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TTR Mode for HR-BS Acting as HR-RS
Anh Tuan Hoang, Haiguang Wang, Jaya Shankar, Wai Leong Yeow,

Shoukang Zheng, Choong Hock Mar
Institute for Infocomm Research (I2R)

Introduction

In the current AWD, Section 17.3.1.1.2, when an HR-BS (affected HR-BS) suffers from backhaul failure and performs TTR relay operation to connect with another HR-BS (superordinate HR-BS), it can continue to support its subordinate relay stations. However, in 802.16m, there is no interface between two ARSs, therefore, a station operate purely as an ARS will not be able to communicate directly with another ARS.

Given the lack of a radio interface between ARSs, this contribution describes how the affected HR-BS can continue to support its subordinate HR-RSs by dynamically performing the roles of a base station and a relay station in a time-multiplexing manner. When this affected/dual-role HR-BS communicates with the superordinate HR-BS, it acts essentially as an RS. On the other hand, when the affected/dual-role HR-BS communicates with its subordinate HR-RSs, it acts essentially as a BS. Our discussion applies to 802.16m baseline with TDD frame structure.
To simplify operation and reduce signaling costs, the mode switching pattern of the affected/dual-role HR-BS shall be periodic, i.e., the affected/dual-role HR-BS shall assume BS Operation mode for Tbs consecutive frames, followed by RS Operation for Trs consecutive frames. Tbs can be set to 0. The values of Tbs , Trs shall be negotiated between the affected/dual-role HR-BS and its new superordinate HR-BS. The periodic mode-switching operation of the affected/dual-role HR-BS is illustrated in Figure 1.
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Figure 1: Affected/dual-role HR-BS performs BS/RS role-switching in a frame-by-frame basis.
The mode switching operation of the affected/dual-role HR-BS can be made known to its subordinate HR-MS/HR-RS through control messages. However, legacy AMS/ARS shall be oblivious to this dual-role operation. Corresponding ARSs should handover to another HR-BS or be deactivated. On the other hand, it is important to maintain operation of subordinate AMSs. With that, we need to take note of the following key differences in the operation of a BS and TTR RS (in TDD mode), as seen by a subordinate AMS:
· Both BS and RS frames consist of DL Access, DL Relay, UL Access, UL Relay zones; however, an MS associated with a BS can receive data in all DL zones and transmit data in all UL zones, while an MS associated with an RS can only receive in DL Access zone and transmit in UL Access zone. This difference, however, can be eliminated if the BS set the field AAI_Relay_zone_AMS_allocation_indicator in AAI-SCD and AAI-ARS-CONFIG-CMD messages to 0.
· BS may transmit MIMO midamble in DL Relay zone, while RS shall not. This is matter to an AMS receiving data in the DL Relay zone. As stated above, the difference can be eliminated if the BS set the field AAI_Relay_zone_AMS_allocation_indicator in AAI-SCD and AAI-ARS-CONFIG-CMD messages to 0.
· The insertion of R-TTI switching gap in the last symbol of the DL Access zone for the RS frame. This switching time is not present in the DL Access zone of BS. According to 802.16m, the value of R-TTI is determined by equation: R-TTI = 0 if RTD/2 > RSTTG and R-TTI = Ts if RTD/2 < RSTTG. When R-TTI = Ts, an MS associating with an RS need to be aware of this insertion in order to configure the last subframe of the DL Access zone accordingly.
Based on the above considerations, we propose that the affected/dual-role HR-BS, when losing backhaul and need to perform TTR relay operation to connect to another HR-BS, shall operate in the following way:
· In case R-TTI = 0, the affected/dual-role HR-BS shall keep its original PHY-layer configuration in the DL/UL Access zones. It shall also keep the original SA-Preamble, so that a legacy AMS shall always see the affected HR-BS as a normal ABS. This is applied to both BS Operation mode and RS Operation mode of the affected/dual-role HR-BS. Moreover, the affected HR-BS shall set the value of AAI_Relay_zone_AMS_allocation_indicator in AAI-SCD to 0.
· In case R-TTI = Ts, the affected/dual-role HR-BS shall pick an SA-Preamble from the set of preamble sequences reserved for TTR ARS so that a legacy AMS shall now see it as a normal ARS. This is applied to both BS Operation mode and RS Operation mode of the affected/dual-role HR-BS. Moreover, when assuming the BS Operation mode, the affected/dual-role HR-BS shall not transmit in the last symbol of the DL Access zone (due to the insertion of R-TTI).
· When assuming BS Operation mode, the affected/dual-role HR-BS communicates with its subordinate AMS/HR-MS and HR-RS.

· When assuming the RS Operation mode, the affected/dual-role HR-BS communicates with its subordinate AMS/HR-MS and its superordinate HR-BS.
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Modify section 17.3.1.1.2 as indicated

17.3.1.1.2 TTR mode for HR-BS acting as HR-RS

To supportWhen supporting TTR mode, the affected HR-BS can maintain connectivity with its subordinate HR-RS by performing a dual-role BS/RS Operation, as described in 17.3.1.1.2.y. How to maintain is FFS.

