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Backward Compatible FDD 802.16m Frame Structure for
Full-Duplex and Half-Duplex MS Operations
Pei-Kai Liao, I-Kang Fu, Chih-Yuan Lin, Ciou-Ping Wu, and Paul Cheng
MediaTek Inc.

I. Introduction

This contribution is to propose an FDD (Frequency Division Duplex) 802.16m frame structure with legacy support for both full-duplex and half-duplex MS operations. According to IEEE P802.16m System Requirement Document (SRD) [1], 802.16m systems shall support high system performance as well as backward compatibility. Therefore, finding a good way to support backward compatibility without confining the potential of performance improvement at the same time is essential in the 802.16m system. 
In “Section 5.6 Duplex Schemes” of SRD, it says:

· IEEE 802.16m shall support both Time Division Duplex (TDD) and Frequency Division Duplex (FDD) operational modes. The FDD mode shall support both full-duplex and half-duplex MS operation. Specifically, a half-duplex FDD (H-FDD) MS is defined as an FDD MS that is not required to transmit and receive simultaneously.
This means that, in addition to TDD duplex scheme, 802.16m system is also required to support FDD, including full-duplex and half-duplex MS operation schemes. However, in current draft, only TDD frame structure is specified clearly and it was said that the same design can be applied to FDD one directly. We agree some design ideas of TDD frame structure can be directly extended to FDD one but not all of them. After all, TDD and FDD are quite different duplex modes and the essential concepts about the system are also diverse. We don’t think TDD frame structure design can be extended to FDD one without any modification or performance degradation. Otherwise, there won’t be so many discussions on FDD frame structure design in WiMAX forum, especially for WiMAX Release 1.x. For example, how MS knows where to transmit uplink data while still decoding MAP information in the downlink at the same time for full-duplex MS operation, and how to improve spectrum efficiency and data latency when MS uses half-duplex operation are all possible issue for discussion. Thus, we suggest to describe FDD frame structure clearly without any ambiguity in P802.16m SDD. We think it’s TGm’s responsibility to make the standard more complete and clear.
In section II, the FDD case of full-duplex MS operation is discussed and a backward compatible design is proposed. According to SRD, FDD frame structures for half-duplex MS operation is also required. To support half-duplex MS operation, a spectrum-efficient frame structure design is proposed in section III. Finally, proposed text for P802.16m SDD is shown in the last section.
II. FDD Frame Structure with Full-duplex MS Operation
For the case where both BS and MSs support full-duplex FDD, the major design problem is how to allocate the spectrum resources for 802.16m and legacy systems over an overlapped spectrum appropriately without performance degradation. In addition, we also need to consider that downlink and uplink can be conducted simultaneously. In this section, we use the case where the channel bandwidth of 802.16m system is larger than that of legacy systems as an example to illustrate our design ideas. For the case where the channel bandwidths of two systems are the same, frame structure design can be easily obtained from the ideas illustrated with this example. Note that the values of channel bandwidths shown in the following figures are just for illustration. Practical applications are not limited to them.
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Figure 1 – Proposed FDD frame structure with different channel bandwidths for full-duplex MS operation scheme when the spectrum of legacy systems is at the edge of 802.16m spectrum
