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Downlink SCH Structure for the Support of Multi-carrier in IEEE 802.16m System
Pei-Kai Liao, Yu-Hao Chang, Chih-Yuan Lin, Ciou-Ping Wu and Paul Cheng
MediaTek Inc.

I. Introduction
IEEE 802.16m improves the system throughput by the use of multi-carrier technique, i.e., different data are modulated onto non-overlapped frequency bands by different RF carriers.  Even though the idea of aggregating more than one frequency band for higher data rate is a straight forward extension from the single-carrier system, i.e., IEEE 802.16e, several design issues should be carefully reconsidered or redesigned under this multi-carrier framework.  As far as the synchronization scheme is concerned, a known preamble sequence is modulated onto one OFDM symbol and then transmitted at the beginning of each 5 ms frame in IEEE 802.16e system.  However, when multiple frequency bands are used for data communication, placing SCH in every 5 ms interval in each carrier could lead to high overhead and hence degrade the system capacity.  In this contribution, a synchronization scheme for the multi-carrier system, which demands less SCH overhead, is proposed and detailed as follows. 
II. Proposed Synchronization Scheme for Multi-Carrier Systems
Consider the multi-carrier system, where N RF carriers are used to modulate data onto N non-overlapped frequency band.  The corresponding resource units in both temporal and spectral domains are illustrated in Fig. 1, where the first RF carrier is treated as the fully configured carrier while the rest of N-1 carriers are viewed as partially configured carrier.  Please note that even though these N carriers are adjacent to each other in Fig. 1, our proposed synchronization scheme can even be applied to the system where carriers are disjointed as well.  Besides, the bandwidth of each RF carrier is not necessarily the same as each other.  The base station (BS) broadcasts its SCH in the primary channel in every frame.  This fully configured carrier not only provides a quick network entry for the mobile station (MS) but also renders the backward compatibility to legacy devices.   After MS synchronizes to the desired cell via the fully configured carrier, BS allocates a specific carrier, either fully configured or partially configured, to MS for its UL and DL communication later depending on the current channel loading.  Once the link between MS and BS is established, MS can stay connected and synchronized by simply tracking either CP or the pilot signals in each OFDM symbols only.  Therefore, the time duration of SCH transmission in partially configured carriers can be extended to 20 ms, which corresponds to the duration of one superframe, to reduce the SCH overhead.  Since more OFDM symbols in the partially configured carriers could be applied to data transmission channels, the system throughput improves.  In case the synchronization between MS and BS is lost, MS can always switch back to the fully configured carrier and get synchronized with the network again.    
For the example illustrated in Fig. 1, the proposed scheme demands only (N+3) OFDM symbols for SCH in each superframe.  On the other hand, the conventional multi-carrier system, which broadcast its SCH in all channels in every frame, requires 4N SCH OFDM symbols in the same time interval.  Therefore, our proposed scheme did necessitate less SCH overhead as compared to the conventional system and improve the data throughput by utilizing those (3N-3) saved OFDM symbols for data communication. For N = 4, it can reduce more than 50% overhead.
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Figure 1 – The proposed synchronization scheme for multi-carrier support
III. Text Proposal
---------------------------------------------------------Start of the Text-----------------------------------------------------------

[Editor’s Notes: add the following into the TGm System Description Document]
11.7.2.1.2 Synchronization channel architecture

11.7.2.1.2.X SCH scheme for multi-carrier and multi-bandwidth support
The SCH scheme, which supports N multi-carrier or multi-bandwidth architecture, is illustrated in Fig. 11.7.2.1.2.X.  As Fig. 11.7.2.1.2.X suggests, the SCH is transmitted in different carriers with different periodicity, i.e., every 5 ms in the fully configured carrier and every 20 ms in (N-1) partially configured carriers.  A shorter SCH period in the fully configured carrier allows a quick synchronization convergence and reduces possible synchronization delay.  For the partially configured carrier, the link synchronization can be maintained by tracking cyclic prefix and pilot signals in the transmitted OFDM symbols since MS is supposed to synchronize with BS before it switches to the partially configured carrier for data transmission.  Therefore, a longer SCH period can be applied to lower down the required overhead without degrading the performance.
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Figure X – The SCH scheme for multi-carrier and multi-bandwidth support (example)
-----------------------------------------------------------End of the Text---------------------------------------------------------
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