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Introduction 
 
If a RS is configured to be a serving station (deliver/collect traffic to/from MSs), during the normal operation, 
this RS may need to transmit the 802.16e preamble to facilitate MS’s cell selection and synchronization. At the 
same time, due to the radio link change, removal of existing RSs and removal of new RSs, a RS may need to 
continuously monitor its radio environment for the purpose of path maintenance and update. 
 
An intuitive way is to use 802.16e preamble for this purpose. However, when a one-radio RS wants to monitor 
802.16e preamble, it has to stop its own 802.16e preamble transmission. This may cause issues for MS’s normal 
operation. 
 
In this contribution, we propose a solution to solve the above problem by introducing a RS-Preamble in UL 
sub-frame. The RS-preamble could be conceptually similar to 802.16e DL Preamble. However, due to the facts 
that a RS needs to transmit and monitor the preamble and the connection between RS could be meshed, we 
propose a scheme to enable the link scanning based on a single RS-Preamble. 
 
The performance of the proposed methods for RS-preamble selection and on-going DL RS preamble 
synchronization is studied using the parameters from [1]. This contribution describes the simulation setup and 
assumptions for the performance evaluation of RS preamble selection and provides the simulation results.  

RS-Preamble 
 
RS-Preamble is transmitted in every N frames, called as a RS-Preamble cycle. The parameters for RS-Preamble 
(e.g., index, PN sequence) may be the same as its 802.16e for a RS who is configured with an 802.16 preamble 
transmission. By introducing RS-Preamble, a one-radio RS doesn't need to stop its 802.16e preamble 
transmission for the purpose of its own radio environment measurement. 
 
In order to obtain reasonable environment measurement, the ideal way is that at any RS-Preamble transmission 
time, only one RS is monitoring and all others are transmitting. Thus, a network-wise RS-Preamble plan (avoid 
more than one RS monitoring RS-Preamble simultaneously) may be required. It would be very difficult to plan 
due to RS removal, adding and the moving of MRS.  
 
In fact, only a small number of RS-Preambles can be detected by a RS. Those RSs whose RS-Preambles can be 
detected by the RS may be within a relative small geographic area around this RS. Thus if we define a time 
interval including M RS-Preamble cycles, and each RS randomly selects one RS-Preamble cycle within this 
interval for monitoring RS-Preamble transmission, the possibility that more than one RS within this small 
geographic area monitoring RS-Preamble would be very small.  
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Thus M RS-Preamble transmission cycles form a base, called as RS-Preamble monitoring cycle selection base, 
from which a monitoring cycle is randomly selected by a RS. 
 
To enable this operation, MMRBS needs to configure following parameters: 
 
• RS-Preamble transmission cycle (N): defines the transmission period of RS-Preamble (e.g., RS-Preamble is 

transmitted every N frames). The first frame in each cycle is the frame, called as RS-Preamble frame, where 
a OFDM symbol is reserved for RS-Preamble transmission  

• RS-Preamble monitoring cycle selection base (M): define the number of cycles within which a RS randomly 
select a cycle to stop its own RS-Preamble transmission and monitor other RS-Preambles in the 
corresponding RS-Preamble frame 

• Base starting frame offset (k): identify the index of frame which starts a base. Thus a RS-Preamble 
transmission base starts from a frame indexed as i with i meeting the formula: mod(i ,MxN) = k. Each base 
includes MxN frames and M cycles. The cycle can be indexed from 0 to M-1. 

• RS-Preamble OFDM symbol offset within RS-Preamble frame (j): identify the OFDM symbol index within 
RS-Preamble frame, referring to the first OFDM symbol in the frame 

An example is shown in Figure 1, where N = 2 
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Figure 1 RS-Preamble transmission 

Simulation Setup 
The performance of the proposed method for on-going DL RS preamble synchronization is evaluated using the 
parameters from [1]. The following sections describe the simulation setup and assumptions for the performance 
evaluation of RS preamble selection. 
 
BS deployment: 
We consider a multi-cell layout assuming a 2-tier cell coverage model with 19 hexagonal cells (including the 
central BS cell). The relay deployment is performed within the 2-tier cell area. To cover the effect of base 
stations on the first and second tiers (with respect to the central cell), we also model the third and fourth tiers; 
however, we neglect the relay deployment in these two outer tiers.  
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Figure 2 Hexagonal grid for BS deployment 
 
Each cell is separated into 3 sectors and each BS is equipped with a 3-sector antenna.  Each sector is assigned a 
cell_ID and a segment_ID which together determine the PN sequence (preamble index) to be employed for 
preamble transmission. By convention, we assume that sectors within the same cell have the same cell_ID.  A 
preamble index can be reused by a BS only if that index is not being used by any other BS within the 2-tier cell 
coverage area.  
 
