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This contribution was developed by IEEE Project 802, the Local and Metropolitan Area Network Standards Committee (“IEEE 802”), an international standards development committee organized under the IEEE and the IEEE Standards Association (“IEEE-SA”)*.

The content herein was prepared by a group of technical and regulatory experts in IEEE 802 and was approved for submission by the IEEE 802.18 Radio Regulatory Technical Advisory Group and the IEEE 802 Executive Committee, in accordance with the IEEE 802 Policies and Procedures, and represents the view of IEEE 802.
This contribution proposes to revise and further develop the “Working document toward a preliminary draft new Recommendation,” carried forward to this meeting in Document 8A/59-E, Attachment 6 and the Annexes thereto.  
The proposed revision proposes what we believe to be an appropriate protection criteria for WAS/RLAN stations in the primary allocations to the mobile service resulting from the adoption of Resolution 229 (WRC-03) by proposing changes to the text of recommends 1.  It also proposes to delete the “ TBD placeholder” text in the original Annex 1, and to add a new recommends 2, which points to a new Annex 1 containing a technical analysis of the impact of interference on WAS/RLAN performance which we believe justifies the protection criteria in the revised recommends 1.  
We reiterate our recognition that Resolution 229 (WRC-03) specifies that WAS/RLAN stations operating in the subject allocations in the mobile service may not cause interference to, and may not claim protection from, certain other services with primary allocations in the same bands.

However, WAS/RLAN stations in the mobile service in those bands are, as the identified application for a primary service allocation, entitled to protection from current and/or future services or applications with lower, or no, regulatory status.

In light of this, we believe that the development and approval of an ITU-R Recommendation specifying the protection criteria for these stations is a matter of some urgency because having such a recommendation is an essential component to affording appropriate protection to a primary service.

In that regard, we further note that Document 8A-9B/6, a liaison statement from Task Group 1/8 to the last meeting of JRG 8A-9B, also recognized that there is no established protection criteria for WAS/RLAN stations and that further studies would be necessary to determine an appropriate protection criteria to be used for sharing studies.  We believe that it is important to establish an appropriate protection criteria for WAS/RLAN systems operating under the provisions of Resolution 229 (WRC-03) in order to facilitate the work of Task Group 1/8.
IEEE 802 therefore hopes that this contribution will prove useful in stimulating productive discussion in Working Party 8A and it that will contribute in a positive way to the development of an appropriate protection criteria for WAS/RLAN systems operating under the provisions of Resolution 229 (WRC-03) and we would hope that administrations could agree to advance this working document to PDNR status after due consideration and discussion in this meeting.

(The following “marked up” pages replicate Document 8A/59-E, Attachment 6, including Annex 1 thereof, with our proposed changes, additions, deletions, and what we believe to be  several purely editorial corrections in the placement of some square brackets with changes marked.)


PROPOSED REVISION TO

WORKING DOCUMENT TOWARD A PRELIMINARY DRAFT 
NEW RECOMMENDATION

Protection criteria for wireless access systems, including 
radio local area networks, operating in the mobile 
service in the bands 5 150-5 250 MHz, 
5 250-5 350 MHz and 5 470-5 725 MHz
The ITU Radiocommunication Assembly,

considering

a)
that ITU has recognized that wireless access systems (WAS), including radio local area networks (RLANs) provide significant economic and societal benefits;

b)
that in recognition of the adoption of Resolution 229 (WRC-03)
, primary allocations were made to the mobile service in the bands 5 150-5 250 MHz, 5 250-5 350 MHz and 5 470-5 725 MHz for the implementation of WAS, including RLANs, as described in Recommendation ITU‑R M.1450;
c)
that WAS, including RLAN, stations in the mobile service in those bands are, as a consequence of the aforementioned action of WRC-03, entitled to protection from services or applications with lower regulatory status[, including operations under Article 4.4];
d)
that some administrations do not afford protection for WAS, including RLAN, stations in their national rules; 

e)
that some administrations may choose to afford protection for WAS, including RLAN, stations in their national rules;

f)
that for the purposes of carrying out sharing studies regarding services or applications with lower regulatory status, [including operations under Article 4.4,] the development of a Recommendation defining appropriate protection criteria for WAS, including RLAN, stations operating under the provisions of Resolution 229 (WRC-03) is desirable and appropriate,

