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1. Introduction

The IEEE 802.16n System Requirement Document (SRD) [1] mandates the requirements to support HR-MS direct communications (DCm) as well as HR-MS forwarding to network (FTN). In both operations, one of the key issues is to enable HR-MSs to achieve frame-level synchronization and OFDMA-symbol-level synchronization so that they can reliably transmit to and receive from each other. This contribution discusses approaches to achieve such levels of synchronization and proposes text to be adopted into 802.16n AWD.

2. Use Cases

2.1. HR-MS Direct Communications

As specified in Section 6.1.3.1 of 802.16n SRD [1]:

“HR-MS shall provide direct communication i.e. the origination and termination of the data are at the HR-MS. Association establishment procedure of an HR-MS to another HR-MS shall be supported.

HR-MS shall support communication of user data and control signaling between an HR-MS and one or more HR-MSs that are 1-hop away.

HR-MS shall support forwarding of user data and control signaling between an HR-MS and one or more HR-MSs.”

The above specifications cater for two main use cases, when both HR-MSs are under control of an HR-BS (or HR-RS) and when there is no infrastructural station in the network and HR-MS needs to relay data for each other. HR-MS/HR-MS synchronization must be established in both of these scenarios.

2.2. HR-MS Forwarding to Network

As specified in 802.16n SRD [1]:

“HR-MS forwarding is defined as the case where the origination and termination of data are at the HR-MS and network respectively and vice versa. 

HR-Network shall support HR-MS forwarding of user data and control signaling between HR-MS and HR-BS and between HR-MS and HR-RS.  The control signaling and data transmission for the HR-MS to HR-MS direct link shall at least be capable of operating within the frequency band that the HR-BS operates. An association establishment shall be supported.”

Based on the above specifications, there can be two main use cases for HR-MS forwarding to network (FTN), i.e., when the forwarded HR-MS is within or outside the coverage of the corresponding HR-BS (or HR-RS). HR-MS/HR-MS synchronization must be established in both of these scenarios.

3. Design Criteria

In designing mechanisms to support HR-MS to HR-MS synchronization, the important design criteria are as follows:

· Minimizing changes to the existing 802.16 specifications;

· Avoiding interference to other .16 operations;

· Incurring low overhead and complexity;

· Allowing flexible scheduling and configuration.

4. Supporting HR-MS/HR-MS Synchronization

4.1. Both HR-MSs are within the coverage of HR-BS

This situation can happen for both HR-MS direct communications (HR-MS DCm) and HR-MS forwarding to network (HR-MS FTN).

When both HR-MSs are within the coverage of HR-BS/HR-RS, communications to/from these nodes can always be scheduled following the normal tree-based configuration of 802.16-2009 or 802.16m. Therefore, the activation of HR-MS DCm and HR-MS FTN in this situation should be considered as opportunistic, e.g., for performance-improvement purposes such as throughput enhancement, interference mitigation, and improved latency/robustness.

The opportunistic nature of HR-MS DCm and HR-MS FTN implies that priority should be given to maintaining the reliability of normal links, i.e., those tree-based connections between other HR-MSs and HR-BS/HR-RS.

Furthermore, as both HR-MSs are under the coverage of HR-BS/HR-RS, it is desirable that the serving HR-BS/HR-RS can control/monitor these HR-MSs in the ways that are as close as possible to controlling/monitoring those HR-MSs that do not perform DCm/FTN. In fact, one or both HR-MSs that perform DCm/FTN can still have normal DL and UL communications with the serving HR-BS/HR-MS.

Based on the above discussion, for HR-MS DCm and FTN, it is more favorable to schedule the HR-MS/HR-MS direct link inside an UL area of each frame. This is because:

- Scheduling the HR-MS/HR-MS direct link in the UL area makes it easier to control interference caused to normal UL transmissions (toward HR-BS/HR-RS). Compared to the DL case, when there are multiple receivers (i.e., HR-MSs), in the UL, the number of receivers are limited to HR-BS/HR-RS (e.g., not to take into account other DCm/FTN links).

- Scheduling the HR-MS/HR-MS direct link in the UL area also makes it easier for the serving HR-BS/HR-RS to control the involving HR-MSs. In particular, DL control and signaling will not be affected, while UL signal transmitted by HR-MSs may still also be overheard by HR-BS/HR-RS.

a. Frame-level synchronization

Frame-level synchronization refers to the state in which an HR-MS acquires the correct knowledge of the current (and possibly future) frame configurations as defined by the serving HR-BS/HR-RS. For this situation, when both HR-MSs involving in DCm or FTN are within the coverage of HR-BS/HR-RS, frame-level synchronization means the HR-MSs acquire DL synchronization with the serving HR-BS/HR-RS, and are able to achieve system configuration and control messages.

When both HR-MSs are able to receive preambles from HR-BS/HR-RS, they use these to further achieve frame-level synchronization (with respect to HR-BS/HR-RS and between themselves).

b. Symbol-level synchronization

Symbol-lever synchronization refers to the timing-adjustment state in which the HR-MSs are able to transmit and receive data directly to/from each other.

