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Introduction

In 802.16j system, a multi-hop path selection is one of the important functionalities for the efficient usage of
radio resource in the network. To be able to select an optimal relay path from BS to the access RS, and
furthermore to the MS, MR routing control system needs to collectively acquire global air link status within a
cell. This contribution does not specify a particular link metric to be used for path selection. As an example, a
route stability metric is considered.

More specifically, as MS relies on the legacy 802.16e network entry and handover procedures, the following
routing inefficiencies are likely to arise in an MR network.

An MS detects a stronger preamble signal from an RS and proceeds to establish network attachment through
that RS. However, a path through another RS with a lower preamble signal strength may be overall a higher
quality route than the chosen path.

An MS detects a stronger preamble from the BS than from an RS and proceeds to establish direct UL and DL
links with the BS. This network attachment decision is optimum with respect to the DL communication.
However, as the transmit power of the BS may be significantly higher than that of the RS, pathloss on the MS-
to-BS link may still be significantly higher than that on the MS-to-RS link. In this case, the network entry
decision by the MS may be suboptimum with respect to the UL communication.

In this contribution, new signaling procedures are proposed to enable appropriate route selection for the MS
upon its entry into an IEEE 802.16j network or handover into a new cell. Also, a procedure is proposed for
establishing efficient routes between the MR-BS and RSs in its cell.

Background

In IEEE 802.16e-2005 standard, there are mechanisms to measure and acquire the quality of radio link at the
physical layer. Examples of link quality parameters are shown in Table 1. These parameters can be used by BS
for monitoring the status of BS-MS links, and for the purpose of handover, scheduling, and so on.
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Table 1 Link quality parameters in IEEE 802.16e-2005 standard

Link quality parameter Mechanism to report link quality
parameters
DL RSSI mean
DL RSSI standard
deviation
REP-RSP message
DL CINR mean
DL CINR standard
deviation
DL CQI value fast-feedback channel (CQICH)
Neighbor DL CINR mean
MOB_SCN-REP message
Neighbor DL RSSI mean

Note that the MOB_SCN-REP message can be used to report the neighbor DL RSSI or CINR measurements.

In general, the radio link quality changes in time (The word “link quality” is used here as a meaning of SINR or
CINR level). A fluctuation of link quality may occur because of movement of nodes, environmental factors
(radio noise, obstacles, weather condition, etc.), or system failure (node/card failure).

The example of 802.16j system is shown in Figure 1. The link quality between MR-BS and RS1 slightly
fluctuates in time, but the one between MR-BS and RS2 dramatically changes. In this case the former link can
be regarded as a stable radio link, and the latter one as a unstable radio link. Therefore it is appropriate to select
the path via RS1.

In 802.16j system, a multi-hop path selection, which is defined as an optional functional requirement, is an
important functionality for the efficient usage of radio resource in the network. To select an appropriate path,
the stability of link quality could be considered, as well as other routing metrics.

Link quality slighly
MR- BS Link flactuates in time.
quality
4 )
/ ime
£ R
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Appropriate path between

———=- Untable radio link
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\\ S2 ~
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Figure 1 An appropriate path selection based on stability of link quality in 802.16j system

As indicated in Table 1, 802.16e-2005 has defined two ways to monitor and report the access link quality status:
MS can use REP-RSP message or CQICH channel to report the measured link metrics to BS. Furthermore, the
neighbor measurements could be reported via the MOB_SCN-REP message. The following sections propose
link status report/procedure extensions to R-link quality metrics (both R-DL and R-UL). The extensions include
new TLV and procedures to report link status and to select the relay path with the associated link metrics.
Furthermore, procedures for reporting access link quality metrics and selecting and optimized MR-BS-to-MS
routes are also proposed.

Example of path selection based on stability metric

In general, a number of routing metrics could be used. One possibility is to use the stability of link quality as a
metric of multi-hop path selection. There are advantages to considering it:

Less frequent path changes: It can reduce the control overhead occurring by path changes.

Less data loss: It can avoid data loss by a sudden decrease of link quality.

