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TDD Frame Structures for Legacy Support in 16m
Dong Li, Liyu Cai, Hongwei Yang, Jimin Liu, Joerg Schaepperle, Krishna Balachandran
Alcatel-Lucent
1. Introduction

According to the IEEE 802.16m system requirement, IEEE 802.16m system shall provide continuing support and interoperability for legacy WirelessMAN-OFDMA reference systems, i.e., the OFDMA TDD air interface as profiled in WiMAX Forum System Profile Release 1.0. This requirement should be taken into account in the 16m frame structure design. Particularly, the following backward compatibility requirements are noticeable: 
R1) IEEE 802.16m system and the legacy WirelessMAN-OFDMA reference systems should be able to operate on the same RF carrier, with the same or different channel bandwidths

R2) An IEEE 802.16m BS shall support a mix of 16m and legacy MSs both operating on the same RF carrier

R3) An IEEE 802.16m BS shall support a handover of a legacy MS to and from a legacy BS and to and from a 16m BS

This contribution discusses several considerations and also proposes solutions for the 16m frame structure to allow backward compatibility in TDD mode. Several cases are discussed including a new frame structure supporting the same bandwidth as a legacy system and that with different bandwidths. In the latter case, two sub-cases are further considered, that is, with the same frame duration or with shorter frame duration than the legacy system. In the former case two legacy systems can be operated in parallel in order to be able to assign more than 50 % of the resources to the legacy system.
2. New frame structure with the same bandwidth as legacy system
In this case, new DL and UL zones can be defined within the legacy system frame structure for 16m DL/UL traffic transmission as shown in Figure 1(a). Alternatively, a staggered hybrid frame structure can be applied which is shown in Figure 1(b). 
For the frame structure in Figure 1(a), new transmission technologies can be exploited in the new zones to improve the system performance. The preamble symbol of a legacy system can be reused and the frame control information (e.g., FCH and DL/UL MAP) can be extended to support the new 16m data zone transmissions. In contrast, for the staggered frame structure shown in Figure 1(b), new 16m preamble sequence and frame control information can be defined from scratch, which enables the new 16m system to provide larger flexibility. The resource ratio between the legacy system and new 16m system can be adjusted according to the traffic loads of legacy and new systems. Note that since nothing is transmitted in the last part of the frames seen by 16m MSs, no mutual interference will result between 16m allocations and 16e allocations.
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(a) Option 1: introduce new zones in legacy frame
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(b) Option 2: staggered frames of 16m system and legacy system
Figure 1: New frame structure for 16m system with same bandwidth as legacy system
3. New frame structure with the wider bandwidth than legacy system
In general, it is expected that wider bandwidths than legacy systems will be used in 16m to support higher data rates. In the legacy WirelessMAN-OFDMA reference systems, a set of channel bandwidths are supported including 3.5MHz, 5MHz, 7MHz, 8.75MHz and 10MHz. Note that the subcarrier spacing of 5MHz and 10MHz legacy systems are the same (i.e., 10.9375kHz), which, however, is different from those of other channel bandwidth systems. So, in case of different bandwidths for 16m and legacy systems, it is preferred in our view that in 16m systems with 5, 10 and 20 MHz only the legacy systems with channel bandwidths of 5MHz and 10MHz are supported in the 16m system to make backward compatibility feasible with low complexity. In such a case, the 16m frame can be implemented using larger FFT sizes (e.g., 2048 FFT) in 16m BSs and MSs, while using smaller FFT sizes (e.g., 1024 FFT) in legacy MS.

