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Efficient Systematic CID Allocation and Relay Path Configuration
Mechanism for IEEE 802.16j (Multi-hop Relay)

1 Introduction

In 802.16e, each connection (both management and data) is identified by a Connection ID (CID) [2]. There
is no routing required; data is transmitted solely between the BS and the MS. In a centralized multi-hop relay
system, all relay stations form a tree topology with MR-BS as the root. The routing for each MS is decided by
the MR-BS. The routing path could be mainly based on the network topology and other number of factors such
as measured channel qualities, QoS of each connection, fairness, etc.

This contribution proposes to use CID assignment in a multi-hop relay system as a means to indicate
network topology and further help the MR-BS to perform routing path selection. In this scheme, each relay
station is assigned a range of CIDs for which the relay is responsible for decoding and forwarding. The parent
node will control a superset of this CID range, and any child nodes (both RS and MS) will be assigned disjoint
subsets of the CID range. Because of the structure of this CID assignment, the MR-BS could compute the relay
path simply based on CIDs of destination station and each relay station can recognize its packets and forward
them to corresponding stations. In this way, the routing can be maintained automatically along with CID
assignment and thus significantly decrease complexity, signal overhead, and path setup latency. The systematic
CID allocation could also help to reduce the delay when handoff of MRS or MS occurs, which could be
achieved by locating anchor RS and updating CID of moving station to maintain the topology quickly.

The proposal for this implementation has the following advantages:
e Simplified operation of the relay
¢ Reduction of overhead and delay in route updates
e Reuse of existing signaling to reflect topology changes due to the movement of MRSs or MSs

e  Quickly locating the anchor RS for fast handoff while MRSs or MSs move

2 General Description

A unidirectional connection between BS and MS or between BS and RS is established for service flow
traffic, and each connection is identified by a connection identifier (CID) [2][3]. The CID for each connection is
inserted within the MAC header of a packet. When it is received, first each station checks whether the CID of
the packet is for itself or for its subordinate stations. Each station accepts the packet and does the process if the
packet is intended to itself or its subordinate station. Otherwise, it ignores the packet and does nothing.

Each station can distinguish the received packets by examining the CID in the MAC header or in the MAP-
IE, and this can be used to maintain the routing structure. By combining CIDs with the routing for each
connection, the routing structure can be updated and maintained easily along with CIDs, and the overall
overheads for the routing can be reduced.

3 Partitioning of Integers
3.1 General Idea
To systematically assign CIDs to the MR-BS and RSs, the proposed CID allocation mechanism adopts the
partitioning of the positive integers into subsets. In this section, we describe two methods of the partitioning of
integers. This can be accomplished by factorization into bit partition, prime numbers [6], or into contiguous
2
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blocks [7]. The idea is to map these subsets to nodes in a network (assumed to be a tree topology) which will
assist in identifying the placement of the node in the tree.

Each node of the tree represents a subset of Z, the set of all positive integers. The leaves of the tree are
pairwise disjoint subsets of the integers. Each parent node is a superset of the union of its children. For
example, in Figure 1, B> (DUE) and D > (H uJ UK). The tree can grow; at a particular node, its children

must satisfy two conditions. 1) the children must be subsets of the parent node; 2) the children are pairwise
disjoint.

Due to this structure, any node (root, leaf, or intermediary) can determine whether a particular integer will
exist in its subtree (with itself as the root). Intermediary nodes must distinguish between two types of integers;
those that terminate at the node (terminal integers), and those that do not terminate at the node (non-terminal
integers). We provide two examples of integer partitioning that assume only one terminal integer at each
intermediary node, and briefly mention how multiple terminal integers (per intermediary node) can be attained.

Figure 1: an example of a network tree (an abstract model)

3.2 Examples of integer partitioning: contiguous integer blocks

This is a simple implementation. The root node represents Z. Each of its children (1% tier nodes) are
assigned a contiguous range of Z (and pairwise disjoint). For a particular 1* tier node (with range [ps, p2]), its
children (2" tier nodes) are each assigned a contiguous subset of [p, p2] (and pairwise disjoint). This process
continues for the entire tree. In Figure 2a, we demonstrate how the tree in Figure 1 can partition the integers
using contiguous integer block methods.