Link quality for backup relay path purpose (reliability)

In order to get information regarding the stability of link quality, following methods are proposed:

Using a fast-feedback channel (CQICH)
Using REP-RSP messages (In case that CQICH cannot be used) with newly introduced R-link TLV
MOB_SCN-REP messages for reporting DL neighbor information on the access link

In these methods, no change of MS specification is required.

Calculating the stability of link quality using a fast-feedback channel (CQICH)

In the centralized scheduling, MR-BS may allocate CQICH to RSs and MSs in its cell (Figure 2). Allocation of
CQICH for RSs is performed in the relay zone. For MSs, CQICH is allocated in the access zone on the access
link hop, and could be allocated in the relay zone on subsequent hops. Therefore, an RS may send to MR-BS
CQI received from an MS in the access zone through a corresponding CQICH channel in the relay zone. RSs
and MSs report CQI to MR-BS, and MR-BS maintain the history of CQI. Based on this information, it may
calculate the stability of link quality which is used for the multi-hop path selection. The algorithm of calculating
the stability of link quality is out of scope of this contribution.

As CQICH only reports CQI information for DL transmission from parent nodes, REP-RSP messages with the
newly introduced R-Link TLV may be used to report neighbor measurement information for relay links.
MOB_SCN-REP message can be used to report DL MS neighbor measurements from an MS to the access RS,
and these access link neighbor measurements may be reported to the MR-BS in the newly introduced Access-
Link TLV.
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Figure 2 Using a fast-feedback channel (CQICH): Centralized scheduling

In the distributed scheduling, MR-BS and RSs allocate CQICH to neighboring RSs and MSs (Figure 3).
Allocation of CQICH for RSs is performed in the relay zone and the one for MSs in the access zone. MR-BS
and RSs collect CQI from neighboring nodes and maintain the history of CQI. Based on this information, they
calculate the stability of link quality which is used for the multi-hop path selection. The algorithm of calculating
the stability of link quality is out of this contribution.

As CQICH only reports CQI information for DL transmission from parent nodes, REP-RSP messages with the
newly introduced R-Link TLV may be used to report neighbor measurement information for relay links.
MOB_SCN-REP message can be used to report DL MS neighbor measurements from an MS to the access RS,
and these access link neighbor measurements may be reported to the MR-BS in the newly introduced Access-

Link TLV.
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Figure 3 Using a fast-feedback channel (CQICH): Distributed scheduling
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Calculating the stability of link quality using REP-RSP messages
If the fast-feedback channel (CQICH) cannot be used, REP-RSP messages may be used, alternatively.

In the centralized scheduling, MR-BS sends REP-REQ to RSs and MSs, requesting a RSSI standard deviation
or a CINR standard deviation, and RSs and MSs send REP-RSP to MR-BS (Figure 4). While MS only reports
single Down-Link status (from BS to MS, as defined in 802.16e-2005) to the BS, each designated RS should
report multiple link status including both R-DL (from BS or ancestor RS to the designated RS) and R-UL (from
the successor RS to the designated RS) to the BS. The REP-RSP issued from each RS should indicate the link
direction (i.e., R-DL, R-UL or neighbor measurement), and the source of the measured transmission (i.e., the
identity of the Relay amble measured). Note that MS neighbor measurements could be obtained from MS via
the MOB_SCN-REP messages.

RS shall report the measured channel conditions (both R-DL and R-UL) to MR BS via either polling (REP-
REQ/RSP) or via unsolicited responses (REP-RSP).

MR-BS may use the value of a RSSI standard deviation or a CINR standard deviation directly as a measure of
the stability of a link quality.

With the collectively acquired link status, MR BS would effectively schedule the radio resource, select the
optimized path for the relay, and route the traffic to an alternative path when a routing failure occurs.

i L) 1 &
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MR- BS RS1 RS2 MS
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A 4

REP-REQ

4 REP-REQ
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ofboth R-DL and R-JUL)
: REP- RSP
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Figure 4 Using REP-RSP messages: Centralized scheduling

In the distributed scheduling, MR-BS and RSs send REP-REQ to neighboring RSs and MSs, requesting a RSSI
standard deviation or a CINR standard deviation (Figure 5). They receive REP-RSP from neighboring RSs and
MSs. They may use the value of a RSSI standard deviation or a CINR standard deviation directly as an index of
the stability of link quality.

