TDD
 HiperMAX 3.4-3.5GHz TDD
 HiperMAX 3.5-3.6GHz TDD
 HiperMAX 3.6-3.7GHz TDD
 HiperMAX 3.7-3.8GHz TDD
 HiperMAX-micro 3.3-3.4GHz TDD
 HiperMAX-micro 3.4-3.5GHz TDD
 HiperMAX-micro 3.5-3.6GHz TDD
 HiperMAX-micro 3.6-3.7GHz TDD
 HiperMAX-micro 3.7-3.8GHz TDD
 MacroMAXe 2310 Hi 2330-2390MHz TDD
 MacroMAXe 2510 Mid 2560-2630MHz TDD
 MacroMAXe 3300 3300-3400MHz TDD
 MacroMAXe 3400 3400-3500MHz TDD
 MacroMAXe 3500 3500-3600MHz TDD
 MacroMAXe 3600 3600-3700MHz TDD
 MacroMAXe 3700 3700-3800MHz TDD
 Note: Base Station Antenna characteristics are not covered by this specification. Radiation patterns for standard antennas are available separately from Airspan.
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 2.2 Customer Premise Equipment
 The following Airspan CPE products are covered by this specification:
 Product Name Manufacturer Frequency Band
 Q-Series MiMAX-USB Airspan 2.3-2.4GHz TDD 2.5-2.7GHz TDD 3.3-3.8GHz TDD
 V-Series MiMAX-easy Airspan 2.3-2.4GHz TDD
 V-Series MiMAX-easy Airspan 2.5-2.7GHz TDD
 V-Series MiMAX-easy Airspan 3.4-3.6GHz TDD
 V-Series MiMAX-easy Airspan 3.6-3.8GHz TDD
 V-Series MiMAX-pro Airspan 2.3-2.4GHz TDD
 V-Series MiMAX-pro Airspan 2.5-2.7GHz TDD
 V-Series MiMAX-pro Airspan 3.4-3.6GHz TDD
 V-Series MiMAX-pro Airspan 3.6-3.8GHz TDD
 Note: CPE Antenna characteristics are not covered by this specification. Radiation patterns for standard antennas are available separately from Airspan.
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 3 Equipment Feature Support
 3.1 Base Station Feature Support
 Base stations covered by this document support features as specified in the following table:
 BS Type Freq Number Active Tx
 Number Rx
 Spatial Multiplexing Support
 FFR1 Dual
 MAC/PHY
 DL 2UL (CSM)
 HiperMAX 3.xGHz 2 2 Yes Yes Yes No
 MacroMAXe 2x10
 2.xGHz 2 2 Yes Yes Yes Yes
 MacroMAXe 3x05
 3.xGHz 2 43 Yes Yes Yes Yes
 Channel Bandwidths are supported by each Base Station Type as follows:
 BS Type Freq 5MHz TDD
 7MHz TDD
 10MHz TDD
 HiperMAX 3.xGHz Yes See note 2 Yes
 MacroMAXe 2x10
 2.xGHz Yes No Yes
 MacroMAXe 3x05
 3.xGHz Yes See note 2 Yes
 1 FFR is supported with 7MHz and 10MHz channels only
 2 Please consult Product Management for availability dates
 3 When running Dual MAC/PHY, system reverts to using 2 receivers
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 4 System Planning Overview & Assumptions
 Airspan’s Mobile WiMAX Solutions are compliant with the WiMAX Forum Mobile WiMAX System Profile R1.0 which is based on IEEE802.16e-2005. They incorporate both Space Time Coding (STC) and Spatial Multiplexing MIMO techniques as well as other advanced RF functionality covered by this document. Both Fractional Frequency Reuse (FFR) and non-FFR modes of operation are covered in this document and a technical overview of Airspan’s FFR implementation is detailed in Appendix B. This section is divided into three sub-sections as follows:
 1) General RF Planning Parameters (Frequencies & Interference Characteristics) 2) System Coverage Analysis Parameters 3) System Capacity Analysis Parameters
 4.1 General RF Planning Parameters
 4.1.1 System Operating Frequencies
 Channel centre frequencies can be programmed in 0.25MHz steps across the frequency range supported by each equipment type. Lowest centre frequency = Low Band Edge + CBW/2 Highest centre frequency = High Band Edge – CBW/2 Channels centres are spaced a minimum of 1xCBW apart. When running Dual MAC/PHY, the two carrier shall be in adjacent channels.