In Figure 2a, the terminal integers for nodes B, C, D can be set to 1000, 2000, and 400 respectively.
Allowing multiple terminal integers per intermediary node is trivial.

A MR-BS

[

1001-2000 ‘

’D 1-400 ‘ ’E401-7oo ‘ ’5001-1400‘ ’?401-1800‘

F!I.—lOO J101- K201- L401- MO0O01-| [NL101- PL401- | |Q@501-
200 300 500 1100 1200 1500 1600

Figure 2a: partitioning of integers using contiguous blocks. The choice of range length being multiples of
100 is arbitrary.
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3.3 Examples of integer partitioning: bit partition

Each decimal number could also be converted into a binary number. Assume there are at most 2 RSs could
associate with one RS or BS directly, k bits would be used to identify each RS in the same level. The 1% tier
nodes that associate to the MR-BS directly would have CIDs with all possible number in lowest k bits. Their
children (2" tier nodes) is identified by left shifting k bits of parent CID and set lowest k bits. This process
continues for the entire tree. In this manner, the CID (without leading 0s) of any RS will be the prefix of CIDs
of all its subordinate RSs.

To convert these values into subsets of Z (as discussed in Section 3.1) is simple; a n™ tier node will have a
unique nk-bit sequence to identify itself, then the range this node could assign will be all numbers with this nk-
bit sequence in the middle and begin with arbitrary number of “0”s as its prefix and with arbitrary combination
of 0 and 1 as its suffix. The condition as set out in Section 3.1 is satisfied. We also demonstrate how the tree in
Figure 1 can partition the integers using bit partition method in Figure 2b.

Az

0%01(1 0)* HC 0*10(1 0)* ‘

‘ B

D E E G
‘o*o*ocm 0)*‘ ‘o*o*om 0)*‘ ‘o*moum 0)*‘ ‘0*1co1(1 0)*‘

H ] K, L M N P %
0*010000(1 0)* | | 0*010001(1 0)* | | 0*010010(1 0)* | | 0*010100(1 0)* | | G*100000(1 0)* || 0*100001(1 0)* || 0*100° 00(1 0)* || 0*100° 01(1 0)*

Figure 2b: partitioning of integers using bit partition.

Note that a simple way of allowing multiple terminal values at intermediary nodes is to merge nodes. For
example, the logical nodes H and J can represent the same physical node.

4 CID Assignment

We describe the CID allocation for both contiguous integer partitioning method and bit partition method in
the following. This structured CID assignment can be used to assign tunnel CIDs (i.e. CIDs terminating at an
access RS), or RS and MS management CIDs. It can also be used to assign MS transport CIDs. Our examples
describe the assignment of tunnel CIDs.

4.1 CID allocation using contiguous integer partitioning method

We perform this CID assignment scheme ignoring the MS in the topology. This method is compatible with the
notion of encapsulating CIDs [9] or tunneling CIDs [8] or embedded MAP IE. [8].
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Figure 3: CID Assignment for 4.1

In Figure 3, the MR-BS indicates the range of CIDs that each RS is responsible for, as well as the CID for the
connection for each RS node. For each subordinate RS, the assigned CID range has to be a subset of its
connecting RS.

4.2 CID allocation using bit partition method

We first define a parameter 2 to identify the maximum number of subordinate RSs that the MR-BS or a RS
could have. If k=0, each RS could only have one subordinate RS. For 1%-tier RSs, which connect to the MR-BS
directly, the MR-BS assigns 1Ds sequentially from 1 to 2“ as shown in Figure 4 by setting different values of the
lowest k bits of the ID. We only show the lowest 8 bits of CIDs in Figure 4. For other n-tier RSs, the MR-BS
left shifts k bits of its parent ID and sets the lowest k bits according to the arriving sequence of the RS. For
example, RSt and RSy comes one after another to associate with RSq (ID: 00 01 00 11) after RSg and RS in
Figure 3. To assign an ID to RS, the MR-BS first perform left shift 2 bits of its parent ID and gets 01 00 11 00,
and then it sets the lowest 2 bits as 10 since it is the third RS that attaches to RSq. Similarly, the MR-BS assigns
01 00 11 11 to RSy, after RSt.
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RS,
0000 00 11]

