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1.1.1 ranging
A subchannel for ranging, BW request and UCS notification is composed of one or more groups of five adjacent subchannels by using the distributed subcarrier permutation of the upstream, where the groups are defined starting from the first subchannel and called a ranging subchannel. Subchannels are considered adjacent if they have successive logical subchannel numbers. The indices of the subchannels that compose the ranging subchannel are specified in the US-MAP_IE. CPEs are allowed to collide on this ranging channel. To effect a ranging transmission, each CPE randomly chooses one ranging code from the subgroup of specified binary codes.
1.1.1.1 Initial-ranging transmission
The initial ranging transmission shall be used by any CPE that wants to synchronize to the system for the first time. An initial-ranging transmission can be performed during two, three or four consecutive symbols with considering the TTG relating to the cell coverage which can be typically 33km and above, up to a maximum 100km. The same ranging code is transmitted on the ranging subchannel during each symbol and these codes are BPSK modulated with phase rotation according to the symbol index and the subcarrier index. These symbols are generated by the equation (1). An initial-ranging transmission symbols can maintain the phase continuity between two contiguous symbols after the CP is inserted at the front of OFDM symbol. A time-domain illustration of the two or three initial-ranging transmission is shown in Figure 1.
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Where 
s(n,l)  is the l-th OFDMA symbol for initial ranging with the sample index n. l is [0,1,2,3].
k         is the subcarrier index in the TV channel.

Ck       is the ranging code defined in 1.1.3.         

R        is the set of index of subcarriers within the ranging subchannel. 

NFFT   is the size of 2K FFT, 2048.

NCP      is the size of the cyclic prefix (= guard interval).
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(a) Using two consecutive OFDMA symbols
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(b) Using three consecutive OFDMA symbols

Figure 1 Initial-ranging transmission for OFDMA
1.1.1.2 Periodic-ranging, BW-request and UCS notification transmission

Periodic-ranging transmissions can be sent periodically for system periodic ranging. Bandwidth-requests transmissions are for requesting uplink allocations from the BS. UCS notification transmissions are for reporting the existence of incumbent in the current operating TV channel. These transmissions shall be sent only by CPE that have already synchronized to the system. To perform periodic-ranging, bandwidth-request or UCS notification transmission, the CPE can send a transmission in one of the following ways:
a) Modulate one ranging code on the ranging subchannel for a period of one OFDMA symbol. Ranging subchannels are dynamically allocated by the MAC layer and indicated in the US-MAP. A time domain illustration of the periodic-ranging, bandwidth-request or UCS notification transmission is shown in Figure 2.
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Figure 2 Periodic-ranging or bandwidth-request transmission for OFDMA using one code
b) Modulating three consecutive ranging codes (starting code shall always be a multiple of 3) on the ranging subchannel for a period of three OFDMA symbols (one code per symbol). Ranging subchannels are dynamically allocated by the MAC layer and indicated in the US-MAP. A time domain illustration of the periodic-ranging, bandwidth-request or UCS notification transmission is shown in Figure 3.
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Figure 3 Periodic-ranging or bandwidth-request transmission for OFDMA using three codes

1.1.1.3 Ranging codes

The binary codes are the pseudonoise codes produced by the PRBS described in Figure 4, which implements the polynomial generator 
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. The PRBS generator shall be initialized by the seed b14...b0 = 0,0,1,0,1,0,1,1,s0,s1,s2,s3,s4,s5,s6 where s6 is the LSB of the PRBS seed, and s6:s0 = US_IDcell, where s6 is the MSB of US_IDcell.
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Figure 4 PRBS for ranging code generation

The binary ranging codes are subsequences of the pseudonoise sequence appearing at its output Ck. The length of each ranging code is 140 bits. These bits are used to modulate the subcarriers in a group of five adjacent subchannels, where subchannels are considered adjacent if they have successive logical subchannel numbers. The bits are mapped to the subcarriers in increasing frequency order of the subcarriers, such that the lowest indexed bit modulates the subcarrier with the lowest frequency index and the highest indexed bit modulates the subcarrier with the highest frequency index. The index of the lowest numbered subchannel in the five shall be an integer multiple of five. The ranging subchannel is referenced in the ranging, Bandwidth Request and UCS notification messages by the index of lowest numbered subchannel.
For example, the first 140 bit code obtained by clocking the PN generator as specified, with US_IDcell = 0, the first code shall be 00110000010001... The next ranging code is produced by taking the output of the 141th to 280th clock of the PRBS generator, etc.
The number of available codes is 256, numbered 0..255. Each BS uses a subgroup of these codes, where the subgroup is defined by a number S, 0 <= S <= 255. The group of codes will be between S and ((S+N+M+L+I) mod 256).
—  The first N codes produced are for initial-ranging. Clock the PRBS generator 140 × (S mod 256) times to 140 × ((S+ N) mod 256) – 1 times.

—  The next M codes produced are for periodic-ranging. Clock the PRBS generator 140 × ((N + S) mod 256) times to 140 × ((N + M + S) mod 256) – 1 times.

· The next L codes produced are for bandwidth-requests. Clock the PRBS generator 140 × ((N + M + S) mod 256) times to 140 × ((N + M + L + S) mod 256) -1 times.
· The next I codes produced are for UCS notification. Clock the PRBS generator 140 × ((N + M + L + S) mod 256) times to 140 × ((N + M + L + I + S) mod 256) -1 times.
The BS can separate colliding codes and extract timing (ranging) information and power. In the process of CPE code detection, the BS gets the Channel Impulse Response (CIR) of the code, thus acquiring for the BS vast information about the channel and condition of each CPE. The time (ranging) and power measurements allow the system to compensate for the near/far CPE problems and the propagation delay caused by large cells.
1.1.2 Ranging, BW request and UCS notification opportunity size

For ranging, BW-request and UCS notification, the ranging opportunity size is the number of symbols required to transmit the appropriate ranging/BW-request/UCS notification code, and is denoted N1. N2 denotes the number of subchannels required to transmit a ranging, BW-request and UCS notification code. In each ranging/BW request/UCS notification allocation, the opportunity size (N1) is fixed and conveyed by the corresponding US_MAP_IE that defines the allocation. The ranging allocation is subdivided into slots of N1 OFDMA symbols by N2 subchannels, in a time first order, i.e. the first opportunity begins on the first symbol of the first subchannel of the ranging allocation, the next opportunities appear in ascending order in the same subchannel, until the end of the ranging/BW-request/UCS notification allocation (or until there are less than N1 symbols in the current subchannel), and then the number of subchannel is incremented by N2. The ranging allocation is not required to be a whole multiple of N1 symbols, so a gap may be formed (that can be used to mitigate interference between ranging and data transmissions). Each CDMA code will be transmitted at the beginning of the corresponding slot. See Figure 5.
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Figure 5 Ranging/BW request/UCS notification opportunities
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Abstract


This document presents normative text intended for insertion into the 802.22 standard.  This text is intended to describe the ranging which will be inserted into Section 8.10.2 of v0.2. 
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