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1 Introduction

In order to achieve the IEEE 802.16m and IMT-Advanced requirement on peak transmission rate and average throughput, wide transmission bandwidth will be inevitable. As a result, frame structure with wide bandwidth of 20MHz and wider is a crucial issue in 16m. At the same time, backward compatibility with legacy systems is required in the 16m SRD, while the maximum bandwidth of the legacy system is 10MHz, which poses much constraint on the 16m frame structure design. 
In this contribution, we proposed schemes for wide bandwidth 16m frame structure with legacy support. The schemes include embedded frame structure and multi-carrier frame structure. Which scheme shall be applied is dependent on the specific deployment conditions.
2 Proposed solutions
For the wide bandwidth frame structure with legacy support, we proposed two sub-solutions, that is, embedded frame structure and multi-carrier frame structure, corresponding to different conditions. The two sub-solutions are presented in the following subsections in detail.
2.1 Embedded frame structure
The embedded frame structure is designed to enable legacy support for one or multiple legacy frames within a continuous wider bandwidth of 16m with aligned subcarriers. Based on the parameter set in Table 11.3-1 in [2], the embedded frame structure is applicable to 20MHz-bandwidth 16m frame with legacy support for 5MHz and 10MHz bandwidths and also applicable to 10MHz-bandwidth 16m frame with legacy support for 5MHz bandwidth.
For the design of the embedded frame structure, the following three points shall be taken into account

1) The embedded frame structure shall be transparent to the legacy terminals. One noticeable point here is that the center carrier of the embedded legacy systems shall be located on the channel raster of the legacy systems, i.e., 250 KHz (200 KHz also supported in Europe for band 3) frequency steps from the lowest band frequency. 

2) The subcarriers of 16m frame and embedded legacy frames shall be aligned with each other so that: 1) the inter-carrier interference can be avoided between 16m signal and legacy signals; 2) the 16m terminals can access to both the 16m frame and legacy frames with unique set of receiver circuit components, such as FFT, receiving filter and down-convertor; 3) the 16m BS can generate the 16m signal and legacy signals with unique set of transmitter circuit components, such as IFFT, transmitting filter and up-convertor.

3) The center carrier frequency of the wide 16m channel shall be located on 16m channel raster.
With above points taken into account, given the continuous spectrum allocation of 20MHz, the possible center carrier positions for legacy frame with bandwidth of 10MHz and 5MHz are illustrated in Figure 1 and 2. Note that considering the requirement that the embedded legacy frames shall be located on the channel raster of 250 KHz, it is unfeasible to accommodate two 10MHz legacy frames or four 5MHz legacy frames within the continuous 20MHz bandwidth. 
For embedded legacy frame with bandwidth 10MHz, an appropriate configuration is that the new 20MHz frame and legacy 10MHz frame share the common DC subcarrier as shown in Figure 1. Accordingly, they have the same 250 KHz channel raster. For embedded legacy frame with bandwidth 5MHz, two options are feasible, one is with only one legacy frame supported and the other is with two legacy frames supported, as shown in Figure 2(a) and Figure 2(b), respectively. In the former option, similar to Figure 1, the new frame and the legacy frame can share the same DC subcarrier and also the 250KHz channel raster. In the latter option, note that in order to locate the center carriers of the legacy frames on the 250 KHz channel raster, the center carrier of the 20MHz shall be located on the odd-numbered 125KHz channel raster (here, it is assumed the new channel raster can be changed from 250KHz to 125KHz).
For the embedded frame structure, it is not excluded that some guard subcarriers can be reserved between legacy signal and 16m signal to facilitate the implementations. 
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Figure 1 Illustration of center carrier positions for 10MHz legacy systems 
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(a) One legacy frame supported
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(b) Two legacy frames supported
Figure 2 Illustration of center carrier positions for 5MHz legacy systems
Two examples are shown for the embedded frame structure in Figure 3 and 4. In Figure 3, one 5MHz legacy frame is embedded in the 16m frame. In Figure 4, one 10MHz legacy frame is embedded in the 16m frame. In the subframes with legacy signal, the 16m signal is split into two parts, that is, DL(1) and DL(2), UL(1) and UL(2). The physical layer subchannelization can be implemented on these two joint parts. Thus, the subchannelization for 15MHz bandwidth shall be defined for support of 5MHz legacy frame. And the usual 10MHz subchannelization procedure can be used to define the subchannelization for the DL(1)/DL(2) and UL(1)/UL(2) in support of 10MHz legacy frame. Note here TDM and FDM are both applicable to UL part between legacy signal and 16m signal within the spectrum occupied by the legacy frames. TDM shown in Figure 2 and FDM shown in Figure 3 are only for illustration.
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Figure 3 Illustration of embedded frame structure with one 5MHz legacy systems
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Figure 4 Illustration of embedded frame structure with one 10MHz legacy systems
2.2 Multi-carrier frame structure
The multi-carrier frame structure is designed to enable legacy support for one or multiple legacy frames within a discontinuous wider bandwidth of 16m or although within a continuous wider bandwidth of 16m but without aligned subcarriers.
Figure 5 illustrates one example of the multi-carrier frame structure. In this example, the two channels shown in this figure are discontinuous channels belonging to a single band or different bands, or although the two channels are located in a wider continuous spectrum, but haven’t aligned subcarriers. Here, one example is that one channel has bandwidth of 7MHz while the other has bandwidth of 10MHz. Another example is that in order to be located on the 250 KHz channel raster, the center carrier frequencies of two adjacent 10MHz channels results in the misalignment of the subcarriers. In case of continuous spectrum allocation, note that some guard subcarriers shall be reserved between the two channels to suppress the inter-carrier interference.
Note that in each of multiple channels, the legacy support may be enabled in the same way as in the basic frame structure. The legacy MSs will communicate with 16m BS on the particular carrier that they camp on while the 16m MSs supporting multi-carrier operation can communicate with 16m BS on one or more carriers simultaneously. The smooth migration can be implemented using the multi-carrier frame structure. For example, in the early phase of network deployment, legacy support can be enabled on every carrier due to the large number of the legacy terminals. With the increase of the number of 16m terminals, the legacy support can be disabled on part of the carriers. Until the end, the legacy support can be disabled on all the multiple carriers and 16m system operates in a legacy-support disabled mode. 

