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Introduction

As noted from the evaluation criteria status update [C802.20-05/04], section 11 on link budget needs further clarification. This contribution proposes updates to the text for sections 11 and 13 to provide a more complete description of the evaluated metric, and to include explanatory notes for the link budget template.

As specified in the 802.20 system requirements document, the 802.20 technology has to support deployment in a cellular structure, such as macro, micro or pico-cells. Thus, it is informative to evaluate the cell edge characteristics of the proposed technology, e.g., the maximum data rate that can be supported at the edge of a suburban macro, urban macro or micro cell, and the corresponding approximate size of the cell sites. Maximum data rate supportable at the cell edge should be provided through link budget analysis using the link budget template in Section 11. 
Proposed updates to the current text: 
11. Link Budget
Option 1:
The link budget template as adopted from ITU-R M.1225 with slight modifications in Table 11.1 should be used for computing the link budget under the following cellular test environments:

a. Suburban Macro

b. Urban Macro

c. Urban Micro 

d. Indoor Pico

The corresponding path loss model as described in the 802.20 channel models document should be used for path loss computation. 

The maximum information data rate at the cell boundary that is supported by the proposed technology is used in the link budget computation to determine the corresponding maximum range or cell size that can be achieved by the technology.

Required Eb/(No+Io) for the corresponding information data rate at the target BER should be taken from the simulation results using the channel models case I-IV, as specified in the 802.20 channel models document.

The target BER used in the link budget evaluation is stated in section 10.1.2.

Option 2:  (Alternate Text contributed by: Mike Youssefmir via email reflector, Feb 22, 2005)

The link budget template as adopted from ITU-R M.1225 with slight modifications is given in Table 11.1. Entries that have explicit numerical values in the table (such as power levels, cable losses, etc) shall be used by proponents in their respective system simulations. Proponents may provide informative values for other entries in the table (such as diversity gain, soft handoff gain etc) as they may pertain to their respective technology.
Option 3: Delete the paragraph: “The maximum information…by the technology” in option 1.
	id/ii
	Item
	Downlink
	Uplink

	
	Test environment
	Suburban/urban macro-cell, micro-cell, indoor pico-cell
	Suburban/urban macro-cell, micro-cell, indoor pico-cell

	
	Operating frequency
	1.9GHz
	1.9GHz

	
	Test service
	
	

	
	Multipath channel class
	Cases I-IV
	Cases I-IV

	ii/id
	(a0)
Average transmitter power per traffic channel

	dBm
	dBm

	id
	(a1)
Maximum  transmitter power per traffic channel
	dBm
	dBm

	id
	(a2)
Maximum total transmitter power


	43 dBm/MHz

	27dBm

	ii
	(b)
Cable, connector, and combiner losses (enumerate sources)
	3 dB
	0 dB

	
	Body Losses
	0 dB
	3 dB

	ii
	(c)
Transmitter antenna gain
	17 dBi
	0 dBi

	id
	(d1)
Transmitter e.i.r.p. per traffic channel  (a1 – b  c)
	dBm
	dBm

	id
	(d2)
Total transmitter e.i.r.p.  (a2 – b  c)
	57 dBm
	27 dBm

	
	Penetration Loss (Ref: 3GPP2)

[Determine how to use these numbers for different environments, revisit if 20dB is a reasonable value for building penetration)]
	20 dB (Building)

10 dB (Vehicular)
	20 dB (Building)

10 dB (Vehicular)

	ii
	(e)
Receiver antenna gain
	0 dBi
	17 dBi

	ii
	(f)
Cable and connector losses
	0 dB
	3 dB

	
	Body Losses
	3 dB
	0 dB

	ii
	(g)
Receiver noise figure
	10 dB
	5 dB

	ii
	(h)
Thermal noise density

(H)
(linear units)
	–174 dBm/Hz

3.98  10–18 mW/Hz
	–174 dBm/Hz

3.98  10–18 mW/Hz

	id
	(i)
Receiver interference density (NOTE 1) 

(I)
(linear units)
	dBm/Hz

mW/Hz
	dBm/Hz

mW/Hz

	id
	(j)
Total effective noise plus interference density

 10 log (10((g  h)/10)  I)
	dBm/Hz
	dBm/Hz

	ii
	(k)
Information rate (10 log (Rb))
	dB(Hz)
	dB(Hz)

	id
	(l)
Required Eb/(N0  I0)
	dB
	dB

	id
	(m)
Receiver sensitivity = (j  k  l)
	
	

	id
	(n)
Hand-off gain
	dB
	dB

	id
	(o)
Explicit diversity gain 
	dB
	dB

	id
	(o)
Other gain
	dB
	dB

	id
	(p)
Log-normal fade margin 
	dB
	dB

	id
	(q)
Maximum path loss

 {d1 – m  (e – f)   o  n  o – p}
	dB
	dB

	id
	(r)
Maximum range 
	m
	M


Editor: 
Note: Peak power is equivalent to maximum power according to ITU ITURM1225, see A.3.2.2.1
For definition of maximum power and average power refer to ITURM1225-9709 pp 30-31;i.e.









	NOTES to Table 11.1:


	NOTE 1 – Since the significance and method of calculating this value will vary from RTT to RTT, the proponent must give a detailed explanation of their method for calculating this value and its significance in determining capacity and coverage of the RTT. In particular, the proponent must state explicitly what frequency reuse ratio and traffic loading per sector are assumed in determining this quantity. Interference has to be evaluated for the specified low traffic level given for each test environment. 

