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802.16m Frame Aligned MAC Layer Handover Procedure
Inuk Jung, Ronny (Yong-Ho) Kim, Kiseon Ryu and Youngsoo Yuk
LG Electronics
1. Introduction
In the previous 802.16 sessions, a new frame structure [1] for the 16m system has been proposed. The Superframe concept has been adopted, which consists of four 5ms frames totaling to a 20ms duration. Each frame consists of 8 subframes, including downlink and uplink. The SRD of 802.16m system asks for high performance expectation in terms of latency, and since the change of frame structure has potential latency-related impacts in several domains of PHY and MAC layers, careful frame-related management need to be addressed (e.g., preamble, handover etc). In this document, we briefly provide an overview of possible problematic scenarios for handover procedures using the Superframe, followed by our proposed solution for it, in means of stage 2 aspects.
2. Problem Definition
In the last meeting, the SFH was agreed to convey BCH, which consists of the PBCH and SBCH. In the reference system (802.16e), the System Information (SI) is provided through DCD/UCD which are broadcast with a maximum interval of 10 seconds. With the new frame structure in 802.16m, the SFH containing the SI is sent with a 20ms period. This has two implications: fast network entry, and adaptive SI utilization. However, due to the possible frequent change of SI, MS’s may try to handover to a target BS with mismatching PBCH/SBCH parameters, which result in handover latency increase or even handover failure scenarios. Recovery or cancellation from handover failing scenarios will incur larger latency, eventually not able to meet the requirements of the 16m SRD. An example scenario is shown in Fig 1.
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Figure 1. A problematic handover scenario due to mismatching SI information
As mentioned above, if there is a mismatch among the SI attributes between the MS and TBS during handover, the MS may not be able to access the TBS right away. Assuming a mismatch in handover ranging related attributes, the MS is able to synchronize to the DL, however, is not able to access the BS for further ranging. Hence, MS needs to wait until the next SFH timing of the TBS to acquire the correct SI. Referring to the figure above, if the MS makes a BS switch at the start of the second frame, a 15ms, 3 frames (n+1, n+2 and n+3), latency is incurred for correctly acquiring the SI. Hence, the total handover interruption time, including the handover ranging procedure, will increase further. 

This problem is not new and has been addressed during the 802.16e standardization activity [2]. Currently in the 16e system, the ‘Ranging Params valid indication’ attribute is included in the MOB_HO-IND message to indicate a mismatch of SI prior to HO execution, however, no guidance is provided on how to synchronize them.
3. Description of Proposed Handover Initiation Procedure
To prevent latency, caused by updating mismatching SI attributes at handover execution, we propose a ‘BS switching time’, which is an indicator based on the synchronization status of the SI between the MS and the TBS. If the MS has the correct SI of the TBS at handover execution, the switch indicator will be used like the ‘Action Time’ as in the 802.16e system. With a mismatch detection, the MS may be given an option to update its mismatching SI attributes via the serving BS or to handover at the time the TBS broadcasts the SFH through the ‘BS switching time’ indicator.
The most preferred status of a MS is where it has synchronized SI attributes with the TBS prior to handover execution to prevent any extra SI update latency. In case a mismatch is detected during the handover initiation, it is preferred to synchronize the SI attributes prior to handover execution. Nonetheless, not every MS may be able to be provisioned with such pre-synchronized SI update schemes, due to capability lacking. Hence, we propose two solutions for both cases: MSs not able to pre-synchronize and MSs able to pre-synchronize SI attributes prior to handover execution. For both solutions, a maximum of 15ms handover interruption time can be reduced, which is the worst case, where an MS has mismatching SI and wishes to handover at the 1st frame of a superframe.
Solution 1: 

For a MS without the capability to be provided with SI pre-synchronization needs to directly receive any mismatching SI attributes from the TBS. Since the serving BS is aware of neighbor BSs frame time alignment, the MS can be scheduled to make a BS switch just before the arrival of the TBS’s next SFH, which would be the frame before the next Super frame at the TBS. This is shown in Fig. 2, where MS switches to the TBS at the start of the next superframe, to synchronize to the DL and then receive the correct SI attributes at the incoming SFH in the next frame. 
Hence, for MSs with mismatching SI attributes, the ‘BS switching time’ indicator will be fixed to the frame before the frame with the SFH of the TBS, here it would be the nth frame at the next superframe. 
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Figure 2. xxx

