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Relay Support Considerations in IEEE 802.IEEE 802.16m Frame Structure Design
Sassan Ahmadi, Jerry Sydir, and Hujun Yin
1 Introduction and Background
A frame structure proposal for IEEE 802.16m has been submitted by the authors in [1] where a fully backward compatible super-frame/frame/sub-frame paradigm was proposed. In the proposed frame structure, a super-frame comprises an integer number of radio frames and each frame consists of an integer number of sub-frames where each sub-frame is further composed of an integer number of OFDMA symbols. This is shown in Figure 1.

[image: image1]
Figure 1: Illustration of the new frame structure concepts

The super-frame header may include system configuration information. Including in the system configuration information is RS or BS type, cell type, duplex mode, etc. In [1], it is shown that legacy and new BS/MS/RS DL or UL transmissions can be time-division-multiplexed over the duration of the radio frame. Furthermore, OFDMA multiple access scheme is recommended for DL and UL transmissions. The proposed frame structure is the same for TDD and FDD duplex modes, enabling common baseband processing for both duplex schemes. 

This contribution discusses considerations for support of relay operation in IEEE 802.16m frame structure design and is a companion to [1]. 
2 Support of Relay Operation

The authors believe that the IEEE 802.16m frame structure should provide support for efficient relay operation. The support of relay in the frame structure should not compromise the other aspects of system performance and operation. While a single mode of relay operation is preferred, if multiple modes of relay operation are going to be defined in IEEE 802.16m, it is crucial that they share a single frame structure. In the following sections special considerations for TDD and FDD duplex modes for efficient support of relay are discussed.
2.1 Relay Support Considerations in TDD Frame Structure

In order to support relay operations, the definition of IEEE 802.16m DL and UL time zones, already defined in [1], is expanded to support communications with RSs as well as communications with MSs. An example relay-enabled TDD frame structure is illustrated in Figure 2. The top half of the figure shows the frame structure from the perspective of the BS and the bottom half shows the frame structure from the perspective of the RSs. In order to support relay operations, an additional IEEE 802.16m DL relay zone and an additional IEEE 802.16m UL relay zone are introduced to the frame structure. Receive/transmit transmission gaps are required between the IEEE 16e DL zone and the IEEE DL relay zone and between the two consecutive IEEE 802.16m DL relay/access zones and between the IEEE 802.16m UL relay/access zones to allow the RSs to transition from receive to transmit operation and vice versa. These gaps are required only for the RSs and thus appear only in the RS frame structure. The BS may transmit to MSs or receive from MSs during these gaps. Note that alternatively, the order of the relay and access time zones can be flipped. This eliminates the need for one of the gaps, but does not allow data from the BS to the MS to be transmitted across two hops in one frame time.
The first DL zone is a legacy IEEE 802.16e DL zone. This zone is used to support communications with IEEE 802.16e MSs. Both the BSs and RSs transmit the legacy preamble, FCH, MAPs and data transmissions in this zone. 

The second DL zone is the IEEE 802.16m DL relay zone. In this zone, the BS may transmit an IEEE 802.16m preamble, FCH, and MAPs. The RSs and IEEE 802.16m MSs which are served directly by the BS in this zone may be synchronized with the new preamble. The MAPs transmitted in this zone describe allocations in the IEEE 802.16m DL relay zone and IEEE 802.16m UL relay zone. In this zone, the BS transmits data to the RSs. The BS may also choose to transmit data to IEEE 802.16m MSs in this zone. RSs and IEEE 802.16m MSs receive in the IEEE 802.16m DL relay zone.

