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Staggered Super-Frame Structure for IEEE 802.16m
Shailender Timiri, Sassan Ahmadi, Yang-Seok Choi, Apostolos Papathanassiou
Intel Corp

Background

The current IEEE 802.16m super-frame description in C80216m-08_118r4 defines the start of the super-frame/new frame at a fixed ‘FRAME_OFFSET’; i.e., a “fixed number of sub-frames”, relative to the start of the legacy IEEE 802.16e frame. Implicit in the description is that the beginning of the super-frames is time-aligned across cells in the network.

Proposal

There are benefits to scanning, handover and potentially the Super-Frame Header (SFH) reliability performance by allowing the start of super-frames to be staggered across cells by one frame increments, while maintaining the fixed ‘FRAME_OFFSET’ between the super-frames and the legacy IEEE 802.16e frame. Figure 1 below illustrates the concept of Staggered Super-Frames in a TDD system, where staggering of super-frames is applied to a cluster of 4 neighbor cells, BS1-BS4. A cluster size of 1 would correspond to the non-staggered case. The concept of staggering the super-frames across neighboring cells is equally applicable to FDD systems, as well. Note that in Figure 1 the 16m preambles of cells are aligned in time and for the purposes of illustration, are assumed to be located at the start of the frame.
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Advantages
Staggering serves to reduce the scanning time, improve handover performance and potentially increase the reliability of the SFH transmissions.  Scanning times are reduced because of the increased scanning opportunities within the duration of a super-frame. Similarly, handover performance is improved because of the increased neighbor-cell measurement opportunities. Thus not only is the user experience enhanced but so is the system capacity. Finally, improvement in reliability of the SFH is dependent on the nature of transmissions in the coincident sub-frames of the neighbor cells in the cluster. Depending on the resource scheduling,  super-frame staggering could reduce or eliminate the inter-cell interference that could cause degradation of the detection probability and reliability of the SFH.  This is an ongoing development in the IEEE 802.16m control channel design work. In any case, reliability will not be worse than the case of the non-staggered super-frame structure.

The proposal is also flexible in retaining the option for non-staggered super-frame configuration. The non-staggered configuration may be preferable in some cases, for example, when frequency reuse is employed for the SFH.
Recommendation
It is proposed that support for the staggered super-frame concept be incorporated in the IEEE 802.16m systems. The feature would be mandatory in the terminals. However, on the network side, it cannot be mandated, as the staggered super-frame cluster size should be operator-configurable. Therefore, non-staggered deployments are still possible by setting the cluster size to one (four being the maximum). For example, a non-staggered deployment with frequency reuse of 3 in the broadcast sub-frames can be realized (in a broadcast frequency reuse of 3 scenario it may sometimes be preferable to use a non-staggered deployment). It is TBD whether the mobile autonomously determines whether the system is configured for staggered or non-staggered operation, or whether the system configuration broadcast should indicate the network configuration.

The modifications to the SDD text related to the frame structure are relatively minor but required. This is because although the FRAME_OFFSET text as written today does not preclude staggering, additional text is required to specify the constraints needed to realize the full benefits. The major pre-requisites for staggering, super-frame definition and BS-synchronization, have already been agreed upon. The modification satisfies the system design requirements such as backward compatibility, support for FDD, FFR and other features. It has no impact on already completed work or ongoing IEEE 802.16m work. Finally, product implementation feasibility and network planning complexity are within norms and not foreseen to create any issues.

Proposed Text for SDD (to be inserted following the description of the Super-Frame Header in Section 11.4.1.1)

----------------Start of the proposed text------------------------------

The start of the super-frames across neighboring cells may be staggered by one-frame increments, while maintaining the fixed ‘FRAME_OFFSET’ between the super-frames/new frames and the legacy IEEE 802.16e frame. The figure below illustrates the concept of Staggered Super-Frames in a TDD system, where staggering of super-frames is applied to a cluster of 4 neighbor cells, BS1-BS4. The concept of staggering the super-frames across neighboring cells is equally applied to FDD systems, as well.
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----------------End of the proposed text------------------------------
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