When the HR-MS/HR-MS direct link is scheduled in a UL area of a frame, it is advantageous for the transmitting HR-MS to follow the same timing advance as has been adjusted and agreed with the serving HR-BS/HR-RS. This means the transmitting HR-MS shall time its direct transmissions as if these are normal UL transmissions toward the serving HR-BS/HR-RS. Doing this reduces interference incurred at the serving HR-BS/HR-RS. It also allows an HR-MS to carry out direct transmissions (DCm/FTN) and normal UL transmissions (toward the serving HR-BS/HR-RS) concurrently. 

It is then the task of the receiving HR-MS to adjust its receive timing to match the time of arrival (TOA) of the signal transmitted by the other HR-MS. This time adjustment can be achieved by the serving HR-BS/HR-RS scheduling the HR-MSs to transmit ranging sequences to each other. Based on a received ranging sequence, an HR-MS can estimate and correct its time offset with the transmitting HR-MS. To facilitate this process, the serving HR-BS/HR-RS can assign dedicated ranging sequences and ranging channels in UL area of a frame for HR-MS/HR-MS direct ranging.

Furthermore, to enhance bi-directional communication between HR-MSs, the serving HR-BS/HR-RS can allocate ranging resources to both involved HR-MSs in a single assignment. This allows the receiving HR-MS to transmit back a ranging sequence right after successfully processing the ranging sequence transmitted by the other HR-MS.

4.2. Only one HR-MS is within the coverage of HR-BS

This situation can happen for both HR-MS DCm and HR-MS FTN and is one of the possible outcomes of the coverage-extension process. In particular, before DCm or FTN can happen, the inside-of-coverage HR-MS needs to assist the outside-of-coverage HR-MS to carry out network entry and register with the HR-BS/HR-RS.

It can still be argued that coverage-extension by scheduling a forwarding HR-MS is a opportunistic action to improve network performance, and certain degree of priority should be given to those normal tree-based connections between other inside-of-coverage HR-MSs and HR-BS/HR-RS.

Furthermore, to help setup and maintain the HR-MS/HR-MS direct link, the operation of  inside-of-coverage HR-MS becomes significantly more complex. As such, it would be advantageous for the serving HR-BS/HR-RS to command a strong control/signaling access to the inside-of-coverage HR-MS.

The above two points imply that, for HR-MS DCm and FTN, it is more favorable to schedule the HR-MS/HR-MS direct link inside an UL area of each frame.

a. Frame-level synchronization

In this situation, the inside-of-coverage HR-MS first acquires DL synchronization with the serving HR-BS/HR-RS (based on preambles and control messages from the serving HR-BS/HR-RS). The inside-of-coverage HR-MS can subsequently broadcast preambles and network configuration information (NCI) for the outside-of-coverage HR-MS to co-synchronize.

Due to the dynamic nature of DL/UL partitioning within each frame, it is desirable that the inside-of-coverage HR-MS transmit preambles either at the first OFDMA symbol or the last OFDMA symbol of the frame. The NCI should be transmitted in an UL area. Furthermore, the location of the NCI, relative to the transmitted preambles, shall be determinable by the outside-of-coverage HR-MS.

b. Symbol-level synchronization

Based on the preambles and NCI transmitted by the inside-of-coverage HR-MS, the outside-of-coverage HR-MS can receive messages transmitted from the inside-of-coverage HR-MS. To further improve synchronization in this direction, the inside-of-coverage HR-MS can transmit ranging signal toward the outside-of-coverage HR-MS so that this node can estimate and correct its time/frequency offsets.

Symbol-level synchronization in the opposite direction, i.e., from the outside-of-coverage of HR-MS toward the inside-of-coverage HR-MS can be achieved by the outside-of-coverage HR-MS transmitting ranging signal toward the inside-of-coverage HR-MS. Upon processing the received ranging signal, the inside-of-coverage can either adjust its own receive timing or request the outside-of-coverage HR-MS to adjust the transmit timing.

4.3. Both HR-MSs are outside of the coverage of HR-BS

An example of this scenario is when HR-MS1 and HR-MS2 are having direct communications in an infrastructure-less deployment (or due to single point of failure). For this, an HR-MS (which can be HR-MS1, HR-MS2, or another node) should first be elected as the network coordinator. It is assumed that either one or both HR-MS1 and HR-MS2 then are within the coverage of the elected coordinator. The mechanism to elect such a coordinator is [TBD].

After being elected, the coordinator shall periodically broadcast preambles for frame-level synchronization. With this, the control is back to one of the two earlier scenarios.

5. Text Proposal for IEEE 802.16n AWD
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[-------------------------------------------------Start of Text Proposal---------------------------------------------------]

[Adopt the following text in the 802.16n AWD Document (C802.16x-xx/xxxx)]

17.2.x HR-MS to HR-MS Synchronization

Synchronization between pairs of HR-MSs shall be supported to enable HR-MS direct communications (DCm) and HR-MS forwarding to network (FTN). The following synchronization mechanisms are tailored for different coverage scenarios and are specifically designed for the case when HR-MS DCm and FTN are scheduled in UL area of a frame. Synchronization mechanisms for HR-MSs to transmit in the DL are [TBD].