Solution 2: 

For a MS that has correct SI attributes, through performing SI update during the HO preparation phase, the ‘BS switching time’ indicator will act like the ‘Action time’ in the 802.16e system. Fig. 3 shows a handover example scenario where the MS has performed SI synchronization during the handover preparation phase. Having the correct SI attributes and executing handover at the second frame (n+1) and may access the TBS right after correctly receiving the SCH. In this example, the ‘BS switching time’ indicator will be placed at the start of the second frame.
[image: image3.emf]n

SFH

Superframe N

(5ms*4 frames)

n+1n+2n+3 n

SFH

. . .

Superframe N+1

n

SFH

n+1n+2n+3 n

SFH

. . .

Serving 

BS

Target 

BS

aligned

BS switching time (MS has 

synchronized SI context with TBS)

Continue with HO Ranging & 

authentication with TBS

MS synchronizes to 

DL of TBS. With valid SI, MS is able to 

receive/transmit ranging signals

1

2

MS connected to BS

MS disconnected to BS


Figure 3. xxx

The synchronization procedure of the mismatching SI attributes is shown in Fig. 4. The SI synchronization is done during the preparation phase, through the exchange of handover request/response messages. The SI has a version number of its own and a bitmap for indication of changed attributes (represented as dirty bits) from the last SI version set. During scanning or other SI receiving procedures, the MS will have received at least one version of the TBS’s SI. Hence, by exchanging the version number and bitmaps, the serving BS is able to coordinate the MS’s and TBS’s SI status. Only the mismatching attributes, related to handover ranging, are sent back to the MS by the TBS via the serving BS. The ‘BS switching time’ will consider the time needed for such synchronization and allow an appropriate time when MS is ready to make a BS switch with the correct SI set.
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Figure 4. xxx
Table 1 shows the related parameters used during the frame aligned handover procedure. 

· The ‘SI bitmap’ represents the changed SI attributes from the last SI version set.

· ‘BS switching time’ indicates the time when the MS should perform handover execution and start accessing the TBS. This is given by the serving BS, with consideration of the SI status of MS and TBS and the necessity for any SI updates.
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Table 1. xxx parameters
4. Conclusion

With the introduction of a new frame structure for 16m system, the handover latency may be increased, due to mismatching PBCH/SBCH information between MS and the Target BS during handover execution. Throughout this document, we provided a BS switching time based handover procedure, considering SI updates, to prevent any extra latency increase required for scenarios due to the above circumstances, such as long periods for synchronizing PBCH/SBCH or even handover failure recovery.
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Text Proposal for the IEEE802.16m SDD

============================== Start of Proposed Text ================================

10. Medium Access Control Sub-Layer 
10.x MAC Layer Handover Procedures
10.x.y Handover Initiation
With the initiation of a handover, the validity of the PBCH and SBCH for reuse is examined. Should there be a mismatch among the attributes of such system information between the MS and the target BS, the serving BS provides a coordinated ‘BS switching time’. If the mismatching system information cannot be provided by serving BS prior to the preferred HO execution time, they are received directly from the target BS. The ‘BS switching time’ in such case will be the 1st frame of the next incoming super frame at the target BS. Otherwise, if the MS is able to acquire the mismatching system information, the MS will perform handover execution at its preferred time. 
10.x.y.1 System Information Context synchronization of MS and Target BS
The detection for any mismatched system information is done through the handover request/response message exchanges. Based on the transition epoch of the SI, each SI has its own version number, ‘SI change count’, which increments by one with every change. When receiving the system information of neighbor BSs, a bitmap for each SI version set, with mappings to each SI attribute, is included. The serving BS detects any mismatch through the bitmap vi the HO request message and transmits them to the MS through the HO response message.
============================== End of Proposed Text =================================































































































  


