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Introduction
The Table below shows an excerpt from P802.22.1-D2.pdf [1], from subclause 6.1.4, page 18, line 6.  This table contains receiver sensitivity definitions used later in the document.  
[image: image1.emf]
There were four comments that addressed this table, primarily around the definition of a packet.  These comments and the commenter’s proposed remedies are collected in the table below.
	Comment #
	Comment
	Proposed Remedy

	56
	In table 2 row 2 column 2: packets is undefined, it should be consistent with column 3 (PSDU)
	change "packets" to "PSDU packets"

	159
	In Table 2, "PSDU length = 120 octets" should have one typo.
	"PSDU length = 101 octets"

	160
	"In Table 2:

What is the complete condition of calculating the PER?"
	none

	401
	For the definition of PER, we need to have a definition of packet.
	Provide the definition of packet in Section 4. Or use another term for this packet.


Discussion
It is noted that the current version of the draft is lacking in several areas regarding packet definition.  First, there are six distinct types of packets that can be identified within the 802.22.1 superframe.  These are the sync word, the index, the beacon data (MSF1), the signature (MSF2), the certificate (MSF3), and the RTS/ANP.  These are broken up into separate packets here because they have different PHY attributes or are used differently.  The sync word is just a PN sequence that is used to establish timing and indicate the start of a sync burst to help sensing radios find the index packet.  The index packet itself aids sensing receivers in synchronizing to the beginning of the TG1 superframe, and it is protected by a (15,7) linear block code.  The beacon data, MSF1 in the beacon channel, is comprised of the data-base-like data relevant to the sensing receivers and is protected by a rate-1/2 convolutional code.  The signature over MSF1 is contained in MSF2 and is not protected by any error control coding.  The certificate, in MSF3, need only be captured if there is no backhaul access to look up the certificate corresponding to the protecting device’s MAC address (contained in MSF1).  Lastly, the RTS/ANP packet occupies both the sync and beacon channel without any error protection.  All of these packets have different durations and different error protection strengths, hence they will exhibit different sensitivity performance.
The sensitivity definitions are then applied in subclause 6.8.6.  Here Gaussian channel sensitivities are given for MSF1, 2 and 3 but not for the sync burst or RTS/ANP.  The sensitivities given in 6.8.6 are based on the calculations shown in Annex C of [1], which assumes a two-ray 4th law propagation model with an additional 32 dB of shadowing and fading, and simulation results from [2].  This results in a 31 dBm transmit signal (250 mW + 7 dBi antenna gain) being received at around ‑100 dBm.  Note the nominal noise floor should be around ‑174 dBm/Hz + 10 log 77 kHz + 7 dBNF = -118.1 dBm, and chip SNRs for MSF1 at 1% PER have been simulated to be around -2.3 dB, indicating a sensitivity of around -120.4 dBm for ideal conditions.  The relative performances of the different types of packets for 1% and 10% packet error rates are shown below [2].
	SNR
	PN sequence
	Index
	MSF1
	MSF2
	MSF3
	RTS/ANP

	10% PER
	-4 dB
	-4 dB
	-3.5 dB
	4.1 dB
	3.8 dB
	-3 dB

	1% PER
	-2 dB
	-1.5 dB
	-2.3 dB
	5.5 dB
	5.2 dB
	0 dB

	Relative to 1% MSF1 PER
	0.3 dB
	0.8 dB
	0 dB
	7.8 dB
	7.5 dB
	2.3 dB


Implementation losses due to frequency offsets, non-ideal matched filters and the like, will result in degraded sensitivities.  The worst performing packet is the MSF2 packet due to its length and lack of error protection.  The nominal sensitivity would then be -118.1 dBm + 5.5 dB = -112.6 dBm.   A sensitivity of -100 dBm would allow up to 12 dB of implementation losses. 

Proposed Text
Table 2 --- Receiver Sensitivity Definitions (proposed)

	Term
	Definition of term
	Conditions

	Packet
	One sync word, one index, one MAC subframe of the beacon channel, or one RTS/ANP burst.
	-- Sync word packet = 15 bits

-- Index packet = 15 bits 

-- MSF1 beacon packet = 17 bytes

-- MSF2 beacon packet = 51 bytes

-- MSF3 beacon packet = 33 bytes
-- RTS/ANP burst packet = 1 byte

	Packet error rate (PER)
	Average fraction of transmitted packets that are not correctly received.
	Averaged over 10000 superframes in a Gaussian channel with structured MAC sync channel data and random MAC beacon channel data. 

	Sensitivity
	Threshold input signal power that yields a specified PER.
	-- PER = 1%

-- Power measured at antenna terminals

-- Sensitivities of different packet types will differ due to packet sizes and coding strength (6.8.6).


<<Note for editor: A revised Table 2 is shown above.  A new row has been added for the definition of “packet,” and some of the existing conditions have been changed.  The packet sizes are all given, and a number of superframes to perform the measurement over is also given (10000 superframes, to yield approximately 100 packet errors at a 1% PER.).  The channel is also described more accurately as “Gaussian” rather than static with no interferers.>>
<<New text for subclause 6.8.6 shown underlined>>

Under the conditions specified in 6.1.4, 1% PER Gaussian channel sensitivity for the sync word, the index, and MSF 1 shall be no worse than ‑107 dBm, and shall be no worse than ‑106 dBm for the RTS/ANP burst.  The 1% PER Gaussian channel sensitivity for both MSF 2 and MSF 3 shall be no worse than ‑100 dBm. This difference in sensitivities is due to the omission of error protection redundancies in MSF 2 and 3 to minimize the overall sensing dwell time.
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Abstract


This document responds to comments 56, 159, 160 and 401 regarding definition of packets and packet error rates.  There are several new definitions of packets provided, along with simulation results to justify the sensitivity values.  An implementation loss of up to 12 dB beyond the nominal 7 dB NF assumption is accommodated in the sensitivity numbers.
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