17.2.x.1 Both HR-MSs are within the coverage of HR-BS (or HR-RS)

When both HR-MSs are able to receive preambles from HR-BS/HR-RS, they shall use these to achieve frame-level synchronization (with respect to HR-BS/HR-RS and between themselves). Frame-level synchronization refers to the state in which an HR-MS acquires the correct knowledge of the current (and possibly future) frame configurations as defined by the serving HR-BS/HR-RS. When both HR-MSs involved in DCm or FTN are within the coverage of HR-BS/HR-RS, frame-level synchronization means the HR-MSs acquire DL synchronization with the serving HR-BS/HR-RS and are able to achieve system configuration and control messages.
Symbol-lever synchronization refers to the timing-adjustment state in which the HR-MSs are able to transmit and receive data directly to/from each other. When the HR-MS/HR-MS direct link is scheduled in a UL area of a frame, the transmitting HR-MS shall follow the same timing advance as has been adjusted and agreed with the serving HR-BS/HR-RS. This means the transmitting HR-MS shall time its direct transmissions as if these are normal UL transmissions toward the serving HR-BS/HR-RS.

It is the responsibility of the receiving HR-MS to adjust its receive timing to match the time of arrival (TOA) of the signal transmitted by the other HR-MS. This time adjustment shall be achieved by the serving HR-BS/HR-RS scheduling the HR-MSs to transmit ranging sequences to each other. Based on a received ranging sequence, an HR-MS can estimate and correct its time offset with the transmitting HR-MS. To facilitate this process, the serving HR-BS/HR-RS shall assign dedicated ranging sequences and ranging channels in UL area of a frame for HR-MS/HR-MS direct ranging.

To enhance bi-directional communication between HR-MSs, the serving HR-BS/HR-RS can allocate ranging resources to both involved HR-MSs in a single assignment. This allows the receiving HR-MS to transmit back a ranging sequence right after successfully processing the ranging sequence transmitted by the other HR-MS.
17.2.x.2 Only one HR-MS is within the coverage of HR-BS (or HR-RS)

When two HR-MSs need to achieve pair-wise synchronization and only one of them is within the coverage of HR-BS/HR-RS, the inside-of-coverage HR-MS shall first acquires DL synchronization with the serving HR-BS/HR-RS (based on preambles and control messages from the serving HR-BS/HR-RS). The inside-of-coverage HR-MS shall subsequently broadcast preambles and network configuration information (NCI) for the outside-of-coverage HR-MS to co-synchronize. The inside-of-coverage HR-MS shall transmit preambles either at the first OFDMA symbol or the last OFDMA symbol of the frame. The NCI shall be transmitted in an UL area. The location of the NCI, relative to the transmitted preambles, shall be determinable by the outside-of-coverage HR-MS.

Using the preambles and NCI transmitted by the inside-of-coverage HR-MS, the outside-of-coverage HR-MS shall adjust its timing to receive messages transmitted from the inside-of-coverage HR-MS. To further improve synchronization in this direction, the inside-of-coverage HR-MS can transmit ranging signal toward the outside-of-coverage HR-MS so that this node can estimate and correct its time/frequency offsets. Symbol-level synchronization in the opposite direction, i.e., from the outside-of-coverage of HR-MS toward the inside-of-coverage HR-MS shall be achieved by the outside-of-coverage HR-MS transmitting ranging signal toward the inside-of-coverage HR-MS. Upon processing the received ranging signal, the inside-of-coverage HR-MS can either adjust its own receive timing or request the outside-of-coverage HR-MS to adjust the transmit timing.

17.2.x.3 Both HR-MSs are outside infrastructure mode

An example of this scenario is when HR-MS1 and HR-MS2 are having direct communications in a infrastructure-less deployment (or due to single point of failure). For this, an HR-MS (which can be HR-MS1, HR-MS2, or another node) should first be elected as the network coordinator. It is assumed that either one or both HR-MS1 and HR-MS2 then are within the coverage of the elected coordinator. The mechanism to elect such a coordinator is [TBD]. After being elected, the coordinator shall periodically broadcast preambles for frame-level synchronization. With this, the control is back to one of the two earlier scenarios.

17.3.x HR-MS to HR-MS Synchronization

Synchronization between pairs of HR-MSs shall be supported to enable HR-MS direct communications (DCm) and HR-MS forwarding to network (FTN). The following synchronization mechanisms are tailored for different coverage scenarios and are specifically designed for the case when HR-MS DCm and FTN are scheduled in UL area of a frame. Synchronization mechanisms for HR-MSs to transmit in the DL are [TBD].

17.3.x.1 Both HR-MSs are within the coverage of HR-BS (or HR-RS)

Similar to 17.2.x.1.
17.3.x.2 Only one HR-MS is within the coverage of HR-BS (or HR-RS)

Similar to 17.2.x.2.
17.3.x. 3 Both HR-MSs are outside infrastructure mode

Similar to 17.2.x.3.
 [-------------------------------------------------End of Text Proposal----------------------------------------------------]
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