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1. Reference

[1]
IEEE P802.22™/D0.1 Draft Standard for Wireless Regional Area Networks Part 22: Cognitive Wireless RAN Medium Access Control (MAC) and Physical Layer (PHY) specifications: Policies and procedures for operation in the TV Bands.
2. MAC Management Message for Efficient Sensing
2.1. Introduction
In WRAN system, there are some channels that are more / less important to sense than the others. Due to the limited resource for sensing, it is desirable to have an intelligent and flexible scheme to allocate more resource to those important channels. To facilitate this, the BS needs to specify discontiguous channels for CPEs to sense. Unfortunately, the MAC management messages in the current draft [1] do not address discontiguous channels, which will impose a heavy overhead punishment on the systems employing the above-mentioned flexible sensing scheme. In this contribution, we propose a minor but key modification to the existing MAC management messages for sensing, so as to avoid a dramatic increase in overhead when discontiguous channels are sensed.

2.2. Issues in Current Draft

We first explain by example why the specification of discontiguous channels is needed in ordered to maximize the capacity of distributed sensing in WRAN system, followed by addressing the issue in the current draft. 
Consider the following example as shown in Figure 1.
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Figure 1. An illustrative example showing why the specification of discontiguous channels is needed.

There are 7 contiguous channels in which TV signals / strong power incumbents are present in Channels 3, 4 and 5. If TV signals are present in these channels, the BS may spend very little or no resource to sense these channels since these incumbents are known a priori to be present (from the database or site survey). It is also possible that the incumbents are not fixed TV incumbents but only strong incumbent signals which may leave after some time (e.g. a television station's remote-news van, which is dispatched to somewhere in the WRAN cell and sends a signal back to the station). In this case, the BS does not have a priori information of its presence from the database. However, due to the strong signal of the incumbent, only few CPEs are sufficient to detect its presence very reliably. Most of the CPEs can save the sensing period to sense the other channels whose statuses are more uncertain. In this case, BS needs to specify discontiguous channels in different MAC/PHY stacks.

Referring to Section 6.8.22 of the current specification [1], a lot of overhead is needed to specify discontinuous to sense. In particular, one BLM-REQ message (c.f. Table 145 in [1]) can only facilitate one continuous set of channels. Therefore, N BLM-REQ messages with almost identical contents are required to specify N discontiguous channel intervals, which add a lot of overheads to the system. 
It is noteworthy that an example scenario of discontiguous channels can be found in Section 6.21.1.5 of [1]. In particular, in response to out-of-band measurements previously requested by the BS, every CPE need to keep track of backup channels, which are completely disjoint from the current operational channels.
2.3. Proposed Text Changes
In the following, the texts in red are to be deleted while those in blue are to be added to the refined BLM-REQ message.
Refined Table 145 [1]:

	Syntax
	Size
	Notes

	BLM-REQ_Message_Format() {
	
	

	Management Message Type = 39
	8 bits
	

	Transaction ID
	16 bits
	Shall be set to a nonzero value chosen by the BS sending the measurement request to identify the request/report transaction.

	Starting Channel Number
	8 bits
	

	Number of Channels
	8 bits
	

	Interval-basis Channel List
	Variable
	Table xxx (in this document).

	Confirmation Needed
	1 bit
	Indicates whether or not the CPE is required by the BS to confirm, with a BLM-RSP message, the receipt of this message.

0 = No confirmation needed (default)

1 = Confirmation needed

	Number of Single Measurement Requests
	3 bits
	The number of single measurement requests contained in this message

	Single Measurement Requests
	Variable
	A series of single measurement requests. See Table 146 [1].

	}
	
	


Referring to the refined Table 145, the fields “Starting Channel Number” and “Number of Channels” are replaced by a new syntax “Interval-basis Channel List”, which can be used in identifying the channels that are contiguous or discontiguous. The table below shows the message format of the proposed Interval-basis Channel List. We can see that the proposed structure adds only one bit to the current structure, but it can save a lot of overheads when discontiguous channels are sensed.
Table xxx Interval-basis Channel List

	Syntax
	Size
	Notes

	Interval_basis_Channel_List_Format() {
	
	

	      Starting Channel Number
	8 bits
	The index of the starting channel

	      Number of Channels
	8 bits
	The number of channels in the current interval

	Linker
	1 bit
	1: The next 17 bits follow the interval-basis structure

0: The Channel List structure is terminated here

	}
	
	


From the table above, it can be observed that the major difference is the presence of the one-bit linker, which can be used for indicating whether discontiguous channels are present. For all of the remaining syntaxes in the table, they remain unchanged and therefore it is fully compatible with all the other mandatory and optional features in the current draft.
2.4. Conclusion
Sensing discontiguous channels is needed when the BS wants to distribute more resource to sense particular channels, instead of asking the CPEs to sense all channels with uniform resource. We have stated an example when some channels need more resource to sense than the others and an example scenario of discontiguous channels. By using the proposed Interval-basis Channel List structure for discontiguous channels, the BS does not need to send multiple BLM-REQ messages to convey virtually identical commands. If there is no discontiguous channel, there is only one bit overhead in which we believe that this one bit investment is worthwhile, since it saves the WRAN system from the risk of wasting resource when sensing discontiguous channels.
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Abstract


This document provides a minor but key modification to the existing MAC management messages for sensing, so as to avoid a dramatic increase in overhead when discontiguous channels are sensed.
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