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M. Annex M 
M.4 Channel Diversity
Wireless PAN suffers severe receiver channel variation which results in poor signal reception quality. The main cause of physical impairments is called multi-path fading, and mutual RF interferences. 

IEEE802.15.4e MAC provides two types of channel diversity methods to overcome these impairments: channel adaption and channel hopping. Channel adaptation does not change a channel in use until the received signal quality drops down lower than a threshold value. When channel quality is poor, it switches the channel to another one which is expected to show statistically different reception quality. On the other hand, channel hopping enforce the channel to switch at each time slots at most according to predefined channel hopping pattern. Channel hopping pattern, called channel hopping sequence, is set by NHL. Basic idea behind these channel diversity methods is to exploit the nature of receiver channel quality varying over whole available RF channel spectrum. A chance for a channel suffering channel impairments is statistically much lower than another one suffering deep fading located far apart. Thus, the reception signal quality is expected to be improved significantly by switching a channel with poor quality to other one located far apart. 

IEEE 802.15.4 provides two types of PAN operation modes: beacon enabled mode and non beacon enabled mode. In IEEE802.15.4e MAC, channel adaptation is implemented over EGTS structure in beacon enabled PAN, while channel hopping can be implemented in either of PAN operation modes. See section 7.1.21 and 7.1.23 for more detail.
Channel diversity methods herein can coexist with channel hopping method performed in PHY such as physical layer frequency hopping (PHY-FH) in SUN. The fundamental difference of channel hopping method as in MAC and PHY is whether channel switching occurs during the transmission of a PPDU. Fig. M1 illustrates the hopping methods in two layers. In MAC channel hopping (MAC-CH) scheme, each PPDU is transmitted in different frequency channel (Fig. M1 (a)), while a PPDU is fragmented into segments and each segment is transmitted in different sub time slots with different frequency channel in PHY-FH (Fig. M1 (b)).
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Figure M1—Illustration of channel hopping in (a) MAC (b) PHY Layer
However, the notion of channel number is not clear when this cooperative channel diversity scheme is applied.  To understand this, let us consider channel hopping sequence of {1,2,3,4} for MAC-CH. Before the transmission of the first PPDU, PHY would set physical channel information obtained from channel hopping sequence for MAC-CH and from that for PHY-FH. Now, PHY cannot determine using which channel a frame is transmitted. In order to resolve this, we introduce a notion of logical channel number. Table M1 shows how a logical channel number maps into a channel hopping sequence used for PHY-FH. For instance, if PHY-FH employs channel hopping sequences, {1,3,5,7}, {2,4,6,8}, {9,11,13,15} and  {10,12,14,16}, each sequence is numbered as logical channel numbers 1 through 4. Thus, when MAC sets logical channel number of 1, PHY uses channel hopping sequence {1,3,5,7} for the transmission of a PPDU, and so forth. An example of PHY channel hopping sequence for the given sequence of logical channel numbers are illustrated in Table M2.
Table M1. Logical channel numbering
	PHY Hopping Sequence
	Logical Channel Number

	{1,3,5,7}
	1

	{2,4,6,8}
	2

	{9,11,13,15}
	3

	{10,12,14,16}
	4


Table M2. PHY channel hopping sequences using the notion of logical channel 
	MAC Hopping Sequence 
	PHY Channel Hopping Sequences

	{1,2,3,4}  
	{{1,3,5,7},{2,4,6,8},{9,11,13,15}, {10,12,14,16}} 

	{2,3,4,1}
	{{2,4,6,8},{9,11,13,15}, {10,12,14,16},{1,3,5,7}} 

	{3,4,1,2},
	{{9,11,13,15},{10,12,14,16},{1,3,5,7}, {2,4,6,8}} 

	{4,1,2,3},
	{{10,12,14,16},{1,3,5,7}, {2,4,6,8},{9,11,13,15}} 
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