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Annex B: IEEE 802.15.3/3b Changes for Distributed Channel Time Allocation in Mesh Networks

B.1 Introduction
This annex describes the recommended changes in IEEE 802.15.3 and IEEE 802.15.3b MAC required in order to support an optional distributed channel time allocation method that achieves both fair resource allocation and admission control. The sub-sections in this annex are in-line with the chapters in the IEEE 802.15.3/3b standards to provide implementors easy cross-reference between these documents.
B.2 References
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[B-2] IEEE P802.15.3b-2005: Wireless Medium Access Control (MAC) and Physical Layer (PHY) Specifications for High Rate Wireless Personal Area Networks (WPANs), July 2005.
[B-3] Shao et al, “IEEE P802.15.5 Draft candidate,” IEEE P802.15-06/0237r2, July 2006
[B-4] H. Shao, “Call for additional contribution for 802.15.5 Mesh Networking,” IEEE P802.15-06/0333r5, July 2006
B.3 Definitions

B.4 Acronyms and abbreviations

Add the following acronyms:

MPNC
Mesh Capable PNC
B.5 General Description
B.7 Frame Formats

B.7.4 Information elements

Append the following information elements types to Table 48:
	Element ID

Hex value
	Element
	subclause
	Present in beacon

	0x11
	MPNC Reservation
	7.4.18
	In every beacon


B7.4.18 MPNC reservation information

The MPNC reservation IE shall be formatted as illustrated in Figure 48b:

	Octets: 2
	2
	1
	1

	MPNC minimum number of TUs
	MPNC reserved number of TUs
	Length(=4)
	Element ID


Figure 48b-MPNC reservation information format
MPNC reserved number of TUs field represents the amount of time units reserved by the MPNC. 

MPNC minimum number of TUs field is set by the MPNC, which specifies its minimum requirement of time units in order to satisfy its service quality.
B.8 MAC functional description
Add the following text after chapter 8.5.3:
B.8.5.4 Distributed Fair Resource Allocation among MPNCs
To support for simultaneously operating mesh-enabled piconet, multiple MPNCs that are operating within the same operating space shall be able to allocate channel time to perform beacon broadcast, as well as to provide CAP or CTAs. Figure 123c illustrates one example of how 2 MPNCs operating within the same operating space may allocate medium access time for beacon transmission, CAP and CTAs. If there is no non-mesh enabled PNC in the operating space, MPNCs are allowed to share the entire channel time by allocating medium access time in a distributed way.

A set K = {1, …, K} of MPNCs is given and they use a same superframe length. The size of the data transfer duration is set to C (sec, where the size of CAP/MCTAs and CTAs for each MPNC, T, is variable such that 0 ( T < C. MPNC 
[image: image1.wmf]k

Î

i

 reserves a number of MAS by negotiation using the beacons. Ti stands for its reserved duration, and T = (T1, …, TK) stands for the reservation vector for all MPNCs in [image: image2.wmf]k

. It is further assumed that MPNC i has a maximum MAS requirement Mi and a minimum requirement mi such that 0 ( mi ( Mi. Then, a reservation vector T is said to be feasible if the following constraints are satisfied:
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Figure 123c-Mesh enabled 802.15.3 piconet superframe
After the MPNC has completed the scan procedure and has synchronized its slot boundary to a reference MPNC, the MPNC transmits the beacon frame with the reservations (Ti) and minimum requirements (mi) as shown in Figure 123d. A new MPNC first computes the sum of all other MPNCs' reservations and then figures its fair share within its requirement range. αi is a real number assigned to MPNC i, and it is used to differentiate the service quality or to control the convergence rate of the algorithm. MPNCs in a lower class are assigned a lower value of α and a larger value of α guarantees a relatively bigger amount of time slots in the mesh network superframe. Thus if αi = α, (i, all participating MPNCs will have an equal share within the mesh network superframe. On the other hand, the convergence time for the resource allocation is proportional to the value of α. The rationale behind the algorithm and the role of αi in resource allocation will be further discussed in later sections.
Algorithm 1 (Computation of Ti)
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Figure 123d Available information in the beacons: Ti and mi for all i ( K
MPNCs are allowed to dynamically join and leave the mesh network, and thus, the number of active MPNCs in a mesh superframe is not constant and each MPNC needs to update in every superframe its neighborhood table which contains Ti and mi of other MPNCs. Thus, the table dynamically reflects the MPNCs joining and leaving, and each MPNC’s MAS reservation is adjusted accordingly. Admission control also can be performed by MPNCs themselves without a centralized arbitration as follows. As mi is included in the beacon frames, a newcomer can computes the total amount of minimum requirements by scanning other beacons, and thus it may join the mesh network only if the sum does not exceed the maximum size of data transfer duration.
Algorithm 2 (Distributed Admission Control for MPNC i)
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