000000 10|
RS, RS,

00 00 01 0000 00 02 01//00 00 01 10] 00 00 01 11] ‘ooHoo 1100/[00 00 11 oi‘
RS, RS, RS, RSg

[00 11 01 00][00 11 01 01] 00 11 01 10 00 11 01 11]
RS, RS, RS, RS,

@Ol 00 OOHOO 0100 01‘@ 0100 1OHOO 0100 11‘
RS RS, R

RSy o Q

[02.00 11 00] 01 00 11 01[01 00 11 10]f01 00 11
RS, RS, RS

RSg v

01 00 00 HOlOOOO HOlOOOO HOlOOOO ‘
RS, RS, RS, RS,

Figure 4: CID assignment for 4.2.

5 Relay Path Configuration

To utilize the proposed systematic CID allocation in relay path configuration, it is possible to use tunneling
[8] [10] or non-tunneling solution [9]. In the following, we take bit partition method to describe tunneling relay
path configuration and take integer contiguous method as an example for non-tunneling relay path configuration.
Both methods could be applied two solutions of relay path configuration.

5.1 Examples of relay path configuration using tunneling solution

We take figure 5 for example. There are two MSs, which associate to RS L (CID: 00 01 01 00) and RS G
(CID: 00 00 10 01), in the network. The MR-BS has records for these two MSs and knows their serving RSs.
The whole relay path could be divided into two segments: from the source RS to the MR-BS and from the MR-
BS to the destination RS. For upstream frames, each RS could easily know its parent CID by right shifting k bits
of its own CID. For example, the CID of access RS L is 00 01 01 00, so its parent CID is 00 00 01 01 by right
shifting 2 bits of its CID. For downstream frame received from its parent RS, the RS needs to determine if it
should accept, forward, or discard the frame. When the tunneling [8] [10] is applied for relaying, the Tunnel
CID could be set as the CID of destination RS. Each intermediate RS could compute if the destination RS
belongs to its subordinate RSs by the algorithm in Figure 6. First of all, the RS compares if the destination CID
is equal to its own CID and accepts the frame if these two CIDs are the same. If the match fails, it perform k-bit
right shift of the destination CID and do the comparison with its own CID. If the shifted destination CID is the
same as its own CID, it forwards the frame to its subordinate RS. Otherwise, it continues do the right shift and
comparison for (maximal level-current level) times and discards the frame if all matches are failed. For example,
RS C would know that RS G is its subordinate RS by right shifting the destination CID once.
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MS

Access RS

396

000101 00

‘ A

MR-BS ‘ 278

00001001

‘B 00 00 00 01 ‘ ‘Coooooom

IEEE C80216j-07/048

‘00000100”00000101‘ ‘000C1000‘ 00 00 10 01 ..MSZ

H J
‘ 00 0100 00 H 000100 01 H 00010010 H 00010100 H 00 10 00 00 H 00 10 00 01 H 00 10 01 00 H%O 100101 ‘

5l

Figure 5: An example of relay path configuration using bit partition method.

DstID=Right shift
k bits of DstID

Figure 6: Subordinate RS differentiation algorithm

MS

Access RS

36

60

396
-

‘Bzo(zo-sg) HCSO(SO—GQ) ‘
_— X
D 25 E 35
(25 -29) (35— 39) (55 59) (so 69] 8 Jms2
STE2] o] B P B Fo e

)0

Figure 7: An example of relay path configuration using contiguous integer partitioning method. The
number in parenthesis is the range of CIDs that the MR-BS could allocate to the subordinate RS.

Similarly with contiguous integer partitioning, the MR-BS keeps records of the access RS for each MS. For
data directed towards MS2, the MR-BS sends the data to the access RS with CID 60. Since this CID belongs to
the range of CID of the RS C, it forwards the data to the RS G. Meanwhile, the RS B ignores this data as the
CID is not within its range. The similar procedure can be done on the uplink.

7
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5.2 Examples of relay path configuration using non-tunneling solution

The following example, as shown in Figure 7, describes how the relay operation is performed if the same
CID is maintained for every hop involved in the transmission. Relay involving the changing of CIDs, or relay
involving encapsulation of CIDs [1] can be done in a similar manner.