The procedures for RS mode change consists of following activities:

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

b) if necessary, inform some commanding some of its subordinate stations to perform handover
c) if necessary, reconfigureing the physical frame

d)  and commenceing operation in relay the new mode
17.3.1.1.2.x Establishment of TTR relay link between two HR-BSs
The relay link between the affected HR-BS and its new superordinate HR-BS shall be established following the same steps used for an ARS to associate with its serving ABS, as defined in 16.6.2.10. Besides, the following extra signaling exchanges shall be carried out.
The affected HR-BS reports its required switching gaps BSTTG and BSRTG to the new superordinate HR-BS. Here, BSTTG is the minimum transmit-to-receive turnaround gap while BSRTG is the minimum receive-to-transmit turnaround gap required at the affected HR-BS. Based on the values of BSTTG and BSRTG, the two HR-BSs agree on the timing advance Ta of the frame boundary of the affected HR-BS, relative to that of the superordinate HR-BS. The affected HR-BS can propose a value for Ta in the AAI-SBC-REQ message, and the superordinate HR-BS can reply with a confirm Ta value in the AAI-SBC-RSP message.

With the values of BSTTG, BSRTG, and Ta, the two HR-BSs calculate shared values for the switching time R-TTI and R-RTI, based on the following equations:

R-TTI = 0 if RTD/2 + Ta > BSTTG and R-TTI = Ts if RTD/2 +Ta < BSTTG
and


R-RTI = 0 if Ta – RTD/2 > BSRTG and R-RTI = Ts if Ta – RTD/2 < BSRTG,
where RTD is the round trip delay between the affected HR-BS and the superordinate HR-BS and Ts is the OFDMA symbol duration.
Also included in the AAI-SBC-REQ message sent by affected HR-BS is the proposed dual-mode switching pattern (Tbs, Trs), as described in 17.3.1.1.2.y. This pattern shall be confirmed in the corresponding AAI-SBC-RSP message sent by the superordinate HR-BS.

As an alternative to what described above, certain parts of the signaling between the two HR-BSs can be carried out through backhaul, i.e., prior to (and in preparation for) the backhaul failure at affected HR-BS.
17.3.1.1.2.y Dual-role operation of affected HR-BS

An affected HR-BS shall be able to switch between BS Operation and RS Operation in a frame-by-frame basis. The role switching pattern shall be periodic, with the dual-role HR-BS assuming BS Operation for Tbs consecutive frames, followed by RS Operation for Trs consecutive frames. Tbs can be set to 0. The values of Tbs , Trs shall be negotiated between the affected/dual-role HR-BS and its new superordinate HR-BS. This negotiation can happen when the affected/dual-role HR-BS starts associating with the superordinate HR-BS, e.g., through AAI-SBC-REQ/RSP and AAI-ARS-CONFIG-CMD messages. The configuration can be altered during operation, e.g., through AAI-BSBS-REQ/RSP, AAI-ARS-CONFIG-CMD, and AAI-ARS-ESI messages. The dual-role operation of affected HR-BS is illustrated in Figure xx1. 

[image: image2.emf]BS 

Operation

BS 

Operation

RS 

Operation

RS 

Operation

BS 

Operation

BS 

Operation

T

bs

frames

T

rs

frames

T

bs

frames


Figure xx1: Affected/dual-role HR-BS performs BS/RS role-switching in a frame-by-frame basis.

The operation of affected HR-BS in each mode, i.e., BS Operation and RS Operation, depends on the value of switching interval R-TTI and is specified in 17.3.1.1.2.y.1 and 17.3.1.1.2.y.2.

17.3.1.1.2.y.1 When R-TTI = 0

When R-TTI = 0, the affected HR-BS shall keep its original PHY-layer configuration, including IDCell, frame configuration, and FFR pattern. The operation of the affected/dual-role HR-BS can be described as follows.