Fig. 1 shows the proposed FDD frame structure over different channel bandwidths with sub-frame length of 2.5 ms when the spectrum of legacy systems is at the edge of 802.16m spectrum. The upper part of the figure shows the uplink band while the lower part shows the downlink band. The 5-ms frame is divided into two 2.5-ms timeslots, which is defined as one downlink/uplink cycle in P802.16m, and each timeslot has its own MAP information. Other timeslot lengths or more timeslots are also allowed but only one preamble per radio frame is used. Note that the frame structure of legacy system shown in Fig. 1 is just for illustration. Important features of this design are described as follows. 
1. Preamble and ranging channel: For downlink band, a preamble is inserted in the first OFDM symbol of each radio frame for synchronization and channel estimation. In order to support legacy systems, starting point of an 802.16m radio frame is shifted 2.5 ms (or other timeslot lengths) so as to allow the possibility of designing a new preamble for 802.16m system. Since downlink and uplink are in different bands, channel and timing information can not be shared and a preamble or ranging channel is needed for BS to obtain the information in uplink band. The preamble can be a new design or a legacy one. Different preamble designs only affect the performance of synchronization and channel estimation.
2. MAP information: Each 2.5-ms (or other timeslot lengths) timeslot has its own MAP information. For full-duplex FDD scheme, downlink and uplink can be conducted at the same time. This largely reduces the data latency when comparing to TDD scheme. However, one problem may occur. If 802.16m MAP information in downlink band is not decoded completely, MSs can not know which sub-channels they are allowed to transmit their data. Thus, the first several OFDM symbols may be wasted due to this problem in uplink band. There are two solutions for this problem. First one is to put a contention channel during this time period so that MSs can contend for radio resources according to predefined contention rules even without MAP information. However, this will induce some spectrum efficiency loss. Second one is to delay the valid time of MAP information for one 2.5-ms (or other timeslot lengths) timeslot so that MSs can transmit their data based on the MAP information decoded in previous timeslot. However, this will induce fixed data latency.
III. FDD Frame Structure with Half-duplex MS Operation (H-FDD)
For the case where only BS supports full-duplex FDD and MSs support half-duplex FDD (H-FDD), the design problem becomes more complicated. In this subsection, we also take the case where the channel bandwidth of 802.16m systems is larger than that of legacy systems as an example for explanation. In addition to compatibility issue of different channel bandwidths, efficiency of spectrum utilization also needs to be considered. In order to use the limited spectrum resource more efficiently, MSs attached to the 802.16m BS is divided into three groups – legacy users, 802.16m user group A, and 802.16m user group B. Fig. 2 illustrates the proposed FDD frame structure for different channel bandwidths when MSs are assumed all H-FDD and 802.16m BS is assumed full duplex FDD. For the case where the channel bandwidths of two systems are the same, frame structure design can be easily obtained from the ideas illustrated with this example. In this example, 2.5-ms timeslot length, which is defined as one downlink/uplink cycle in P802.16m, is assumed, but the proposed idea is not limited to this timeslot length only. Note that the frame structure of legacy system shown in Fig. 2 is just for illustration. Important features of this design are described as follows.
1. Spectrum efficiency: Since half-duplex FDD scheme may induce many idle spectrum holes and thus decreases the spectral efficiency if the spectrum resource allocation is not designed based on the aspect of cell throughput, staggered timeslots structure is utilized to enhance the cell throughput. Similar idea is introduced in [2] though it is used in TDD frame structure. In Fig. 2, a 5-ms radio frame is divided into 4 sub-timeslots. Detailed mode switches of MSs in each sub-slot are explained as follows.