A MR-BS

’B 1-1000 ‘ ’C 1001-2000 ‘
D4 400 ’F401-700 ‘ ’%01-1400‘ ’CMOW-‘ISOO‘
770~ ] [K201- ] [401-] [MooT-

I
100 200 300 ’ 500 ‘ 1100‘ ’

Figure 7: An example of relay path configuration using contiguous integer method.

NI101- P1401- | (Q1501-
1200 1500 1600

Consider the transmission of a packet with CID 251. RS B decodes and forwards the message to RS D, and
RS C ignores this transmission because the CID does not belong to its CID range 1001-2000. Then, RS D
forwards the message to RS K in the same manner. RS K is able to decode and forward this packet because CID
251 is within its forwarding range. Finally, the packet with CID 251 is received by MS 1. The uplink
transmission from each MS can be delivered to BS through RS in a similar way.

Once the routing decision is made by the BS, CIDs of MS are assigned according to the procedures
described above. Each RS only listens to the packets with CIDs which are within its CID range and ignores
otherwise. This removes the necessity to maintain and broadcast routing information.

In addition, the handover of moving MS from one RS to another RS within a cell can be handled easily. For
example, if MS 1 moves close to RS L and BS decides to serve MS 1 through RS L, then BS changes MS 1's
CID from 251 to 405 directly. Then RS L knows automatically that it should detect and decode the packets for
MS 1. This handover within a cell is done transparently to MS. In other words, MS only knows that BS changes
its CID and does not know that the routing path has been changed. The BS can request the change of CID using
BS-initiated DSC procedures as specified in subclause 6.3.14.9.4.2 of [2], which is summarized in Figure 8. A
DSC-REQ is sent by BS to dynamically change the service flow (SF) parameters, including CID, of an existing
SF according to the specified SFID. Once the SS receives the DSC-REQ and validates the request, the SF
parameters will be changed and DSC-RSP will be sent by SS. After receiving the DSC-RSP, the BS will update
the service flow profile accordingly, and send DSC-ACK to confirm. The whole procedure is completed once
the SS receives DSC-ACK and finalizes the adjustment.