RS deployment: 
In our simulation for fixed relays, RSs are created randomly within the 2-tier cell area with the following 
constraints 
 

• The distance between any BS and any RS can not be smaller than a specified value 
• The distance between any two RSs can not be smaller than a specified value 

 
Any relay, whenever created, starts monitoring the preamble transmissions (which happens at the first OFDM 
symbol of every DL subframe period) from 19 BSs and any RSs if there exists any in the coverage area. After a 
sufficient observation period, it determines a set of PN sequences for which the correlation metric (whose 
computation is described below) is less than some threshold and the PN index for which the correlation metric 
is the maximum one. We initially assume that the PN sequence with the maximum correlation metric belongs to 
the serving station and those PN sequences that have a segment_ID different from the segment_ID of the 
serving station are considered for potential PN sequences to be assigned to the RSs. 
  

Signal Model 
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The preamble symbols are generated and modulated according to the IEEE 802.16e-2005 standard. Basically, a 
preamble symbol consists of a number of left and right guard tones and a PN sequence, all specified by the 
standard. Let [ ]Tllll Kppp ]1[,],1[],0[ −= Kp  denote the transmitted symbols at tone-k, k=0,..,K-1, of the 
preamble symbol, where 113,,0 K=l , is the index of the PN sequence, and K is the FFT size (that can be 128, 
512, 1024 or 2048).  The signal received by a RS at tone-k can be expressed as (assuming synchronized 
transmissions from all nodes) 

∑ +=
m

mm kzkhkpkr ][][][][  

where the summation over m refers to the superposition of signals from all surrounding base or  relay stations 
and h[k] and z[k] denotes the channel gain and additive Gaussian noise, respectively, at tone-k. The channel 
gains (that govern the effect of path loss, shadowing and small scale fading) are simulated using the methods 
and parameters in [1] and references therein. Let [ ]TKrrr ]1[,],1[],0[ −= Kr denote the received signal in vector 
form. Once a relay receives the preamble symbol, it computes the cross correlation between the received signal 
and each PN sequence: 
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,

K== l
l

l
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ρ  

This is repeated over a number of frames, say F frames, and the resulting cross correlation is averaged by a 
moving average window 
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For fixed RSs, we set 
1f

1
+

=α  so that the resulting correlation is the mean of the cross-correlation values 

across F frames. For a moving RS, it is possible to adjust this parameter appropriately to account for the 
variations of the RSs and BSs that cover the RS. 
 
Evaluation of Interference: 
To assess the effect of interference on the preamble selection and monitoring, we define two interference 
metrics 

• Interference based on average cross correlations 

∑
≠
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l
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• Interference based on received signal power 
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−
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Note that the product in (Error! Reference source not found.) is point-wise product, e.g., 
[ ]Tllllll KhKphp ]1[]1[,],0[]0[. −−= Khp . 

 
  

Performance Criteria and Simulation Results 
 
In the following, we study the monitoring collision rate for the downlink preamble synchronization method.  
 
Parameters: 
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Table 1 provides the parameters for the OFDM signaling. 
 

Table 1 OFDM Parameters 

OFDM Size 1024 
Carrier Frequency 2.35 GHz 

Bandwith 11.2 MHz 
 
The channel gains are generated using the channel parameters provided in [1]. For fixed or nomadic RSs, the 
small scale fading is simulated using the SUI fading channel models. For mobile scenarios, e.g., at high speeds 
with large Doppler shifts, we resort to the legacy channel models.  
 
We include several system parameters in Table 2. 
 

Table 2 System parameters 

Number of BSs 19 
Number of Sectors per cell 3 
BS separation 750 m 
BS Tx Power  43 dBm (~19.95 W) 
BS antenna  
Height 

3-sector antenna with 20 dB front-to-back ratio 
25 m 

Min RS-Rs and RS-BS separation 144 m 
RS Tx Power 27.78 dBm (~600 mW) 
RS antenna 
Height 

Omni antenna (-1 dB gain) 
15 m 

Thermal Noise Density -174 dBm 
 
On-going Downlink Synchronization: 
After the PN index acquisition, RSs start to transmit their own preambles during the downlink subframe. In 
order to synchronize RSs to the variations in the surrounding relay nodes, Nortel proposes to transmit RS 
preambles at system-wide specified time instances at every RS_Preamble_Cycle (a pre-specified number of 
frames, say N frames). The RSs randomly choose one of those instances to monitor the environment. For that 
purpose, RSs are provided a time period over a number of RS_Preamble_Cycles, say M such cycles and over 
these M cycles, they monitor once and transmit RS Preamble at all other instances. This is repeated over K 
periods. At the end of KMN frames, if one or more relays have always selected the same monitoring instances, 
a collision occurs.  
 
