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Multimode Operation in WirelessMAN-OFDMA
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Introductions
IEEE 802.16n AWD [4] describes multimode operation backward compatible with WirelessMAN-AAI how to establish/configure/release relay link for HR-BS or HR-MS based on the 802.16n SRD [1]. This contribution provides clarification on the multimode operation in 802.16-2009[2] to be consistent with that described in 802.16m-2011[3]. 
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Proposed Text for the 802.16n Amendment Working Document (AWD)
Note:

The text in BLACK color: the existing text in the 802.16n Amendment Draft Standard
The text in RED color: the removal of existing 802.16n Amendment Draft Standard Text
The text in BLUE color: the new text added to the 802.16n Amendment Draft Standard Text
[-------------------------------------------------Start of Text Proposal---------------------------------------------------]

[Remedy1: add the following text into the end of 6.3.2.3 in the 802.16n AWD.]
[Insert the following new sections (renumbering may be required):]
6.3.2.3.x MM-ADV (multimode advertisement) message
Infrastructure stations and HR-MS acting as HR-BS or HR-RS may transmit MM-ADV message to support multimode operation in the case as follows:

· When the backhaul link is down or up

· During maintaining relay link due to unavailable backhaul link, PHY/MAC layer parameters need be reconfigured such as

· Power down

· Power reduction

· FA change

· Multimode service establish/release/change to inform subordinate stations to perform handover 

6.3.2.3.x1 MMRS-REQ (multimode relay request) message
To establish relay link between a multimode station and superordinate HR-BS, MMRS-REQ message is transmitted by the multimode station or the superordinate HR-BS.

6.3.2.3.x2 MMRS-RSP (multimode relay response) message
An MMRS-RSP message is transmitted by multimode station or superordinate HR-BS in response to MMRS-REQ message.
6.3.2.3.x3 MMRL-REQ (multimode release request) message

HR-MS transmits MMRL-REQ message for the purpose as follows:

· to release its relay mode and to return its original role

· to response or reject the unsolicited MMRL-RSP message by the HR-BS

6.3.2.3.x4 MMRL-RSP (multimode release response) message

An MMRL-RSP message is transmitted by multimode station or superordinate HR-BS in response to MMRL-REQ message.

[Remedy2: replace the text in 17.2.1.1 by the following text in the 802.16n AWD.]
17.2.1.1 Relay function for HR-BS

An HR-BS (affected HR-BS) may operate as a relay station to communicate with another HR-BS (serving HR-BS) that has connection to backhaul. 
An HR-BS acting as RS mode operates in either TTR mode or STR mode. 
The procedure for mode change consists of following activities:

a) establishing a relay link with a serving HR-BS

b) if necessary, informing some of its subordinate stations to perform handover

c) if necessary, reconfiguring the physical frame

d) commencing the new operation.

The affected HR-BS establishes relay link with a serving HR-BS as described in 17.2.1.1.1. The procedure applies to both STR and TTR relay modes.

When supporting STR relay mode, the affected HR-BS maintains base station functionality. 

17.2.1.1.1 Relay link establishment

The HR-BS having no connection to backhaul transmits MM-ADV message with action type = 0b100 described in 6.3.2.3.x including expected time of backhaul link available. Based on the expected time, HR-MS handovers to neighbor infrastructure station or staying in the HR-BS until restarting service with available backhaul link.

To establish relay link with a serving HR-BS, the HR-BS having no connection to backhaul follows network entry and initialization for relay link described in 6.3.9. In addition, the HR-BS shall perform the relay link establishment procedure as follows:

a) Scan for DL channel and establish synchronization with the HR-BS having connection to backhaul

b) Perform the first stage access station selection

c) Obtain DL/UL parameters (from UCD message)

d) Perform ranging

e) Negotiate basic capabilities, if needed

f) Authorization, authentication, and key exchange, if needed

g) Registration with the HR-BS, if needed
h) Obtain neighbor station measurement report, if needed

i) Perform the second stage access station selection, if needed

j) Path creation and tunnel establishment, if needed

k) Establish IP connectivity, if needed 

l) Establish time of day, if needed

m) Configuration operational parameters including initiating relay link using MMRS-REQ/RSP and RS-CONFIG-CMD messages

To establish relay link with another HR-BS (serving HR-BS), HR-BS having no connection to backhaul transmits MMRS-REQ message described in 6.3.2.3.x1 including relay mode, i.e., either TTR or STR mode. In response to MMRS-REQ, the serving HR-BS transmits MMRS-RSP message described in 6.3.2.3.x2 to inform whether the request is accepted or rejected. Upon receiving the MMRS-RSP message, the affected HR-BS starts establishing the relay link with serving HR-BS immediately or retransmits MMRS-REQ message at the action time expires. If the serving HR-BS rejects the request, the serving HR-BS informs the HR-BS having no connection to backhaul the rejection of the request. Upon receiving the MMRS-RSP message with rejection information, the HR-BS either tries to establish relay link with another HR-BS or follows standalone network operation described in 17.2.4.

To support handover as a part of robustness against SPOF as described in 17.2.7.2, an indication of whether MAC context information of the subordinate HR-MS is being shared by infrastructure stations shall be transmitted to HR-MS.
17.2.1.1.3 Relay link configuration

During establishing relay link, serving HR-BS transmits RS-Config-CMD message described in 6.3.2.3.63 to configure PHY layer parameter set including Frame Number Action indicating the time to establish relay link.