pscREC
Dsc.rgp
ss \,

y

BS
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1 Figure 8: BS-initiated DSC.
2 CID ranges that have to be used by RS are assigned by BS and transmitted to RSs via CIDRNG-REQ and
3  CIDRNG-RSP management messages as specified in Section 6.
4 6 Proposed Text - ~
. A RS AEEE BT 50
5 Beginning of Text Changes * “?' oA m ]
6 [Add the following text into section 6.3.1.3]
7 6.3.1.3.1 Addressing Scheme for Relaying
8 In the procedure of network entry and initialization for a new RS, the MR-BS shall assign a range of
9 CIDs for the new RS. The range could be contiguous integer blocks as in Figure 6.3.1.3.X (a) or bit partition
10 as in Figure 6.3.1.3.X (b). In the bit partition assignment, the MR-BS sets the lowest k bits in ascending
11 order to RSs for RSs associated to the MR-BS directly where the maximum number of RSs the MR-BS or a
12 RS could serve is 2°. For other level-n RSs, which need n hops to reach the MR-BS, the MR-BS left shifts k
13 bits of its parent CID and sets the lowest k bits according to the arriving sequence of the RS.
14 B4 If the topology changes due
A | to some factors like load balancing
MR-BS “ or QoS management, RSs might
1| change its preceding RS and the
’B 11000 ‘ ’C 1001-2000 ‘ 'l CID range could be updated during
| | network re-entry time as shown in
I | Figure 6.3.1.3.Y in two cases.
’D 1-400 ‘ ’E401-7OC ‘ ’%01_1400 ‘ ’q401-1800 ‘ I"| Case L: the selected preceding RS
Ll is the'same as the Fer_n_po'rary
’1—[1_1OOHJ101- HK201- HL401- MOO01- | [N1101- |[P1401- | [Q1501- ?;:(;\;a;(égzggrg;;gItzh?on'
200 300 500 1100 1200 || 1500 1600 || selected preceding RS still remains
| RS1 and sends a RLY_TPY-IND
@ [ with original CID range to inform
A ! the unchanged of preceding RS
MR-BS | (RSY) for the new RS.
I Case 2: the selected preceding RS
B C ! is different from the temporary
’ 0000 00 01 ‘ ’ 000000 10 ‘ ) associated RS for initialization.
| The MR-BS det_ermine_s the
’%O 0001 00 H ](3)0 000101 ‘ ’ 50 00 10 00 ‘ ’%O 00 10 01 ‘ “ \S,a:eig;e?s%rief?:gel:&z?ihisz
"(er_n_po.rar)_/ associated ‘RS for
’Hoc 010000 Hjoo 010001 HKoo 010010 HLoc 0101 00 HN([)O 10 00 00 H]\g)o 10 00 01 H%o 1007 00 H%o 100" 01 ‘ 'gl'gar';]ag‘:’;'“'rtie’?j“;:_'fiﬁ,f{h_e”\’}gw
15 ® ] messages to the new RS. Upon
! receiving RLY_TPY-IND message,
16 Figure 6.3.1.3.Y: CID range allocation example, (a) contiguous integer block, (b) bit partition method. the temporary associated RS (RS1)
shall forward the message to the
17 new RS. Thereafter, the new RS
18 l7777777777777777777777777777777777777777777777777777777777777777777777777‘ shall start to associate with R=> 777
20 | 63236 Ranging response (RNG-RSP) message 7 | 2 652:3 MAC management
21 Insert the following text at the end of the 6.3.2.3.6: | \;\ #‘;‘éfe”li?? folloving extnto
R R R . R CRRTAY T
22 The following TLV parameter shall be included in the RNG-RSP message when transmitted during RS o0 ;E:f oy =% i #r#lem
23 initial entry to the network. The MR-BS could assign the range of RSs. \\ { A= 06em i J
NE -l )
Range of CID for R \ \
24 ange of CID for RS o\ (REE s e
25 DN 06 cm
26 11.6 RNG-RSP management message encodings DN { )
. . \\{ : ,#l—?ﬁ i#: 0cm J
27 Insert the following entries into Table 367: AN { “: Body, % 7, AR J
28 Table 367 — RNG-RSP message encodings \{ 2o OH = J
Name Type | Length | Value PHY o AP OV 7 06 cm
[ [ Type | Length | | | S ]

9
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(1 byte) (variable-length) Scope

If(contiguous integer blocks){

Start number of management CID for RS | xx 2 OFDMA (a5 1)

End number of management CID for RS | xx 2 OFDMA - (BmErAEE N Sodr
k:
If(bit partition){

CID bit sequence XX 2 OFDMA

1

6.3.25 Relay path management and routing {2 [Add anew subclause

6.3.2.3.62]

Each relay station is assigned a range of CIDs for which the relay is responsible for decoding and 6-3-2-3-62cCID ReggeAssignment
forwarding. The CID range is assigned by the MR-BS, and are transmitted to RSs via CIDRNG-REQ and st B
CIDRNG-RSP management messages. During operation, the RS is only responsible for listening to CIDs gwessageformat

yntax

transmitted within this range.

The BS is responsible for managing the entire CID range. Each RS connected to a parent node (BS or RS)
is assigned a subset of the CIDs assigned to the parent node. These subsets are non-overlapping.

By assigning a CID to each service flow, the MR-BS already specifies the relay routing path of the
connection.
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If the topology changes due to some factors like load balancing or QoS
management, RSs might change its preceding RS and the CID range could be
updated during network re-entry time as shown in Figure 6.3.1.3.Y in two cases.
Case 1: the selected preceding RS is the same as the temporary associated RS
for initialization. The MR-BS determines the selected preceding RS
still remains RS1 and sends a RLY_TPY-IND with original CID range
to inform the unchanged of preceding RS (RS1) for the new RS.
Case 2: the selected preceding RS is different from the temporary associated
RS for initialization. The MR-BS determines the selected preceding
RS is RS2 which is different from the temporary associated RS for
initialization. It must issue the new CID range carried RLY_TPY-IND
messages to the new RS. Upon receiving RLY_TPY-IND message, the
temporary associated RS (RS1) shall forward the message to the new
RS. Thereafter, the new RS shall start to associate with RS2,