In Figures 2.a and 2.b, we plot the collision rate curves in the case of 10 RSs and 15 RSs per cell, respectively. 
In these examples, we define the set of visible RSs relative to a certain RS, RS0, as those which has the 
interference metric (Error! Reference source not found.) above a threshold, thΓ . Here, we set 

{ }l
l

th Γ=Γ
≤≤ 1130
maxarg2.0 . 

From the plots, it is clear that we need a compromise between the parameters M and K. For example, from 
Figure 3.a for 10 RSs/cell, to attain a collision rate of about 1%, we need about 20 frames when M=10 and 
about 16 frames when M=4. By setting a smaller value for M, although we need a larger K, the required number 
of frames, KM, becomes less. 
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Figure 3a Monitoring Collision Rate 
 

 

Figure 2b Monitoring collision rate 
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Conclusions 
 
Based on the simulation results, the proposed R-preamble works well.  We can have a compromise between M 
and K to minimize the time required to attain a desired monitoring collision rate. 
 

Proposed text change 
 

3.1. RS-Preamble 
 
[Insert new section 8.4.6.1.1.3 after Table 309d in Page 527] 
 
8.4.6.1.1.3 RS Preamble 
 
The RS preamble transmission may be used for RS on-going radio environment measurement to enable on-
going path update. 
 
The RS preamble may be transmitted every N frames, which is defined as RS-Preamble cycle. The frame where 
an OFDM symbol is reserved for RS Preamble transmission is called as RS-Preamble frame. The index offset of 
the RS Preamble OFDM symbol within a RS-Preamble frame is j. Both N and j are configurable and shall be 
broadcasted by a MMRBS. The RS Preamble indexing method and corresponding modulation PN series 
definition are the same as 802.16e preamble, as described in 8.4.6.1.1. 
 

3.2. RS preamble transmission procedure 
 
[Insert new section XXX in Page XXX] (not sure where we shall insert yet) 
 
To enable this operation, MMRBS needs to configure following parameters: 
 
• RS-Preamble transmission cycle (N): defines the transmission period of RS-Preamble (e.g., RS-Preamble is 

transmitted every N frames). The first frame in each cycle is the frame, called as RS-Preamble frame, where 
a OFDM symbol is reserved for RS-Preamble transmission  

• RS-Preamble monitoring cycle selection base (M): define the number of cycles within which a RS randomly 
select a cycle to stop its own RS-Preamble transmission and monitor other RS-Preambles in the 
corresponding RS-Preamble frame 

• Base starting frame offset (k): identify the index of frame which starts a base. A RS-Preamble transmission 
base starts from a frame indexed i with i meeting the formula: mod(i ,MxN) = k. Each base includes MxN 
frames and M cycles. The cycle can be indexed from 0 to M-1. 

• RS-Preamble OFDM symbol offset within RS-Preamble frame (j): identify the OFDM symbol index within 
RS-Preamble frame, referring to the first OFDM symbol in the frame 

 
The parameters, N, M,  k, j are configurable and shall be broadcast by MMRBS. At the time when a RS starts 
performing RS functions, RS shall start RS-Preamble operation. 
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Within an RS-Preamble monitoring cycle selection base, a RS shall transmit RS-Pramble in RS-Preamble frame 
in all cycles, except one cycle called as monitoring cycle. A RS shall randomly select an RS-Preamble cycle 
within the base as a monitoring cycle. 
 

3.3. RS-Preamble operation parameter broadcast 
 
We propose to add a new TLV to 802.16e DCD management message 
 
[Insert the following into the end Table 358 in Page 675] 
 

Name Type (1 
byte) 

Length Value PHY scope 

RS Preamble 
parameter 

156 4 Bits#0-7: RS-Preamble tramsission cycle (N) 
Bits #8-15:  RS-Preamble monitoring cycle 
selection base (M) 
Bits#16-23: Base starting frame offset (k) 
Bits#24-31: RS-Preamble OFDM symbol offset 
within RS-Preamble frame (j) 

OFDMA 

 
 
[1] IEEE 802.16j-06/013r1 “Multi-hop Relay System Evaluation Methodology (Channel Model and Performance 
Metric)” 
 