1) In the first sub-timeslot, user group A of 802.16m MSs and legacy MSs receive downlink data from 802.16m BS while user group B of 802.16m MSs transmit uplink data to the BS.
2) In the second sub-timeslot, user group A enters uplink mode and user group B switches to downlink mode, beginning a new 2.5-ms timeslot cycle while legacy users remain in downlink mode.
3) In the third sub-timeslot, user group A switches back to downlink mode, beginning a new 2.5-ms timeslot cycle and user group B enters uplink mode while legacy users remain in downlink mode.
4) In the fourth sub-timeslot, user group A enters uplink mode and user group B switches to downlink mode, beginning next new 2.5-ms timeslot cycle while legacy users change mode to uplink.

Though the proposed frame structure may increase the complexity of radio resource allocation for 802.16m BS, the cell throughput is increased and spectral efficiency is improved as well. For legacy systems, the unknown data zones will be skipped without any system failure.
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Figure 2 – Proposed FDD frame structure with different channel bandwidths for half-duplex MS operation scheme when the spectrum of legacy systems is at the edge of 802.16m spectrum
2. Preamble and ranging channel: Similar to full-duplex scheme, a preamble or ranging channel is inserted in uplink band for synchronization and channel estimation. To minimize the overhead, one radio frame have one preamble only in downlink and one ranging channel only in uplink for each user group. For downlink band, the preamble is inserted at the beginning of each 5-ms radio frame only and is shared by two groups of users. In order to support legacy systems, starting point of an 802.16m radio frame is shifted 2.5 ms (or other timeslot lengths) so as to allow the possibility to design a new preamble for 802.16m system. For uplink band, the ranging channel can be put in the timeslot where there is no legacy support so that BS can estimate the channel condition of the whole frequency band.
3. MAP information: Each 2.5-ms (or other timeslot lengths) timeslot has its own MAP information. MAP information of current timeslot may determine uplink resource allocation of either current timeslot or next timeslot.
4. DL/UL Transition time: Transition time is still needed for half-duplex MSs to switch between downlink mode and uplink mode even though downlink and uplink are in different bands. Therefore, a transition period is inserted at each uplink-to-downlink switch and downlink-to-uplink switch. In order to increase the spectrum efficiency of downlink band, all transition time is absorbed in uplink band. Transition time shown in Fig. 2 is for illustration. To support legacy systems, it is suggested to have DL/UL transition time of multiple OFDM symbols. It is can be decided after further analysis.
IV. Proposed Text
---------------------------------------------------------Start of the Text-----------------------------------------------------------

[Editor’s Notes: add the following into the TGm System Description Document]
11.4.x Frame Structure Supporting Legacy Frames in FDD Mode
The IEEE 802.16m frame structure supporting legacy frames in FDD mode is described in this section. Both full-duplex and half-duplex MS operations are described with corresponding figures in the following sub-sections.
11.4.x.1 Full-duplex MS Operation
For full-duplex MS operation, the frame structure supporting legacy frames is illustrated in Figure 11.4.x-1. When the legacy support is enabled, the legacy frames and 802.16m frames are offset by a fixed number of OFDM symbols to allow the new designs of synchronization signals for 802.16m system. Unlike the TDD frame structure, downlink and uplink regions are separated in different frequency bands to allow simultaneous data communication between BS and MS. As shown in Figure 11.4.x-1, the 802.16m frame structure supports the legacy frames by having the legacy portion and the 802.16m portion sharing the 802.16m air link in a time-division manner in both downlink and uplink channels. 
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Figure 11.4.x-1 : FDD Frame Structure Supporting Legacy Frames for Full-duplex MS Operation

To make full-duplex MS operation feasible, 802.16m frame is divided into two or several permutation zones. Each permutation zone carries its own MAP information and the valid time of MAP information for uplink channel is delayed one permutation zone so that MSs can transmit their data based on the decoded MAP information received in downlink channel.
11.4.x.2 Half-duplex MS Operation
For half-duplex MS operation, the frame structure supporting legacy frames is illustrated in Figure 11.4.x-2. When the legacy support is enabled, the legacy frames and 802.16m frames are offset by a fixed number of OFDM symbols to allow the new designs of synchronization signals for 802.16m system. Unlike full-duplex MS operation scheme, half-duplex MS operation only allows MS to access BS in one direction, either downlink or uplink, at one time point only. As shown in Figure 11.4.x-2, the 802.16m frame structure supports the legacy frames by having the legacy portion and the 802.16m portion sharing the 802.16m air link in a time-division manner in both downlink and uplink channels.
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Figure 11.4.x-2 : FDD Frame Structure Supporting Legacy Frames for Half-duplex MS Operation

Due to the characteristics of half-duplex scheme, MS can not access BS in both downlink and uplink at the same time even with two separate frequency bands. To fully make use of frequency spectrum, 802.16m users are divided into two user groups to fill spectrum idle holes over frequency bands. 802.16m sync signal is shared by two user groups. The downlink/uplink timing of each user group is shifted by a fixed number of OFDM symbols from each other to form a staggered structure. For 802.16m users, each user group has at least one DL/UL cycle in one radio frame. The DL/UL cycle period can be further shortened to enhance low latency support after legacy users diminish.
-----------------------------------------------------------End of the Text---------------------------------------------------------
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