Temporary associated
RS for initialization

RS1(2) RS2 (3)

New RS (candidate RS) (candidate RS)

MR-BS

~ = ~S ~Ne~

RS network entry
Temporary associated RS shall be determined by ranging)

RS tagpology establishment
(Topolagy decision by MR-BS

Case 1: RLY_TPY-IND (original CID range)
RS1 been
selected

Case 2: RLY_TPY-IND (new CID range)
RS2 been
selected

| RS network re-entry procedure |

"""""""""" e 1

Figure 6.3.1.3.Y: CID range allocation Message flow of a new RS during network
re-entry time

579 Fl: [2] 11F% Trene Hsu 2007/1/17 3:16:00 AM

6.3.2.3 MAC management messages

[Insert the following text into Table 14.]

Type Message name Message description

Connection




67 CIDRNG-REQ CID range assignment request Basic
68 CIDRNG-RSP CID range assignment response Basic
69 RLY_TPY-IND Relaying mode RS topology Basic
indication
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[Add a new subclause 6.3.2.3.62]
6.3.2.3.62 CID Range Assignment Request (CIDRNG-REQ) message
Table *** -- CIDRNG-REQ message format
Syntax Size Notes
CIDRNG-REQ message format { _ _
Management Message Type = 67 8 bits Type =67
If(contiguous integer blocks){
CID min 16 bits The minimum value of CID |
CID max 16 bits The maximum value of CID
}
If(bit partition){
CID bit sequence 16 bits The CID for this RS
}

[Add a new subclause 6.3.2.3.63]

6.3.2.3.63 CID Range Assignment Response (CIDRNG-RSP) message

Table *** -- CIDRNG-RSP message format

Syntax Size Notes
CIDRNG-RSP message format { _ _
Management Message Type = 68 8 bits Type = 68
Confirmation 1 bit 1: the CID range has been changed succe:
0: error
Reserved 7 bits Shall be set to zero
}

[Add a new subclause 6.3.2.3.64]



Relaying mode RS topology indication (RLY_TPY-IND) message

An MR-BS shall transmit a RLY_TPY-IND message for indicating what the
suitable preceding RS is and indicating the CID for new RS, and then trigger the
network re-entry. A RLY_TPY-IND message may also be transmitted to the selected
preceding RS for the notification that a new RS with CID descending from this

preceding RS.

Table 6.3.2.3.X—RLY_TPY-IND message format

Syntax

Size

Notes

RLY_TPY-IND_Message_format(){

Management Message Type=69

8 bits

Type=69

Target_Station_ID

48 bits

Preamble Index/Subchannel Index

8 bits

This parameter defines the OFDMA PHY specific preamble

HO process optimization

8 bits

HO Process Optimization is provided as part of this message is
indicative only. HO process requirements may change at time of
actual HO. For each Bit location, a value of ‘0’ indicates the
associated reentry management messages shall be required, a
value of ‘1’ indicates the reentry management message may be
omitted. Regardless of the HO Process Optimization TLV
settings, the target Station may send unsolicited SBC-RSP and/
REG-RSP management messages:

Bit #0: Omit SBC-REQ/RSP management messages during re-
entry processing

Bit #1: Omit PKM Authentication phase except TEK phase
during current re-entry processing

Bit #2: Omit PKM TEK creation phase during re-entry processil
Bit #3: Omit REG-REQ/RSP management during current re-ent
processing

Bit #4: Omit Network Address Acquisition management
messages during current re-entry processing

Bit #5: Omit Time of Day Acquisition management messages
during current reentry processing

Bit #6: Omit TFTP management messages during current re-ent
processing

Bit #7: Full service and operational state transfer or sharing
between serving station and target station (ARQ, timers, countel
MAC state machines, etc...)

If(contiguous integer blocks){

CID min

16 bits

The new minimum value of CID range

CID max

16 bits

The new maximum value of CID range

}
If(bit partition){

CID bit sequence

16 bits

The new CID for this RS

}

Padding

variable

If needed for alignment to byte boundary

TLV encoded information

variable




