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Handoff Procedure in the 802.16m Femto Cell Environments 

Sunggeun Jin, Sungcheol Chang, Won-ik Kim, Hyun Lee, Soojung Jung, Chulsik Yoon 

ETRI 

1. Introduction 

It is highly possible that more than tens of femto cells are overlaid in a single 802.16m macro cell. For this reason, a long list of neighboring femto Base Stations (BSs) would be broadcast via neighbor advertisement message. It incurs two problems; (1) the long list requires wasteful wireless resources; (2) it takes long time to scan all the neighboring femto BSs. In order to handle the problems, we suggest a new HandOff (HO) procedure utilizing limited number of neighboring femto BSs. 

2. Neighbor Advertisement  

Typically, BSs broadcast neighbor advertisement message containing the information about neighboring BSs. The information can be either organized by gathering MSs’ handoff history between macro cells or manually configured by network providers. The information is used for MSs in a macro cell to scan neighboring BSs, which might provide better throughput than current serving BS. While an MS scans neighboring BSs, it measures signal qualities such as Received Signal Strength Indication (RSSI), Carrier to Interference and Noise Ratio (CINR), and Signal to Interference and Noise Ratio (SINR). Recent studies show that the signal qualities can be utilized to estimate relative location of an MS between neighboring BSs. In the 802.16Rev2, MSs are designed to report the measurement results when it performs handoff to a newly selected BS [1]. We can extend the concept for the handoff in femto cell environments.  

It is reasonable to assume that a network topology including a femto cell environment is hardly changed. When a new femto BS is established in a macro cell, MSs would try to scan and handoff to the new femto BS without the prior knowledge of it. In this case, BS can request MSs to perform full scanning over the entire femto and macro cells. When an MS makes decision to performs handoff to the femto BS, it transmits handoff request including the measurement results about neighboring macro cells and femto cells to the serving BS in the macro cell, i.e., macro BS. The more MSs handoff to the femto BS successfully, the more reliable information is made in its macro BS. With the accumulated handoff events and measurement results, macro BS can recognize overall network topology including femto cells statistically. Thereafter, the macro BS can broadcast corresponding network topology information when necessary. 

We suggest detailed neighbor advertisement message management scheme as follows: a macro BS categorizes femto cells in its coverage into several groups according to handoff history including signal quality measurement results about neighboring macro BSs or femto BSs. Each group is indexed by identification number. In case that an MS reports its measurement results about neighboring macro BSs, the macro BS selects recommendable list of femto cells, i.e., an indexed group, to its neighbor advertisement message, which is broadcast periodically. If the macro BS determines that there is no MS referring the selected group, it can remove corresponding group. Therefore, the length of neighbor advertisement message is variable depending on the status of MSs.  

If a BS should broadcast a long list of femto BSs due to that there exist a large number of femto BSs in a macro cell, it can selects several femto BSs in each group in order to reduce the size of the list. In this case, the BS unicasts the rest of a group when an MS requests more information about the group. In order to build  more precise neighbor list, femto cell BS can report its detailed location obtained from Global Positioning System (GPS) to a macro BS while performing initialization procedure. 

3. Handoff Procedure 

We propose a handoff procedure reflecting newly suggested neighbor advertisement managements. The following scenario explains how an MS should conduct in order to scan and handoff in femto cell environments: femto BSs may not be located at macro cell boundaries, and hence, an MS is required to scan neighboring femto cells periodically anywhere. In order to reduce unnecessary overhead for scanning, the MS should receive neighbor advertisement message since the message provides candidates for proper handoff. However, at the beginning, the message contains a list of only macro BSs. Therefore, the MS should measure signal qualities such as RSSI, CINR or SINR by performing scanning. Scanning can be triggered by either macro BS or MS itself. After the measurement, the MS may transmit scanning result report (MOB_SCN-REP) message. From the scanning result report message, BS estimates appropriate group of femto cells for MS's handoff, and then, it informs the MS of an index number indicating the chosen group, which is broadcast via neighbor advertisement message. 
However, the group may contain a part of entire candidate femto cells in order to reduce the size of femto cell list. If the MS requires more detailed list of neighboring femto cells, it can request BS by using scanning interval request (MOB_SCN-REQ) to transmit more information through scanning allocation response (MOB_SCN-RSP). While performing scanning, the MS measures signal qualities of neighboring femto cells. When it performs handoff, it reports the latest measurement results by transmitting MS HO request message (MOB_MSHO-REQ). The message may include exact location of MS obtained from GPS if the MS is equipped with it.  

Frequent scanning result report may increase the load of wireless network, and hence, a macro BS can control the amount of the report by inform MSs of a reporting condition.  Since the scannings over femto cells occur anywhere in a macro cell, MSs' MOB_SCN-REQs could happen frequently. It would be also a burden to a wireless network. In this case, a macro BS broadcasts messages indicating MSs' scanning intervals, with which MSs can perform scanning simultaneously.  

4. Network Entry Procedure 

When a femto BS is powered up, it should occupy a frequency band, where interference is minimum. It implies that it should measure signal qualities of neighboring BSs including femto cells. During the measurement procedure, it determines its macro BS which providing the strongest signal quality. After occupying a frequency band providing lowest interference, the femto BS reports the information about itself to the macro BS via wired backhaul. Occasionally, BS can request femto BSs to measure and report measurement results over neighboring femto and macro BSs. The information may include femto BS's location obtained from GPS or other equatable equipments.   

5. Proposed Text for the 802.16m SDD 

================== Start of Proposed Text ==================
10.3.3 Handover support for femto BSs 

10.3.3.x Handover from macro to femto 

A macro BS shall broadcast neighbor advertisement message including femto cell information, which is used for MSs to scan neighboring femto BSs as well as neighboring macro BSs. It is possible that the femto cell information is collected from handoff history and femto cells' reports. It can also be configured manually. A macro BS can append or remove the femto cell information depending on MSs' measurement results over neighboring macro BSs in order to provide optimal neighbor advertisement message.  

================== End of Proposed Text ==================
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