 4.1.2 Uplink Power Control Set Point
 A set point is configured at the base station representing the Rx level that the power control algorithm will attempt to reach. This parameter is valid during IR only. In normal operation, UL power control is based on CINR targets rather than on RSSI target. The recommended set point is -100dBm
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 4.2 System Coverage Analysis Parameters
 4.2.1 Maximum Range
 Due to MAC timing restrictions, implementations as per the Mobile WiMAX standard are restricted to the following maximum BS to MS range:
 Channel Bandwidth Maximum Range Supported?
 3.5MHz 20.7km No
 5MHz 8.4km Yes (roadmap item)
 7MHz 20.7km Yes (roadmap item)
 10MHz 8.4km Yes
 Changes can be made to the sub-frame configuration in order to exceed these maximum ranges. For networks requiring ranges in excess of these, Airspan Product Management should be consulted for specific RF Planning guidance.
 4.2.2 Transmit Powers
 In the case of multiple transmitters for MIMO support, transmit powers are quoted as combined power. This is valid for both link budget and interference analysis.
 4.2.2.1 Base Station Transmit Power
 The base station transmit power is fixed during installation. Values apply to all channel bandwidths as follows:
 BS Type & Config Combined Tx Power (Normalised to power at BS RF port)
 Max Tx Power Min Tx Power Pre-amble Boost
 Pilot Boost
 HiperMAX 3.xGHz (2Tx2Rx)
 +35.0dBm TBA 3dB 2.5dB
 MacroMAXe 2x10 (2Tx2Rx)
 +43.0dBm 23.0dBm 3dB 2.5dB
 MacroMAXe 3x05 (2Tx4Rx)
 +40.0dBm TBA 3dB 2.5dB
 When running Dual MAC/PHY, the Tx power is divided evenly across the total combined bandwidth of the carriers. Eg. A 3dB reduction in channel power should be applied when running 2x10MHz.
 4.2.2.2 Mobile Station Transmit Power
 The mobile station transmit power is dynamically adjusted between max and min levels. Maximum and minimum levels apply to all channel bandwidths as follows:
 MS Type Frequency Combined Tx Power (Normalised to power at MS Antenna port)
 Max Tx Power Min Tx Power
 V-Series MiMAX-Easy All Bands +27dBm TBA
 V-Series MiMAX-Pro All Bands +27dBm TBA
 Q-Series MiMAX-USB All Bands +22dBm TBA
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 4.2.3 Receive Sensitivities
 Receive sensitivities are calculated by RF Planning tools based on minimum CINR and Receiver Noise Figure. In order to account for modem implementation loss, Airspan recommend using Noise Figure + Implementation Loss as the Noise Figure value. This section includes details of minimum CINR, Noise Figure and Implementation loss for all Base Station and Mobile Station product types. MIMO / Diversity Gains and fast fade margin guidelines for typical environment types are given in section 4.2.5.
 4.2.3.1 Base Station Receiver Sensitivity
 Assumptions:
 Thresholds assume HARQ active
 Thresholds assume a target maximum PER of 1%
 QPSK1/2 with no Repetition Coding is used as the basis of the Minimum CINR Threshold
 BS Type Freq Band
 Min CINR Threshold
 Noise Figure (NF)
 Implementation Loss (IL)
 NF+IL
 HiperMAX 3.xGHz 1.6dB 4dB 1.8dB 5.8dB
 MacroMAXe 2x10 2.xGHz 1.6dB 4dB 1.8dB 5.8dB
 MacroMAXe 3x05 3.xGHz 1.6dB 4dB 1.8dB 5.8dB
 4.2.3.2 Mobile Station Receiver Sensitivity
 Assumptions:
 Thresholds assume HARQ active
 Thresholds assume a target maximum PER of 1%
 QPSK1/2 with no Repetition Coding is used as the basis of the Minimum CINR Threshold
 MS Type Freq Band
 Min CINR Thresholds Noise Figure (NF)
 Implementation Loss (IL)
 NF+IL
 Payload Pre-amble
 MAP
 V-Series MiMAX-Easy 2.xGHz 1.6dB 4.6dB 4.6dB 6dB 2dB 8dB
 V-Series MiMAX-Easy 3.xGHz 1.6dB 4.6dB 4.6dB 6dB 2dB 8dB
 V-Series MiMAX-Pro 2.xGHz 1.6dB 4.6dB 4.6dB 6dB 2dB 8dB
 V-Series MiMAX-Pro 3.xGHz 1.6dB 4.6dB 4.6dB 6dB 2dB 8dB
 Q-Series MiMAX-USB All Bands 1.6dB 4.6dB 4.6dB 9dB 2dB 11dB
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 4.2.4 Antenna Gains & Patterns
 Antenna gains and patterns for each BS & MS product are provided separately.