The control channel design (e.g., synchronization channel, the broadcast system control channel, etc) for the multi-carrier frame structure is FFS.
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Figure 5 Illustration of multi-carrier frame structure with two channels
3. Proposed SDD text

------------------------------------------- Start of Proposed SDD Text --------------------------------------------------------

11.4.3 Frame Structure Supporting Legacy Frames with a Wider Channel for 802.16m
For the frame structure supporting legacy frames with a wider channel, two schemes can be applied depending on the specific deployment conditions. 
11.4.3.1 Embedded frame structure

The embedded frame structure can be applied to enable legacy support for one or multiple legacy frames within a continuous wider bandwidth of 16m with aligned subcarriers. The legacy frames shall be embedded in a way such that not only the subcarriers of legacy frames and 16m frame are aligned, but also the center carrier frequencies of the legacy frames and 16m frame shall be located on their respective channel raster. 
Figure xxx illustrates two examples for the embedded frame structure. In this figure, the legacy frames are embedded in the middle of the 16m frame structure. Some guard subcarriers may be reserved between the legacy frame and 16m frame to facilitate implementations.
For UL transmissions both TDM and FDM approaches should be supported for multiplexing of legacy and 16m mobiles within the spectrum occupied by the legacy frames. The TDM in the top figure and FDM in the bottom figure are only for example.
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Figure xxx Illustration of embedded frame structure
11.4.3.2 Multi-carrier frame structure
The multi-carrier frame structure can be applied to enable legacy support for one or multiple legacy frames within a discontinuous wider bandwidth of 16m or although within a continuous wider bandwidth of 16m but without aligned subcarriers.
Figure yyy illustrates an example of multi-carrier frame structure. Note that in case of continuous bandwidth allocation, some guard band shall be reserved between the carriers to avoid inter-carrier interference. Additionally, in TDD mode, the DL to UL ratio shall be the same for the adjacent carriers to avoid inter-carrier interference.
For UL transmissions both TDM and FDM approaches should be supported for multiplexing of legacy and 16m mobiles. The TDM in this figure is only for example. 
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Figure yyy Illustration of multi-carrier frame structure
------------------------------------------- End of Proposed SDD Text --------------------------------------------------------
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