Each designated RS should report multiple link status including both R-DL (from BS or ancestor RS to the
designated RS) and R-UL (from the successor RS to the designated RS) and R-Link neighbor measurements to
the BS.
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Figure 5 Using REP-RSP messages: Distributed scheduling

Example of DL path selection procedure for MS

An example of DL path selection is shown in Figure 6. In the figure, RS1 and RS2 have established a route
with their superordinate BS. Specifics of the algorithm for RS route establishment are outside the scope of this
contribution. In this contribution, it is proposed that the MR-BS learns of the R-Link metrics between itself and
every subordinate RS via modified REP-RSP/REQ messages and utilizes this information for proper MS route
selection. Returning to the example in Figure 6, it is assumed that routing metrics my,; and my,,, capturing route
quality between MR-BS and RS1 and RS2, respectively, are computed at the MR-BS from the reported R-Link
metrics in the REP-RSP messages.

Without loss of generality, let MS be initially attached to RS1 by using legacy 802.16e network entry or
handover procedures. The MS then has set-up a route to the MR-BS via RS1. To check the optimality of this
route, the MR-BS needs to learn the overall quality of the path via RS2 and compare it with the overall quality
of the path via RS1. As my,; and my,, are already available at the MR-BS, only link metrics for the RS-to-MS
links, m;; and my,,, are needed. Then, the overall quality metric of the ith path may be simply computed as
Qi =my, ;+m Note that this calculation is only an example, and details of the routing metric calculations

rm_i*

are proprietary.

It is assumed that the MS maintains legacy 802.16e DL and UL communication links with RS1, and hence
provides legacy CQI feedback to RS1. The required metric m,y,; can then be derived at the MR-BS from the
CQI feedback provided to it by RS1. The details of this calculation are not specified in the standard. To obtain
CQI for the RS1-MS link, the MR-BS queries RS1 by sending the REP-REQ message. RSI replies with the
REP-RSP message containing Access-link TLV with CQI feedback.
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To obtain m;n2, MR-BS relies on the 802.16¢e legacy handover measurements procedure at the MS. Specifically,
MR-BS sends to RS1 a MOB_SCN-RSP message intended for the MS and specifying RS2 as the measurement
target in the N_Recommended_BS_Index message field. RS1 relays the MOB_SCN-RSP message to the MS
and receives a MOB_SCN-REP message from MS containing CQI feedback for the RS2-to-MS link. RS1
forwards the message to the MR-BS which computes m;,; based on the CQI reported in the message.
Alternatively, neighbor measurements in the MOB_SCN-REP message can be reported to the MR-BS via the
Access-Link TLV in the REP-RSP message.

Upon computing the overall quality metrics for the two paths, the MR-BS may decide to switch the MS to the
path via RS2. In this case, it will transmit a MOB_BSHO-REQ message to RS1, specifying RS2 as the
mandatory handover target. RS1 will relay the message to the MS, initiating handover process.

Bounce diagram for this process is shown in Figure 7.

/
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1 /
- »
@
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Figure 6. MS route determination in Scenario 1.
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Figure 7. Signaling diagram for Scenario 1

Example of UL path selection procedure for MS

Routing problem for Scenario 2 is shown in Figure 8. It is assumed that MS has detected a stronger preamble
from BS and has set-up legacy 802.16e UL and DL communication links directly with the BS. Based on CQI
feedback from the MS, the MR-BS computes the quality metric for the UL link, denoted as my,, in Figure 8.
Furthermore, RS1 has successfully set-up communication path with the MR-BS and my,; is known at the MR-
BS through the RS metric reporting procedure described above.

With respect to UL communication, MS selection of the MR-BS as the network attachment point maybe
suboptimum, since the UL route via RS1 may result in a better ETE metric. To evaluate the overall quality
metric for this route, knowledge of the link metric for the MS-to-RS1 link, myy, is required at the MR-BS.

The following procedure is proposed for obtaining my,; at the MR-BS. Note that the MR-BS maintains an
active UL communication link with the MS and hence performs scheduling of all UL bursts from the MS. The
MR-BS informs RS1 of the allocation for an impending UL burst from the MS. RSI1 proceeds to receive the
UL burst from the MS and performs UL CQI measurements, which are reported to the MR-BS in the Access-
link TLV included in the REP-RSP message. The MR-BS derives my,; based on the CQI provided. The REP-
RSP message can be sent to the MR-BS in an unsolicited fashion or in response to the REP-REQ message. As
an alternative to this procedure, UL sounding measurements can be used to obtain UL CQI information, as
proposed in [10].

