May 2010

IEEE P802.15-0271-00-004e

IEEE P802.15

Wireless Personal Area Networks

	Project
	IEEE P802.15 Working Group for Wireless Personal Area Networks (WPANs)

	Title
	Simplified Channel hopping for non-beacon PAN

	Date Submitted
	12  May, 2010

	Source
	Ben Rolfe, BCA 
Cristina Seibert, Silver Spring Networks
Will San Filippo, Silver Spring Networks DOCPROPERTY "Company"  \* MERGEFORMAT 

	[ben @ blindcreek.com] 
[cseibert @ silverspringnet.com]
[wills @ silverspringnet.com]



	Re:
	Task Group 15.4e: d1P802-15-4e_Draft_Standard, LB 53 Comment Resolution; Task group 15.4g:  d1P802-15-4g_Draft_Standard, LB51 Comment Resolution.

	Abstract
	Proposed comment resolution, providing a description of simplified channel hopping for non-beacon networks without global synchronization. 

	Purpose
	Resolve comments from LB53 and LB51.

	Notice
	This document has been prepared to assist the IEEE P802.15.  It is offered as a basis for discussion and is not binding on the contributing individual(s) or organization(s). The material in this document is subject to change in form and content after further study. The contributor(s) reserve(s) the right to add, amend or withdraw material contained herein.

	Release
	The contributor acknowledges and accepts that this contribution becomes the property of IEEE and may be made publicly available by P802.15.


Simplified Channel hopping for non-beacon PAN

Introduction and Purpose

This submission provides proposed text to resolve comments submitted during LB53 on d1P802-15-4e_Draft_Standard.  The purpose is to address channel hopping without global synchronization of the PAN in support of the draft PHY amendment P802.15.4g.

The channel hopping methods proposed in the P802.15.4e draft depend on global synchronization of the WPAN, either by use of periodic beacons, or by a means to ensure all devices share common time.  The current methods in P802.15.4e are optimized for PHYs with a small number of available channels compared to the PHYs defined in P802.15.4g, and are optimized for different topologies. In the wide area mesh architecture which is widely used for the SUN application, a method to support channel hopping that does not require global synchronization is preferred. 

This submission provides a simplified channel hopping method that supports the requirements of the P802.15.4g PHYs operating in non-beacon enabled PANs, referred to as Non-Beacon Simplified Channel Hopping (NBSCH).  The proposed method provides the means for a next higher layer (NHL) entity to manage hopping in an efficient manner, and meet regulatory constraints as are required in some bands and regions. Note that regulatory compliance is not the responsibility of P802.15.4, and as such the standard does not assure that an implementation complies with local regulations. The methods here provide to the NHL the means by which known constraints can be complied with. 

Editorial instructions are given in italics. 

Proposed Text for P802.15.4e Draft

3 Definitions

Insert in alphabetical order the following definitions:

Slot Time: for NBSCH, the nominal time a device stays on the channel before moving to the next channel in the hopping sequence. It includes the time to switch from one channel to another.

Insert the sub-clause after 5.5.6
5.5.7 Channel hopping in non-beacon PANs
Non-Beacon Simplified Channel Hopping (NBSCH) allows devices within a wide-area mesh network to use channel hopping without requiring global synchronization, a global hopping sequence, a global slot time or a fixed transmission time within the slot. This mode enables the deployment of large scale mesh networks such as for the Smart Grid, in a cost effective manner, and with low complexity. Additional information can be found in Annex M.8.

7.1.1.2 MCPS-DATA.confirm

Add to description of Timestamp in table 42: 
	Timestamp
	Integer
	0x000000–0xffffff
	Optional. The time, in symbols, at which the data were transmitted (see 7.5.4.1).
For devices implementing NBSCH, the Timestamp shall be implemented.

The value of this parameter will be

considered valid only if the value of the

status parameter is SUCCESS; if the

status parameter is not equal to

SUCCESS, the value of the Timestamp

parameter shall not be used for any other

purpose. The symbol boundary is

described by macSyncSymbolOffset (see

Table 86 in 7.4.1).
This is a 24-bit value, and the precision of

this value shall be a minimum of 20 bits,

with the lowest 4 bits being the least

significant.


7.1.1.3 MCPS-DATA.indication

Add to description of Timestamp in table 43:

	Timestamp
	Integer
	0x000000–0xffffff
	Optional. The time, in symbols, at which the data were transmitted (see 7.5.4.1).
For devices implementing NBSCH, the Timestamp shall be implemented.

The value of this parameter will be

considered valid only if the value of the

status parameter is SUCCESS; if the

status parameter is not equal to

SUCCESS, the value of the Timestamp

parameter shall not be used for any other

purpose. The symbol boundary is

described by macSyncSymbolOffset (see

Table 86 in 7.4.1).
This is a 24-bit value, and the precision of

this value shall be a minimum of 20 bits,

with the lowest 4 bits being the least

significant.


7.4.2.8 NBSCH specific PIB attributes 

Add attributes table containing:

1. macNBSCHcapable, set to TRUE if a device supports NBSCH, and set to FALSE otherwise
2. macNBSCHSwitchTime, the time it will take the implementation to switch from one channel to another (read only).

3. macNBSCHClockAccuracy, the clock accuracy/stability (read only). 

NOTE: Add to informative text in Annex “M” (new annex for 15.4e). The section numbering may change when integrated into the annex; the following is based on numbering in draft 1.

M.8 Non-Beacon Simplified Channel Hopping

This sub-clause describes a method for Non-Beacon Simplified Channel Hopping (NBSCH) which is optimized for a wide-area mesh network, where channel hopping is required and it is preferred to operate without requiring global synchronization. 
M.8.1 Synchronization 

When NBSCH is in use, global synchronization of the PAN is not necessary. Relative synchronization between peer devices is achieved without the use of beacons or synchronization to a global time source. 
Two devices can communicate with relative synchronization between the devices forming the link. The timing information communicated is always “synchronized” to a known point in the frame. Given the frame reception time in the MCPS-Data.indication and the timing information in the frame, upper layers can calculate the offset between the local device and the neighbor from which the data packet was received. The reception time is always referenced to a known point in the incoming data packet (see macSyncSymbolOffset in sub-clause 7.4.2). 

Devices using NBSCH will send to peer devices a packet that contains the offset into the hopping sequence, or sequence ‘tick’, which is synchronized to the known point in the transmitted packet.  This allows a receiving device to determine the sequence start time of device (relative to the receiving devices local clock) by taking the receive time of the frame (timestamp in the MCPS-Data.indication) and subtracting sequence offset time from it. 

M.8.2 Channel Hopping in non-beacon PANs
The NBSCH is intended to operate with a large number of channels for channel hopping.  Each channel in a node’s hopping sequence is visited for a nominal amount of time called the slot time. If no reception is heard during the slot time, the node changes to the next channel in its hopping sequence. If a valid reception is heard (e.g. the start frame delimiter is received), channel hopping stops so that the reception can be processed. 

When a frame is to be transmitted, channel hopping stops and the frame is sent on the channel that the receiver is monitoring at that particular time, or on some broadcast channel as specified by the NHL. Channel hopping resumes (from where it would have been had no transmit/reception occur) once the transaction ends.

M.8.2.1 Hopping sequence 

Hopping sequences are assigned and managed by the NHL. 

In order for two devices to communicate, they must know the other’s hopping sequence. One way for devices to know each other’s sequence is to exchange an ordered list of channel numbers and the band(s) to which each channel belongs. 
Submission: NBSCH
Page 

Rolfe, Seibert, San Filippo DOCPROPERTY "Company"  \* MERGEFORMAT 