The third DL zone is the IEEE 802.16m DL access zone. In this zone, the BS and RSs may transmit an IEEE 802.16m preamble, FCH, and MAPs. IEEE 802.16m MSs may synchronize with the preamble transmitted by the RS with which they are associated or by the BS, if they are associated directly with the BS. An IEEE 802.16m MS may receive from the BS in both the DL relay zone and the DL access zone, or may be assigned to receive in only one of these zones The MAPs transmitted in the IEEE 802.16m DL access zone may describe allocations in the IEEE 802.16m DL access zone and IEEE 802.16m UL access zone. BS and RSs transmits data to IEEE 802.16m MSs in the IEEE 802.16m DL access zone.

The IEEE 802.16m DL relay zone and IEEE 802.16m DL access zone have the same format as a normal IEEE 802.16m DL zone. This includes the subchannelization scheme, preamble, FCH, MAPs and broadcast channel formats. The zones are designated as access and relay zones to indicate the stations that receive and transmit.

The UL portion of the frame may also be composed of three zones. The first zone is the IEEE 802.16e UL zone. Legacy MSs transmit to the BS or RS with which they are associated in this zone. The second zone is the IEEE 802.16m UL access zone. IEEE 802.16m MSs transmit to the BS or RS with which they are associated in this zone. Finally, the third zone is the IEEE 802.16m UL relay zone. RSs transmit to the BS in this zone. The IEEE 802.16m UL relay zone and IEEE 802.16m UL access zone have the same format as a normal IEEE 802.16m UL zone.

[image: image2]
Figure 2: Relay Support in TDD Frame Structure 

2.2 Relay Support Considerations in FDD Frame Structure

The FDD frame structure is the same as the TDD frame structure except that the DL and UL transmission are in separate frequency bands shown as F1 and F2 in Figure 3. The dotted lines between the DL and UL transmissions indicate the DL zone in which MAPs may be transmitted for the associated UL zone. Note that the relay and access time zones must be located at least two sub-frames apart to account for the BS/RS/MS processing time.

[image: image3]
Figure 3: Relay Support in FDD Frame Structure
3 Proposed Text for SDD

Insert the following text into Physical Layer sub-clause (i.e. Chapter 11 in [2]):
-------------------------------  Text Start  ---------------------------------------------------

11.1  Frame structure

11.1.1  Generic frame structure
11.1.2 Super-frame Header

The super-frame header partially occupies the first downlink sub-frame of every super-frame. The super-frame header includes the system configuration information and may further include synchronization channel and/or other broadcast information.
A one-bit field shall be included in the system configuration information indicating whether the SFH is being transmitted by a relay station or base station. 
11.1.3 Legacy and New Frames
11.1.4 Time Zones in TDD and FDD Operation Mode

11.1.4.1 Support of Relay Operation in Frame Structure

In order to support relay operations, the definition of IEEE 802.16m DL and UL time zones is expanded to support communications with RSs as well as communications with MSs. An example relay-enabled TDD frame structure is illustrated in Figure x-1. The top half of the figure shows the frame structure from the perspective of the BS and the bottom half shows the frame structure from the perspective of the RSs. In order to support relay operations, an additional IEEE 802.16m DL relay zone and an additional IEEE 802.16m UL relay zone are introduced to the frame structure. Receive/transmit transmission gaps are required IEEE 16e DL zone and the IEEE DL relay zone and between the between the two consecutive IEEE 802.16m DL relay/access zones and between the IEEE 802.16m UL relay/access zones to allow the RSs to transition from receive to transmit operation and vice versa. These gaps are required only for the RSs and thus appear only in the RS frame structure. The BS may transmit to MSs or receive from MSs during these gaps.


[image: image4]

Figure x-1: Relay Support in TDD Frame Structure
The FDD frame structure is the same as the TDD frame structure except that the DL and UL transmission are in separate frequency bands shown as F1 and F2 in Figure 3. The dotted lines between the DL and UL transmissions indicate the DL zone in which MAPs may be transmitted for the associated UL zone. Note that the relay and access time zones must be located at least two sub-frames apart to account for the BS/RS/MS processing time.
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Figure x-2: Relay Support in FDD Frame Structure

-------------------------------  Text End  ---------------------------------------------------
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