RST1 is informed of the MS UL burst allocation in the MS_UL_Allocation-REP message. The format of this
message depends on the functionality of RS1. If RS1 is deployed as a transparent RS, it reads the legacy DL
and UL maps transmitted in the access interval by the MR-BS. In this case, it is sufficient to specify in the
MS_UL_Allocation-REP message a CID of the MS UL burst to be received by RS1. RS1 can learn of the burst
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allocation by reading the UL map. In the second case, RS1 is deployed as a non-transparent RS. In this case,
RST1 cannot hear the legacy UL map, and the MS_UL_Allocation-REP message must specify the exact UL slot
allocation for the MS burst. The steps of this process are illustrated in Figure 9. Upon obtaining mp,; and my,,
the MR-BS computes the overall quality metric for the MS-to-MR-BS path via RS1. The details of this
computation are not specified in the standard. If deemed necessary, the MR-BS may assign RS1 to relay UL
bursts from the MS or it may initiate MS handover procedure from MR-BS to RS1.

Figure 8. MS route determination in Scenario 2

MR-BS RS1 MS
T
UL MAp

e —

—MS_UL_Allocation-REP -

/ UL Burst

4—REP-RSP

MOB_BSHO-REQ———————P

4———MOB_BSHO-RSP

Figure 9. Bounce diagram for Scenario 2

Proposed text changes
6.3.25 Relay path management and routing

[Insert the following text]
6.3.25.x R-link monitoring and reporting procedure for relay path management
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Computation at the MR-BS of the end-to-end route quality metric for the multihop path between the MR-BS
and an RS in its cell may, optionally, be enabled. Optionally, the stability of link quality may be considered as
a metric for multi-hop path selection. A route quality metric may be derived at the MR-BS based on link
measurements obtained from a CQI fast-feedback channel (CQICH) and/or from a REP-RSP message carrying
an R-link TLV.

In the case of centralized scheduling, MR-BS may allocate CQICH to an RS in its cell for reporting CQI on DL
transmissions originating at RS’s ancestor RS or MR-BS. Allocation of CQICH for RSs is performed in the
relay zone.

In the case of distributed scheduling, MR-BS and each RS in an MR cell may allocate CQICH to a downstream
RS. Allocation of CQICH for an RS is performed in the relay zone.

To report R-UL, R-DL and R-Link neighbor measurements, REP-RSP messages with R-Link TLV may
optionally be used. An MR-BS may send a REP-REQ message to an RS in its cell requesting RSSI mean and
standard deviation or CINR mean and standard deviation measurements. The RS may respond with a REP-RSP
message containing R-Link TLV and requested measurements. MR-BS may use the reported measurements for
route quality calculations, and optionally for computing the stability of a route.

[Insert the following text]
6.3.25.x+1 Access-link monitoring and reporting procedure for MS path management

Computation at the MR-BS of the overall quality metric for the multihop path between the MR-BS and an MS
in its cell may, optionally, be enabled. The multihop path between the MR-BS and an MS can be decomposed
into two path segments. The first path segment is the multihop path between the MR-BS and the access RS of
the MS. The second path segment is the access link between the MS and the access RS. To enable routing
metric computation at the MR-BS, R-link metrics shall be reported to the MR-BS in REP-RSP message
containing R-Link TLV, and access link metrics may optionally be reported to the MR-BS in the REP-RSP
message containing Access-Link TLV. The REP-RSP message may be sent to the MR-BS in response to REP-
REQ message or by sending an unsolicited REP-RSP message.

To enable access link quality measurements on the uplink, an access RS may optionally be capable of
processing the MS_UL_Allocation-REP message received from the MR-BS and may optionally perform the
requested UL measurements on the burst allocation specified in the MS_UL_Allocation-REP message. The
result of UL measurements may optionally be reported in the REP-RSP message containing Access-Link TLV.