recognizing

a)
that Resolution 229 (WRC-03) specifies that WAS, including RLAN, stations operating in the subject allocations in the mobile service may not cause interference to, and may not claim protection from, certain other services with primary allocations in the same bands;

b)
that any proposal for WAS, including RLAN, protection criteria should be reasonable;

c)
that some limited degree of interference or interference potential from services or applications with lower regulatory status[, including operations under Article 4.4,] must be tolerated by WAS, including RLAN, stations,

further recognizing

a)
that WAS, including RLAN, systems operating under the provisions of Resolution 229 (WRC-03) should not suffer significant data rate and/or range impairments as a result of interference from services or applications with lower regulatory status[, including operations under Article 4.4],

recommends

1
that the protection criteria for wireless access systems, including RLANs, operating in the mobile service under the provisions of Resolution 229 (WRC-03) (WAS/RLAN systems) should be as follows:
–
the maximum aggregate interference from services or applications from which WAS/RLAN systems are entitled to protection should be such that the degradation to a WAS/RLAN receiver’s sensitivity does not exceed 1.0 dB under free space propagation conditions (equivalently, the aggregate interference level should not exceed one-fourth of the thermal noise level of the WAS/RLAN receiver (-6dB I/N)).
2
that for additional information justifying this protection criteria Annex 1 can be referred to, which contains an analysis of the impact of this protection criteria on WAS/RLAN systems.
Annex 1
 
Technical analysis justifying the protection criteria for WAS/RLAN systems operating in the mobile service in the bands 5 150-5 250 MHz, 5 250-5 350 MHz and 5 470-5 725 MHz



1 
Analysis of typical WAS/RLAN range/data rate performance without interference
For typical WAS/RLAN system deployments, an appropriate path loss model is free space (r2) up to a breakpoint of 5 meters, and r4 after that.  This model offers a simple, but reasonably realistic approximation of  propagation at the frequencies in question in a typical modern indoor office environment consisting primarily of relatively open “cubicle” space with a variety of moderate obstructions and reflective surfaces. 
For WAS/RLAN systems operating under the provisions of Resolution 229 (WRC-03) the frequency of operation is approximately 5 GHz.  
As a representative system, for the sake of analysis, we model a system with 20 dBm transmit power, a 20 MHz bandwidth, a 5 dB noise figure, and 0 dBi antennas at both ends of the link between the WAS/RLAN transmitter and the intended receiver.
Given these basic system parameters, and the required S/N ratio to achieve various standard data rates, the achievable ranges at those various standard data rates without interference are given in Table 1.
	Rate
	Required S/N
	Range

	54
	25
	29.1

	48
	22
	34.6

	36
	19
	41.1

	24
	16
	48.8

	18
	13
	58.0

	12
	10
	68.9

	9
	8
	77.4

	6
	5
	91.9


Table 1: Achievable range vs. data rate without interference 
2 
Analysis of typical WAS/RLAN range/data rate degradation with interference
As pointed out in our original input contribution on this subject (Document 8A/45-E), a 5% reduction in the range at which a given data rate can be maintained compared to the non-interfered range achievable at the same data rate is considered to be an acceptable level of degradation for WAS/RLAN systems to tolerate from systems with lower, or no, regulatory status.  However, larger degradations in range, or reductions in rate at range, would be considered unacceptable because they would represent too large an adverse impact on system performance (technically and/or economically).

To determine what level of interference would result in a 5% reduction in range at standard data rates, we can calculate what reduction in signal power (this is equivalent to a rise in the noise floor since both result in a reduced link budget) would produce the required S/N at this reduced range.