 4.2.5 Other Gains & Losses
 4.2.5.1 Downlink MIMO Gains
 MIMO gains as follows are to be applied to RF Planning downlink coverage and capacity predictions:
 Config Environment Type
 CDD (MAP & Preamble)
 MIMO A (Payload)
 MIMO B (Payload)
 2x BS Tx, 2x MS Rx (2x2)
 Rural 6.5dB 7.9dB -1.6dB
 Sub-Urban 6.5dB 7.9dB -1.6dB
 Urban 6.5dB 7.9dB -1.6dB
 Note: Does not include Combination Gains (these are covered in Tx Powers quoted in section 4.2.2.
 4.2.5.2 Uplink Diversity Gains
 The following MS Products include antenna switched diversity:
 MS Type Switched Diversity Supported?
 V-Series MiMAX-Easy No
 V-Series MiMAX-Pro No
 Q-Series MiMAX-USB Yes
 Diversity gains as follows are to be applied to RF Planning uplink coverage and capacity predictions:
 BS Config Environment Type Switched Diversity Gain
 Array Gain MRC Gain
 2Rx Rural 1.5dB 3dB 2.4dB
 Sub-Urban 1.5dB 3dB 2.4dB
 Urban 1.5dB 3dB 2.4dB
 4Rx Rural 0.8dB 6dB 2.7dB
 Sub-Urban 0.8dB 6dB 2.7dB
 Urban 0.8dB 6dB 2.7dB
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 4.2.5.3 Uplink Sub-Channelisation Gain
 MS’s can sign on with a minimum of 3 sub-channels at QPSK1/2 (no repetition coding) and can be scheduled to transmit data between 3 and the number of sub-channels available. The number of sub-channels available depends on channel bandwidth and segmentation mode as follows:
 Number of Sub-Channels Available
 Minimum Fraction of available Sub-channels
 Approx max Sub-channelisation Gain
 10MHz Non-Segmented (non-FFR)
 35 9% 10dB
 10MHz Segmented (FFR) 11 27% 5dB
 5MHz Non-Segmented (non-FFR)
 17 18% 7dB
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 4.3 System Capacity Analysis Parameters
 4.3.1 Link Budget & MCS/MIMO Selection
 All link budget parameters provided in the previous section apply. In addition, the following selection 4thresholds apply to MCS & MIMO Modes:
 Note: MIMO/Diversity Gains should not be double accounted. They must be applied as either a link budget gain or a correction to the MCS threshold. Downlink:
 Mod FEC Rep Coding
 MIMO Mode CINR Threshold (dB) Bits per Symbol
 Fixed/Nomadic Mobile
 QPSK 1/2 1 CDD (Sensitivity Threshold – CDD Gain) 1
 QPSK 3/4 1 Matrix A (STC)
 (13.2 – MIMO A Gain)
 (16.2 – MIMO A Gain)
 1.5
 16QAM 1/2 1 Matrix A (STC)
 (14.9 – MIMO A Gain)
 (17.9 – MIMO A Gain)
 2
 16QAM 3/4 1 Matrix A (STC)
 (19.1 – MIMO A Gain)
 (22.1 – MIMO A Gain)
 3
 64QAM 1/2 1 Matrix B (SM)
 (19.1 – MIMO B Gain)
 (22.1 – MIMO B Gain)
 6
 64QAM 1/2 1 Matrix A (STC)
 (19.1 – MIMO A Gain)
 (22.1 – MIMO A Gain)
 3
 64QAM 2/3 1 Matrix B (SM)
 (22.6 – MIMO B Gain)
 (25.6 – MIMO B Gain)
 8
 64QAM 2/3 1 Matrix A (STC)
 (22.6 – MIMO A Gain)
 (25.6 – MIMO A Gain)
 4
 64QAM 3/4 1 Matrix B (SM)
 (24.4 – MIMO B Gain)
 (27.4 – MIMO B Gain)
 9
 64QAM 3/4 1 Matrix A (STC)
 (24.4 – MIMO A Gain)
 (27.4 – MIMO A Gain)
 4.5
 64QAM 5/6 1 Matrix B (SM)
 (26.3 – MIMO B Gain)
 (29.3 – MIMO B Gain)
 10
 64QAM 5/6 1 Matrix A (STC)
 (26.3 – MIMO A Gain)
 (29.3 – MIMO A Gain)
 5
 Uplink:
 Mod FEC Rep Coding
 CINR Threshold (dB) Bits per Symbol
 Fixed/Nomadic Mobile
 QPSK 1/2 1 As Sensitivity Threshold 1
 QPSK 3/4 1 (10.4-(TxDiv+MRC Gain) (13.4-(TxDiv+MRC Gain) 1.5
 16QAM 1/2 1 (11.7-(TxDiv+MRC Gain) (14.7-(TxDiv+MRC Gain) 2
 16QAM 3/4 1 (16.2-(TxDiv+MRC Gain) (19.2-(TxDiv+MRC Gain) 3
 4 Thresholds are normalised for RF Planning purposes. They do not have a direct relationship with the
 values used in Netspan Profiles.
