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 Inter-HR-BS Synchronization for 802.16n Advanced Network
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National Institute of Information and Communications Technology
Introduction
Inter-HR-BS synchronization is required in several operations of an HR network. First, to achieve self-coexistence of several HR networks operating on the same frequency channel by exclusively occupying different frames of a self-coexistence cycle [1], the HR networks must align the starting time of their self-coexistence cycles, and must be synchronized with each other for inter-HR network communications. Second, in case an HR-BS changes its role to HR-RS and relay traffic of its network to a neighbor HR-BS, these two HR networks must be synchronized with each other. Third, for direct communications between two or more HR-MSs that are from different HR networks, inter-HR-BS synchronization is required to align the frames of the HR networks.
A simple way to synchronize several HR-BSs each other is by using UTC, which can be obtained by GPS or backbone network. However, not all HR-BSs are equipped with GPS or connected to backbone network, hence other mechanisms are needed such as by detecting preamble from neighbor HR network. The following introduces methods applicable.

1.  Synchronization of HR-BSs capable of receiving UTC
HR-BSs may be equipped with GPS, or have connection to backhaul network. In this case, an HR-BS is capable of receiving UTC from GPS signal or backhaul network. A simple way for synchronization of HR-BSs capable of receiving UTC is all of them align the absolute local start time of their self-coexistence cycle to the start of an easily recognized UTC time period, such as the starting of every 1 second or every 1 minute, etc. In order to do so, the length of the time period (1 second or 1 minute) is required to be an integral times of the duration of a self-coexistence cycle, for both HR-OFDMA air interface and HR-Advanced air interface. 

For HR-Advanced air interface, a self-coexistence cycle consists of 48 frames [1]. The duration of a self-coexistence cycle is listed in Table 1. The synchronization period of 6 seconds is easily recognized. 
Therefore, HR-BS capable of receiving UTC synchronize the absolute local start time of self-coexistence cycle, to the start of every 6 seconds referenced to UTC to a tolerance of less than or equal to ±2µs.
Table 1 Duration of frame, self-coexistence cycle, and synchronization period for IEEE 802.16n with HR-Advanced air interface.

	Type of air interface
	Frame duration (ms)
	Self-coexistence cycle duration (ms)
	Easily recognized synchronization period (s)

	802.16n Advanced air interface
	5
	240
	6


2. Synchronization between HR-BSs capable of receiving UTC and HR-BSs incapable of receiving UTC

In HR networks, some of HR-BSs may have connection to backhaul network or/and are equipped with GPS, but some of HR-BSs may have neither backhaul connection nor GPS receiver. In this case, the former HR-BSs are capable of receiving UTC but the later HR-BSs cannot receive UTC. Since HR-BSs capable of receiving UTC align the absolute local start time of their self-coexistence cycles to the start of every 6 second, a simple way for inter-HR-BS synchronization is that HR-BSs incapable receiving UTC synchronize with HR-BSs capable of receiving UTC. In order to do so, when an HR station of an HR cell that the serving HR-BS is incapable of receiving UTC detects self-coexistence beacons from a neighbor HR station that the serving HR-BS capable of receiving UTC, the former serving HR-BS adjusts start time of its self-coexistence cycle and synchronizes to the later. 

3. Synchronization between HR-BSs incapable of receiving UTC
HR-BSs incapable of receiving UTC can be classified into two categories: the first is HR-BS that is synchronized with an HR-BS that is capable of receiving UTC (by using method in above, the second is HR-BS is not synchronized with any other HR-BS that is capable of receiving UTC.

Clearly, the second type of HR-BS needs to synchronize to the first type of HR-BS.

The method of synchronization among the second type of HR-BSs is as following. A faster HR-BS synchronizes to a slower HR-BS. When an HR station with a serving HR-BS of the second type receives a self-coexistence beacon from an HR station of a neighbor network with the same type of HR-BS, it determines the time difference between the beacon’s actual reception time and its expected reception time. The beacon’s actual reception time is an estimate of the time that the start of the self-coexistence beacon preamble arrived at the receiving stations’ antenna. The expected reception time is the start time of the corresponding beacon preamble at the cell of the receiving HR station. If the difference is positive, then the neighbor serving HR-BS is slower. In order to synchronize to a slower neighbor HR-BS, a serving HR-BS shall delay its frame by the time difference.
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17.3.11.6 Inter-HR-BS Synchronization

17.3.11.6.1 Synchronization of HR-BSs capable of receiving UTC

HR-BS capable of receiving UTC synchronize the absolute local start time of self-coexistence cycle, to the start of every 6 seconds referenced to UTC to a tolerance of less than or equal to ±2µs.

17.3.11.6.2 Synchronization between HR-BS capable of receiving UTC and HR-BS incapable of receiving UTC

HR-BS incapable of receiving UTC synchronizes with HR-BS capable of receiving UTC.

When an HR station of an HR cell that its serving HR-BS is incapable of receiving UTC receives a self-coexistence beacon from an HR station of a neighboring cell that the severing HR-BS is capable of receiving UTC, it estimates the self-coexistence cycle starting time difference between its cell and the neighboring cell. The method to estimate the self-coexistence cycle starting time difference is as following: it compares the actual receiving time of the self-coexistence beacon and the expected receiving time of the self-coexistence beacon at its cell. The actual receiving time is an estimate of the time that the start of the self-coexistence beacon preamble arrived at the receiving stations’ antenna. The expected reception time is the start time of the corresponding beacon preamble at the cell of the receiving HR station.  

In above, if the HR station receiving the self-coexistence beacon is HR-RS or HR-MS, the station reports the self-coexistence cycle starting time difference to the serving HR-BS. The serving HR-BS aligns the starting time of its self-coexistence cycle to the neighboring serving HR-BS based on the time difference received from the reception HR station.     

17.2.11.6.3 Synchronization among HR-BSs incapable of receiving UTC

HR-BS incapable of receiving UTC can be classified into two categories: the first is HR-BS that is synchronized with an HR-BS that is capable of receiving UTC, the second is HR-BS is not synchronized with any other HR-BS that is capable of receiving UTC.

The second type of HR-BS shall synchronize with the first type of HR-BS, if an HR station of the former cell can receive self-coexistence beacon from HR station of the later cell. The method of synchronization is similar to the method in 17.2.11.6.2.

For synchronization among the second type HR-BSs, a faster HR-BS shall synchronize with a slower HR-BS. When an HR station with a serving HR-BS of the second type receives a self-coexistence beacon from an HR station of a neighboring cell with a same type of HR-BS, it determines the time difference between the beacon’s actual reception time and its expected reception time. The beacon’s actual reception time is an estimate of the time that the start of the self-coexistence beacon preamble arrived at the receiving stations’ antenna. The expected reception time is the start time of the corresponding beacon preamble at the cell of the receiving HR station. If the difference is positive, then the neighboring serving HR-BR is slower. In order to synchronize with a slower neighboring HR-BS, a serving HR-BS shall delay its frame by the time difference.