In BS Operation Mode:
· The affected/dual-role HR-BS shall only communicate with its subordinate MS/AMS/HR-MS/HR-RS stations and shall not be available to receive from or transmit to its superordinate HR-BS.
· The manner in which the affected/dual-role HR-BS control and communicate with its subordinate HR-MSs/HR-RSs shall be the same as that of a normal HR-BS. The superordinate HR-BS is not expected to know the specific configuration of the dual-role HR-BS during BS Operation. When the affected/dual-role HR-BS transmits to or receives from its subordinate MS/AMS/HR-MS/HR-RS during BS Operation, it does so independently to the superordinate HR-BS.
· The affected/dual-role HR-BS transmits control messages regarding its role-switching behaviors toward its subordinate HR-RSs. Essentially, these role-switching messages tell the sub-ordinate HR-RSs when the HR-BS will switch to RS Operation and what are the specific behaviors of the HR-BS during RS Operation.
In RS Operation Mode:
· The affected/dual-role HR-BS shall communicate with the superordinate HR-BS and with the subordinate MS/AMS/HR-MS. It may or may not communicate with its sub-ordinate HR-RS during this mode of operation. The frame structure of the affected HR-BS is divided into DL Access zone, DL Relay zone, UL Access zone, and UL Relay zone. Note that as R-TTI = 0, no time gap need to be inserted into the last OFDM symbol of the last subframe in the DL Access zone.
· As the affected HR-BS still transmits the same SA-Preamble, the subordinate MS/AMS/HR-MS are oblivious to the mode change of the affected HR-BS. The affected HR-BS continue to transmit to its subordinate MS/AMS/HR-MS in the DL Access zone, and receive from its subordinate MS/AMS/HR-MS in the UL Access zone. The affected HR-BS shall set the AAI_Relay_zone_AMS_allocation_indicator field in AAI-SCD and AAI-ARS-CONFIG-CMD messages to 0b0.
· The affected/dual-role HR-BS receives from and transmits to its superordinate HR-BS during the DL Relay zone and UL Relay zone, respectively. The PHY-layer configuration for DL/UL Relay zones shall be sent by the superordinate HR-BS toward the affected HR-BS in the AAI-ARS-CONFIG-CMD message.
· The affected/dual-role HR-BS can communicate with its subordinate HR-RSs during the DL Relay Zone in either of the following ways:

a) The dual-role HR-BS transmits DL data to its sub-ordinate ARSs/HR-RSs during the first subframe of the DL Relay zone. Prior to doing so, the dual-role HR-BS shall negotiate with its super-ordinate HR-BS so that no DL data is transmitted from the super-ordinate HR-BS toward the dual-role HR-BS during the first subframe of the DL Relay zone. When the dual-role HR-BS transmits DL data to its subordinate ARSs/HR-RSs, it employs the same PHY-layer configuration as used in the DL Relay zone of BS Operation mode.
b) The affected/dual-role HR-BS instructs its sub-ordinate HR-RSs to transmit UL data during the DL Relay zone (i.e., when the affected/dual-role HR-BS also receives from the superordinate HR-BS). While doing so, the affected/dual-role HR-BS shall instruct the transmitting HR-RSs to use the same PHY-layer configuration as used in the DL Relay zone of the superordinate HR-BS.
· The affected/dual-role HR-BS can instruct its subordinate HR-RSs to receive DL messages during the UL Relay zone. While doing so, the HR-BS shall instruct the transmitting HR-RSs to use the same PHY-layer configuration as used in the UL Relay zone of the superordinate HR-BS. Furthermore, if an R-RTI = Ts is inserted in the first OFDMA symbol of the first subframe of the UL Relay zone, the dual-role HR-BS shall let its sub-ordinate HR-RSs to be aware of this insertion.
17.3.1.1.2.y.2 When R-TTI = Ts
When R-TTI = Ts, the affected HR-BS shall change its IDCell, i.e., it shall pick one of the SA-Preamble sequences (and possibly new preamble carrier index) that are allocated for TTR ARS. The operation of the affected/dual-role HR-BS can be described as follows.
In BS Operation Mode:

· The affected/dual-role HR-BS shall only communicate with its subordinate AMS/HR-MS/HR-RS stations and shall not be available to receive from or transmit to its superordinate HR-BS.
· The affected/dual-role HR-BS shall behave like a normal HR-RS for its subordinate AMS/HR-MS. The subordinate AMS/HR-MS detect the SA-preamble transmitted by the affected/dual-role HR-BS and classify the HR-BS as a TTR HR-RS. In response, the affected HR-BS shall only transmit DL data toward its subordinate AMS/HR-MS in the DL Access zone and receive UL data from its subordinate AMS/HR-MS in the UL Access zone. Furthermore, as R-TTI = Ts, the affected HR-BS shall not transmit on the last OFDM symbol of the last subframe in the DL Access zone. The information regarding R-TTI = Ts  shall be transmitted in the SFH SP2 toward subordinate AMS/HR-MS.
· The affected HR-BS shall behave like a normal HR-BS for its subordinate HR-RS. That means the affected HR-BS shall transmit to its subordinate HR-RS in the DL Relay zone, and receive from its subordinate HR-RS in the UL Relay zone. 
In RS Operation Mode:

· The affected HR-BS shall communicate with its superordinate HR-BS. It may or may not communicate with its subordinate HR-RS in the mode of operation, and the specifications are as described in 17.3.1.1.2.y.1.
· The affected/dual-role HR-BS shall behave like a normal HR-RS for its subordinate AMS/HR-MS. The subordinate AMS/HR-MS detect the SA-preamble transmitted by the affected/dual-role HR-BS and classify the HR-BS as a TTR HR-RS. In response, the affected HR-BS shall only transmit DL data toward its subordinate AMS/HR-MS in the DL Access zone and receive UL data from its subordinate AMS/HR-MS in the UL Access zone. Furthermore, as R-TTI = Ts, the affected HR-BS shall not transmit on the last OFDM symbol of the last subframe in the DL Access zone. The information regarding R-TTI = Ts  shall be transmitted in the SFH SP2 toward subordinate AMS/HR-MS.
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