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 4.3.2 TDD Downlink / Uplink Split
 The Mobile WiMAX System Profiles covered in this document are TDD implementations. Airspan’s products comply with all valid Downlink/Uplink symbol splits as outlined by the Mobile WiMAX System Profile R1.0 as follows: 5&10MHz Channels:
 35/12 - 75%/25%
 34/13 - 72%/28%
 33/14 - 70%/30%
 32/15 - 68%/32%
 31/16 - 66%/34%
 30/17 - 64%/36%
 29/18 - 62%/38%
 28/19 - 60%/40%
 27/20 - 58%/42%
 26/21 - 55%/45% The default split is 29:18 and this is generally the split used during initial capacity analysis. The split can be changed to any of the options above in order to optimise the system capacity.
 4.3.3 FFR Zone Switch Threshold
 For the purposes of RF Planning, it should be assumed that MS’s will be assigned to the non-segmented (R1) zone at R1 CINR’s > 16dB.
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 4.4 Interference Analysis Parameters
 Interference analysis is performed on the downlink using Base Station Tx Spectrum Mask profiles plus the receive filter profile for the MS. Note that unsynchronised neighbouring Base Stations will cause “Hub to Hub” interference levels with overlapping Tx and Rx sub-frames. Care must be taken during planning to ensure adequate isolation is present between systems. Where isolation cannot be achieved, additional external RF filtering may be required to prevent Rx blocking. In such cases, Airspan Product Management should be consulted.
 4.4.1 MS Rx Mask
 MS receive filter profiles as defined by the WiMAX RCT are to be used. These are worse case values and can be applied to all WiMAX compliant MS Types. The limits are as follows:
 4.4.2 Tx Spectrum Mask
 The following profile shall be assumed for interference analysis:
 BS Type Emission Level
 +1 Channel Offset +2 Channel Offset
 HiperMAX (all bands) -40dBc -60dBc
 MacroMAXe (all bands) -40dBc -60dBc
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 5 Appendix A Network Design Guidelines
 Airspan’s base stations support any frequency reuse plan designed to meet C/I ratios according to that required by the minimum modulation & coding scheme (MCS) that the operator plans to support in the network. The optimal base station configuration for Mobile WiMAX is sectorised in multiples of three (eg. 3-sector, 6-sector etc). This allows the network to take best advantage of the PUSC modes implemented in the WiMAX OFDMA PHY. A cellular network made up of 3-sectored base station sites is most common for dense urban / sub-urban deployments. This is illustrated in the following diagram:
 Interlaced cells within the corner excited network provide maximum coverage with optimum control of cell overlap for handover purposes and future load balancing during the RF Planning phase of the deployment. A proposal generally starts with the deployment of a “coverage layer”. This layer provides basic RF coverage of the entire target service area using a minimum number of base station sites. Subsequently, where extra capacity is required, a second “layer” of base station infrastructure is added to the existing base station sites following the same cell pattern. MacroMAXe is capable of supporting 20MHz operation and, alternatively, a second 10MHz “layer” can be added by configuring the base stations to run Dual MAC/PHY. This provides the additional capacity without the need to add base station hardware and can be performed as a remote upgrade to the base station. This “layered” approach to network deployment provides the following advantages:
 Full Day 1 service coverage – allows whole city marketing campaign to start at once
 Targeted capacity expansion using existing sites
 o lowers cost of network expansion providing a more flexible network growth capability (based
 on demand).
 o More consistent co-channel interference environment at the network grows.
 o No need to re-point fixed outdoor CPE as the network grows.
 Within a cellular plan, two frequency re-use schemes are possible, ie. n=3 and n=1 (using Fractional Frequency Reuse [FFR]). The two schemes are illustrated below.