While HR-BS is maintaining relay link, the serving HR-BS shall send R-link channel descriptor (RCD) message described in 6.3.2.3.60 in the DL relay zone. The HR-BS also shall send RS-Config-CMD message in the DL relay zone when PHY layer parameter needs to be reconfigured.
HR-BS acting as relay may transmit MM-ADV message with action type described in 6.3.2.3.xx to update PHY/MAC layer parameter after receiving RCD or RS-Config-CMD message.

17.2.1.1.4 Relay link release
If the HR-BS recovers from failure of backhaul, it may inform network or notify the current serving HR-BS of the HR-BS having recovered backhaul link through the backhaul network interface. The superordinate serving HR-BS may then initiate HR-MS handover back to the HR-BS in which the recovered HR-BS should be listed in the first priority. The HR-BS having recovered backhaul may store MAC context information of the serving MSs (basic capabilities, security capabilities, etc.). Such context information allows HR-MS to perform optimized network reentry when returning back to the HR-BS upon its recovery.
HR-BS transmits MM-ADV message with action type = 0b101 described in 16.2.3.70 including expected time of backhaul link up. When receiving the MM-ADV message, HR-MS performs either handover to neighbor infrastructure station and returns to the HR-BS at the expected time or waiting in the HR-BS until restarting service with available backhaul link.

[Remedy3: adapt the following text change in 17.2.1.2 in the 802.16n AWD.]
17.2.1.2 Relay function for HR-MS

An HR-MS may operate as an HR-RS to provide connectivity for multiple out-of-coverage HR-MSs. During basic capability negotiation at network entry, an HR-MS that is capable of role change to HR-RS shall report such capability to the super-ordinate HR-BS/HR-RS.

While operating as HR-RS, the station may maintain certain HR-MS functionalities. A mode switch to HR-RS shall be commanded by its superordinate HR-BS.
If the HR-MS is released from its role as a relay, HR-MS may perform handover to the any infrastructure station.

17.2.1.2.1 Relay link establishment 

To support relay function for HR-MS, HR-MS capable of relay function may establish relay link with HR-BS.

An HR-MS acting as HR-RS is operated in either TTR mode or STR mode and its relay mode is determined by HR-BS.

To request subordinate HR-MS to change its role as HR-RS, HR-BS transmits MMRS-REQ message described in 6.3.2.3.x1 including relay mode (i.e., either TTR or STR mode).

In response to MMRS-REQ, the HR-MS transmits MMRS-RSP message described in 6.3.2.3.x2.

During establishing relay link, HR-BS transmits RS_Config-CMD message described in 6.3.2.3.63 to configure the operation parameters of HR-RS.

To support handover as a part of robustness against SPOF as described in 17.2.7.2, an indication of whether MAC context information of the subordinate HR-MS is being shared by infrastructure stations shall be transmitted to HR-MS.
17.2.1.2.2 Relay link configuration

While HR-MS is acting as relay mode, the superordinate HR-BS may send an RCD message to configure the Relay operation parameters as specified in 6.3.9.18. The HR-BS also shall send RS-Config-CMD message in the DL relay zone when PHY layer parameter needs to be reconfigured. 

While an HR-MS operating as HR-BS, any communication is performing with superordinate HR-BS in DL/UL relay zone to maintain HR-MS functionalities. 

HR-MS acting as relay mode may transmit MM-ADV message described in 6.3.2.3.x to update PHY/MAC layer parameter after receiving RCD or RS-Config-CMD message.
17.3.1.2.3 Relay link release

An HR-MS acting as RS may end its relay service and remove the relay link from the HR-BS. During the HR-MS’ relay mode release process, all subordinate HR-MSs of the HR-MS acting as RS shall be transferred to another infrastructure station prior to HR-MS’ relay mode release. The HR-MS acting as RS prevents HR-MS (re)entry and transmits MM-ADV message to transfer all subordinate HR-MSs to another infrastructure station. An HR-MS acting as RS may transmit an MMRL-REQ message described in 6.3.2.3.x3 in UL relay zone to an HR-BS so that it initiates the release procedure and requests handover of all its subordinate HR-MSs. Upon receiving the MMRL-REQ message, the HR-BS decides whether it allows the HR-MS’ relay mode release. If the request is accepted, the HR-BS may transmit the MMRL-RSP message described in 6.3.2.3.x4 in DL relay zone to inform the acceptance and start BS-initiated handover process for the requested HR-MSs. After handover procedures between the HR-BS and HR-MS acting as RS’ subordinate HR-MSs are completed, the HR-BS informs the HR-MS acting as RS that handover is completed by transmitting an MMRL-RSP message in DL relay zone. Upon receiving the MMRL-RSP message, the HR-MS acting as RS starts relay mode release process immediately or at action time expires. If the HR-BS rejects the request, the HR-BS informs the HR-MS acting as RS the rejection of the request by transmitting the MMRL-RSP message in DL relay zone. Upon receiving the MMRL-RSP message with rejection information, the HR-MS acting as RS continues operating in relay mode. After action time expires, the HR-MS acting as RS retransmits an MMRL-REQ message in UL relay zone to the HR-BS.

The mode release process may be initiated by an HR-BS through transmitting an unsolicited MMRL-RSP message in DL relay zone.

After mode release process, all the relay-related connections and resource are released between the HR-BS and the HR-MS.
[-------------------------------------------------End of Text Proposal----------------------------------------------------]
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