	Rate
	Range Reduced by 5%
	Link budget reduction (dB)

	54
	27.6
	0.90

	48
	32.8
	0.90

	36
	39.0
	0.90

	24
	46.4
	0.88

	18
	55.1
	0.89

	12
	65.5
	0.89

	9
	73.5
	0.89

	6
	87.3
	0.90


Table 2: Range reduction vs.  link budget reduction
This reduction in the link budget can be related to an interference power in the following way.  Consider a receiver with a noise floor (based on the noise bandwidth and thermal noise) of N dB.  Imagine also that this receiver is subjected to a level of noise within that bandwidth at the level of I dB.  This interference, I dB, will lead to a rise in the noise floor of R dB above the thermal noise level of N dB.
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Using this expression we can relate the rise in the noise floor resulting in the 5% reduction in range to an equivalent amount of interference in the receiver, relative to the noise floor.  Those levels are:
	Rate
	Link budget reduction (dB)
	I/N (dB)

	54
	0.90
	-6.4

	48
	0.90
	-6.4

	36
	0.90
	-6.4

	24
	0.88
	-6.5

	18
	0.89
	-6.4

	12
	0.89
	-6.4

	9
	0.89
	-6.4

	6
	0.90
	-6.4


Table 3: Link budget reduction vs. I/N ratio
Thus, a 5% reduction range reduction at any standard WAS/RLAN data rate will result from an interfering signal about 6.5 dB below the noise floor.

2 
Analysis of the effects of different propagation models on the results
This same calculation can be repeated for different propagation models.  For instance, instead of r4 propagation we can use r3.2 propagation.
	Rate
	Required S/N
	Range
	Range Reduced by 5 %
	Link Budget Reduction (dB)
	I/N (dB)

	54
	25
	45.1
	42.9
	0.71
	-7.5

	48
	22
	56.0
	53.2
	0.72
	-7.4

	36
	19
	69.5
	66.0
	0.72
	-7.4

	24
	16
	86.3
	82.0
	0.71
	-7.5

	18
	13
	107.1
	101.7
	0.71
	-7.5

	12
	10
	132.8
	126.2
	0.71
	-7.5

	9
	8
	153.4
	145.7
	0.71
	-7.5

	6
	5
	190.4
	180.9
	0.71
	-7.5


Table 4: Range/rate degradation of 5% for path loss exponent = r3.2
Note that with the more optimistic propagation model the I/N ratio requirement has become more stringent by approximately 1.1 dB.

Using free space (r2) propagation gives the following results:
	Rate
	Required S/N
	Range
	Range Reduced by 5 %
	Link Budget Reduction (dB)
	I/N (dB)

	54
	25
	169.0
	160.6
	0.45
	-9.6

	48
	22
	238.8
	226.8
	0.45
	-9.6

	36
	19
	337.3
	320.4
	0.45
	-9.6

	24
	16
	476.4
	452.6
	0.45
	-9.6

	18
	13
	673.0
	639.3
	0.45
	-9.6

	12
	10
	950.6
	903.1
	0.45
	-9.6

	9
	8
	1196.8
	1136.9
	0.45
	-9.6

	6
	5
	1690.5
	1606.0
	0.45
	-9.6


Table 5: Range/rate degradation of 5% for path loss exponent = r2
In the case of the most optimistic propagation model (free space propagation) the required I/N ratio has become even more stringent.
3 
Summary of the results of the interference analysis

It can be seen from these results that if one assumes more optimistic (closer to free space) propagation models, the more the impact of interference sources on WAS/RLAN performance increases and the more negative the I/N ratio must be to keep the adverse effects on the WAS/RLAN system within acceptable bounds.
Since the model used in the initial example (free space (r2) up to a breakpoint of 5 meters, and r4 after that) is is typical for areas where large numbers of WAS/RLAN devices are being, and will increasingly be, deployed, and offers a less stringent I/N ratio compared to more optimistic propagation models (approaching free space propagation), it is believed to be reasonable to set the protection criteria for WAS/RLAN devices on the basis of the effects of interferers in that propagation environment.
It should also be noted that this protection criteria (-6 dB I/N ratio) is one that has precedent in the ITU-R, e.g. for radiodetermination systems (except for safety of life systems, which demand additional protection), and is considerably less stringent than the Fixed Satellite Service protection criterion which is a 1% increase in total system noise.
It thus seems appropriate that the WAS/RLAN systems identified by Resolution 229 (WRC-03) as the intended application of the primary allocation to the mobile service in the Resolution, should be afforded this level of protection from interference from services or applications with lower, or no, regulatory status.
____
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�	Formerly designated Resolution [COM5/16].
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