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 The n=3 scheme uses 3 RF Channels across the network. The n=1 scheme uses a single (normally wide band, eg. 10MHz) channel across the entire network. The base station operates in two PUSC modes; Segmented PUSC (using typically 1/3 of the OFDMA sub-carriers) and non-segmented PUSC (using all sub-carriers). It uses zones within the WiMAX frame to isolate (in time) MSs requiring use of segmented PUSC and non-segmented PUSC. MS’s are assigned to a zone depending on the level of interference at their location via a feedback mechanism to the base station. Typical PUSC zone distribution for a single base station site is illustrated below.
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 This pattern is repeated across all base stations. Each sector is assigned one of three PUSC groups for their segmented PUSC zone (carrying unique sets of sub-carriers) in a similar pattern to that shown for n=3. This n=1 technique is known as “Fractional Frequency Reuse”. It provides the advantage of being able to deliver full wide band channel throughput to MS’s located in non-interfered locations. This allows a higher peak service to be offered by the network operator than that possible when running multiple narrow channels. In allowing non-interfered users to enjoy higher peak rates, the overall spectrum efficiency of the network is increased. An additional benefit is the support of Multi-media Broadcast Services (MBS) and the Macro Diversity provided by such a scheme. The choice of re-use technique is key to maximising the potential capacity from an operators base station sites as well as the potential capacity of the entire network.
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 6 Appendix B Fractional Frequency Reuse – Technical Overview
 Fractional Frequency Reuse (FFR) describes a WiMAX deployment methodology and associated link level algorithms in which MS are automatically assigned a reuse zone so as to optimise throughput with respect to co-channel interference. In the downlink, each BS sector is configured with three zones as depicted in Figure 1. In order to control interference, the split between zones 2 and 3 is time-synchronised across the network.
 Pre
 am
 ble
 FCH-1
 DL-M
 AP
 Zone 2Zone 1
 Mandatory PUSC zone
 SISOPUSC
 Reuse 3
 Zone 3
 SISO PUSC required forsign-on and broadcasts.
 MIMOPUSC
 Reuse 3
 MIMOPUSC
 Reuse 1
 UL-MAP
 DL-MAP
 FCH-0
 FCH-2
 Segment 0
 Segment 1
 Segment 2
 R3 - segmented zones R1 - all sub-channel zones
 R3 / R1 splitNetwork synchronised
 Time
 Logical sub-channel
 Downlink Frame Configuration
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 For a BS site with three sectors, each BS sector is allocated a different segment, as depicted in Figure 2. MS close to the BS are allocated data in the reuse 1 (R1) zone using all sub-channels. MS may be subject to high levels of co-channel interference from adjacent sectors, these MS are allocated data in the reuse 3 (R3) zone.
 R3 PUSC Segment 0
 R3 PUSC Segment 1
 R3 PUSC Segment 2
 R1 PUSC All Sub-channels
 BS 1
 BS 2
 BS 3
 Network Frequency Configuration Downlink FFR Algorithm Description Automatic R3/R1 zone selection works as follows; the BS initially allocates MS data in the R3 zone. The BS monitors DL MCS, and if it exceeds a pre-defined level, it enables polling of downlink preamble PCINR for R1 zone using REP-REQ/RSP. If the preamble CINR report exceeds a pre-defined threshold, the BS transitions the MS to the R1 zone. At this point, preamble CINR polling stops to conserve bandwidth. The BS then monitors DL MCS and transitions the MS back to the R3 zone if the MCS falls below a pre-defined threshold. The general transition sequence for increasing DL CINR is shown below. Note that the reuse 3 to reuse 1 switching threshold makes it unlikely that the MS would select Matrix-B in the reuse 3 zone.
 Low CINR
 Reuse 3 zone, preamble CINR polling disabled, Matrix-A
 ↓
 Reuse 3 zone, preamble CINR polling enabled, Matrix-A
 ↓
 Reuse 1 zone, preamble CINR polling disabled, Matrix-A
 ↓
 Reuse 1 zone, preamble CINR polling disabled, Matrix-B
 High CINR
 In the case the preferred zone is fully utilised, the BS may temporarily override the reuse zone selection described above, allocate user traffic in the alternate zone. When this is necessary, the BS predicts the interference in the alternate zone and modifies MCS selection accordingly.
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 7 Appendix C Diversity Gains
 The following illustrate the typical gain budget for Downlink and Uplink diversity modes:
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