The frame duration is fixed to 5ms in the legacy systems. However, shorter frame durations may be desirable to further reduce the system latency. In the following sub-sections, new wider bandwidth based frame structures with the same frame duration or shorter frame duration are addressed.
3.1 16m system with the same frame-duration as a legacy system
3.1.1 Support for a legacy system in 16m spectrum
In this case, the legacy frame is embedded within the new 16m frame in the means of FDM or combination of FDM and TDM. In frequency domain, the legacy system can be located on the edge of the spectrum (as shown in Figure 2(a)), or in the middle of the spectrum (as shown in Figure 2(b)) to facilitate the 16m system definition. Some guard tones may be reserved between the legacy spectrum and the 16m spectrum to facilitate some operations such as Tx/Rx filtering at MS.
It should be noted that considering the synchronous configuration among BSs, it is a preferable configuration in our view to design the new 16m preamble sequence based on the existing legacy preamble sequences. That is, the existing legacy preamble sequence and 16m preamble sequence co-exist in one OFDM symbol and are separated in frequency domain. The joint design of the 16m preamble sequence and legacy preamble sequence should ensure the low PAPR and good auto/cross-correlation properties of the resultant preamble. 
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(a) Option 1: legacy frame located on the edge of spectrum
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(b) Option 2: legacy frame located in the middle of spectrum
Figure 2: New frame structure for 16m system with wider bandwidth and equal frame duration in support of a legacy system
3.1.2 Support for multiple parallel legacy systems in 16m spectrum
Many legacy terminals will support a maximum bandwidth of 10 MHz. The most prevailing bandwidth for 16m in order to meet IMT-Advanced requirements is expected to be 20 MHz. Therefore it is important to support legacy WirelessMAN OFDMA terminals with 10 MHz bandwidth in a 16m based system with 20 MHz bandwidth. For operators who have two adjacent 10 MHz channels of spectrum available and want to switch to a 20 MHz channel operated with 16m, it is important to be able to assign more than 50 % of the resources of the 20 MHz channel to 16e terminals, since at the beginning there may be more 16e terminals than 16m terminals. This means that support of two 16e systems in parallel in a 20 MHz channel as shown in Figure 3 is required.
The start of the frames for both legacy 16e systems should be synchronized. Therefore their preambles have to be in the same symbol. For advanced 16m features a new 16m preamble may be required. It is placed at the beginning of the 16m DL subframe.
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Figure 3: New frame structure for 16m system with wider bandwidth and equal frame duration in support of two parallel legacy systems
3.2 16m system with shorter frame duration than legacy system
As one means of reducing the latency, a 5-ms frame duration can be further divided into several mini-frames, each in a TDD mode, including DL part and UL part. In each mini-frame, the mini-frame control information will be sent using the first few symbols of this mini-frame. In order to save resources and facilitate backward compatibility, only one preamble sequence preceding the multiple mini-frames is used for the purpose of frame synchronization and network entry. As per the discussions in section 3.1.1, it is preferred to design the 16m preamble on the basis of the existing legacy preamble sequence.
An example of the frame structure with one preamble symbol followed by two mini-frames is shown in Figure 4. From this figure, we can see that legacy support can be provided through specific resource scheduling of 16m MSs and legacy MSs while reducing the duration of mini-frames. 
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Figure 4: New frame structure for 16m system with wider bandwidth and shorter frame duration in comparison with legacy systems
4. Summary
Several TDD Frame structures with legacy support are proposed in this contribution for both cases of equal channel bandwidths and different channel bandwidths between legacy system and 16m system. It is suggested to discuss and include the proposed TDD frame structures with legacy support into SDD document. 
The brief descriptions of the proposed frame structures are shown as follows
A. In case of equal channel bandwidths between a legacy system and a 16m system, two solutions may be considered
· Solution A.1: With reuse of 16e preamble
· New DL/UL zones can be defined for 16m transmission
· Legacy preamble is re-used and the frame control information can be extended to support 16m transmission
· Solution A.2: With introduction of new 16m preamble 
· Staggered frame structure where the start of the 16m frame is staggered in time with respect to the legacy frame 
· New 16m preamble sequence and frame control information which provides greater flexibility for 16m system design.
B. In case of different channel bandwidths between legacy systems and 16m system. (In this case, legacy support is provided in 16m systems only for 5MHz and 10MHz legacy systems). 
· Case B.1: 16m system with the same frame duration as legacy system
· Solution B.1.1: Support for one legacy system in 16m spectrum

· Legacy frame can be embedded within the 16m frame through FDM or combined FDM & TDM
· The legacy frame can be located on the edge of the spectrum or in the middle of it to simplify the 16m system definition
· Specification shall be defined for both the partial-spectrum zones (e.g., 10MHz out of 20MHz) and full-spectrum zones in 16m specification(e.g., permutation mapping of subcarriers to logical subchannels)
· It is preferred that the 16m preamble and legacy preamble co-exist in the same OFDM symbol in order to ensure the frames of 16m BS and legacy BS are synchronous in views of both legacy MSs and 16m MSs. The joint design of the 16m preamble and legacy preamble should guarantee low PAPR and good auto/cross-correlation properties.
· Solution B.1.2: Support for multiple parallel legacy systems

· Staggered frame for 16m with the start of the frame preceded by allocations for multiple parallel and synchronous legacy systems 
· New 16m preamble sequence and frame control information which provide larger flexibility for 16m system design

· In contrast with the solution in B.1.1, specification shall be defined for only the full-spectrum zones, which reduces the system complexity

· Solution B.2: 16m frame with shorter frame duration than a legacy system
· Frame structure is composed of one preamble symbol and multiple mini-frames. The mini-frame duration is reduced in comparison with the legacy frame duration
· As solution B.1.1, it’s preferred that 16m preamble and legacy preamble co-exist in the same OFDM symbol in order to ensure the frames of 16m BS and legacy BS synchronous in views of both legacy MSs and 16m MSs. The joint design of 16m preamble and legacy preamble should guarantee low PAPR and good auto/cross-correlation properties.
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