To enable DL CQI reporting, MR-BS may allocate CQICH to MSs in its cell. CQICH is allocated in the access
zone on the access link hop, and may optionally be allocated in the relay zone on subsequent hops. Therefore,
an RS may send to MR-BS CQI received from an MS in the access zone through a corresponding CQICH
channel in the relay zone.

The UL and DL routes may optionally be different for the same MS.

[Insert the following text]
6.3.18.3 Relay station CINR report operations
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An RS may optionally report to the MR-BS in a REP-RSP message the status of multiple R-links, including
both R-DL (from BS or ancestor RS to the designated RS) and R-UL (from the successor RS to the designated
RS). The REP-RSP issued from each RS to the MR-BS may optionally contain an R-Link TLV, indicating the
measured link direction (i.e., R-DL, R-UL or neighbor measurement), and the source of the measured
transmission (i.e., the identity of the Relay amble measured). For report on an R-DL, the R-link direction is set
as “Downlink” in the R-Link TLV; for report on R-UL the R-Link direction is set as “Uplink” in the R-Link
TLV; otherwise, the R-link direction is set as ‘“Neighbor measurement”. The source of the measured
transmission is identified in the R-Link TLV by the measured R-amble index.

R-Link TLV format (We need to propose section humber here!)

The proposed R-Link TLV format is as follows. In 802.16-2005, preamble is defined an 8-bit integer. Similar
convention is used to index Relay-amble. Direction is specified by two bits.

Name Type Length Value
R-Link XXX 2 bytes 16-bit Integer
Syntax Size Notes

R-Link{

Direction 2 bits 0b00 = Reserved

0b01 = Uplink
0b10 = Downlink
Ob11 = Neighbor measurement

Reserved 6 bits

Source 8 bits Relay amble index

}

Access-Link TLV format (We need to propose section number here!)

The proposed Access-Link TLV format is as follows. MS CID specifies the identity of the MS for which the
measurements are reported. Relay amble index is only used to report DL MS channel measurements.

Name Type Length Value
Access-Link XXX 4 bytes 32-bit Integer
Syntax Size Notes
Access-Link{
Direction 1 bit 0 = Downlink
1 = Uplink
Reserved 7 bits
CID 16 bits CID of MS being reported
Source 8 bits Relay amble index (only to be
used for DL measurements)
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) | |

[Insert new section 6.3.2.3.xx]
Section 6.3.2.3.xx MS_UL_ Allocation-REP

This message is used to report MS UL burst allocations to an RS to optionally enable UL link quality
measurements on the MS-to-RS link. This message shall be sent from the MR-BS to an RS on the access RS
basic CID. The message specifies the CID of the MS for which the UL metric is to be reported or explicitly
specifies UL burst allocation of the MS.

Syntax Size Notes
MS_UL_allocation-REP {

Management Message Type=TBD 8 bits

CID 16 bits CID of the MS

0: Explicit allocation report mode

Allocation_report_mode Ibit 1: CID-based allocation report mode

if (Allocation_report_mode == 0) {

UIuC 4 bits
OFDMA symbol offset 7 bits
Length 4 bits Length of the MS uplink zone
Permutation 2 bits
PUSC UL _IDcell 7 bits
First slot in zone 10 bits ﬁrsst slot of the allocation for the
Length 10 bits Length of the allocation for the MS
}
if (Allocation_report_mode == 1) {
CID 16 bits CID of the burst to be received

}
Padding Variable

}

[insert section 8.4.5.29 as follow]

8.4.5 Map message fields and IEs
8.4.5.4.29 RS-FAST-FEEDBACK allocation IE

MR-BS may place RS-FAST-FEEDBACK allocation IE() in the R-MAP to allocate RS-FAST-
FEEDBACK region. RS forwards the fast feedback messages from MS to MR-BS through RS-FAST-
FEEDBACK region. The format of RS-FAST-FEEDBACK allocation IE is defined in Table xxx.

Table xxx. RS-FAST-FEEDBACK allocation IE Format
| Syntax | Size | Notes |
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RS_FAST_FEEDBACK allocation IE {
OFDMA symbol offset 8 bits
Subchannel offset 7 bits
No. OFDMA symbols 7 bits
No. subchannels 7 bits
Reserved 3 bits

}
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