The following sections provide descriptions of the individual link budget template items. Descriptions apply to both forward and reverse links unless specifically stated otherwise. For the forward link the base station is the transmitter and the mobile station the receiver. For the reverse link the mobile station is the transmitter and the base station the receiver. 
id:  Implementation dependent 

ii:   Implementation independent
(a0)
Average transmitter power per traffic channel (dBm) 

The average transmitter power per traffic channel is defined as the mean of the total transmitted power over an entire transmission cycle with maximum transmitted power when transmitting. 

(a1)
Maximum transmitter power per traffic channel (dBm) 

Maximum transmitter power per traffic channel is defined as the total power at the transmitter output for a single traffic channel. A traffic channel is defined as a communication path between a mobile station and a base station used for user and signalling traffic. The term traffic channel implies a forward traffic channel and reverse traffic channel pair. 

(a2)
Maximum total transmitter power (dBm) 

Maximum total transmit power is the aggregate maximum transmit power of all channels. 

(b)
Cable, connector, and combiner losses (transmitter) (dB) 

These are the combined losses of all transmission system components between the transmitter output and the antenna input (all losses in positive dB values). The value is fixed in the template. 

(c)
Transmitter antenna gain (dBi) 

Transmitter antenna gain is the maximum gain of the transmitter antenna in the horizontal plane (specified as dB relative to an isotropic radiator). The value is fixed in the template. 

(d1)
Transmitter e.i.r.p. per traffic channel (dBm) 

This is the summation of transmitter power output per traffic channel (dBm), transmission system losses (–dB), and the transmitter antenna gain (dBi), in the direction of maximum radiation.

d2)
Transmitter e.i.r.p. (dBm) 

This is the summation of the total transmitter power (dBm), transmission system losses (–dB), and the transmitter antenna gain (dBi). 

(e)
Receiver antenna gain (dBi) 
Receiver antenna gain is the maximum gain of the receiver antenna in the horizontal plane (specified as dB relative to an isotropic radiator). 

(f)
Cable, connector, and splitter losses (receiver) (dB) 
These are the combined losses of all transmission system components between the receiving antenna output and the receiver input (all losses in positive dB values). The value is fixed in the template. 

(g)
Receiver noise figure (dB) 

Receiver noise figure is the noise figure of the receiving system referenced to the receiver input. The value is fixed in the template. 

(h), (H)
Thermal noise density, N0 (dB(m/Hz)) 

Thermal noise density, N0, is defined as the noise power per Hertz at the receiver input. Note that (h) is logarithmic units and (H) is linear units. The value is fixed in the template.

	


	(i), (I)
Receiver interference density  I0 (dBm/Hz)
Receiver interference density is the interference power per Hertz at the receiver front end. This is the in-band interference power divided by the system bandwidth. The in-band interference power consists of both co-channel interference as well as adjacent channel interference. Thus, the receiver and transmitter spectrum masks must be taken into account. Note that (i) is logarithmic units and (I) is linear units. Receiver interference density I0 for forward link is the interference power per Hertz at the mobile station receiver located at the edge of coverage, in an interior cell.
(j)
Total effective noise plus interference density (dBm/Hz)
Total effective noise plus interference density (dBm/Hz) is the logarithmic sum of the receiver noise density and the receiver noise figure and the arithmetic sum with the receiver interference density, i.e:
j    10 log (10((g  h)/10)  I)

(k)
Information rate (10 log Rb) (dB(Hz))
Information rate is the channel bit rate in (dB(Hz)); the choice of Rb must be consistent with the Eb assumptions.
(l)
Required Eb /(N0  I0) (dB)

The ratio between the received energy per information bit to the total effective noise and interference power density needed to satisfy the quality (BER) objectives specified in section 10.1.2 under condition of channel model cases I-IV. Power control should not exceed the ceiling established by the sum of the log-normal fade margin plus hand-off gain. Diversity gains included in the Eb /(N0  I0) requirement should be specified here to avoid double counting. The translation of the threshold error performance to Eb /(N0  I0) performance depends on the particular multipath conditions assumed.
(m)
Receiver sensitivity (j  k  l) (dBm)
This is the signal level needed at the receiver input that just satisfies the required Eb /(N0  I0).
(n)
Hand-off gain/loss (dB)
This is the gain/loss factor ( or –) brought by hand-off to maintain specified reliability at the boundary. Assume equal average loss to each of the two cells. The hand-off gain/loss shall be calculated for 50% shadowing correlation. The proponent must state explicitly the other assumptions made about hand-off in determining the hand-off gain.
(o)
Explicit diversity gain (dB)
This is the effective gain achieved using diversity techniques. It should be assumed that the correlation coefficient is zero between received paths. Note that the diversity gain should not be double counted. For example, if the diversity gain is included in the Eb /(N0  I0) specification, it should not be included here.
(o)
Other gain (dB)
An additional gain may be achieved due to future technologies. For instance, space diversity multiple access (SDMA) may provide an excess antenna gain. Assumptions made to derive this gain must be given by the proponent.
(p)
Log-normal fade margin (dB)
The log-normal fade margin is defined at the cell boundary for isolated cells. This is the margin required to provide a specified coverage availability over the individual cells.
(q)
Maximum path loss (dB)
This is the maximum loss that permits minimum RTT performance at the cell boundary:
Maximum path loss  d1 – m  (e – f)  o  o  n – p

(r)
Maximum range (km)
The maximum range is computed for each deployment scenario. Maximum range, Rmax, is given by the range associated with the maximum path loss. The equations to determine path loss are given in the 802.20 channel models document.


Add a new subsection in Section 13: “Output metrics” - 

Option 1:

13.2 Coverage & Cell boundary data rate


The maximum data rate that can be supported at the cell boundary at 90% coverage, as indicated by the appropriate log-normal fade margin, should be provided together with the corresponding maximum range.
Option 2: 

No need for the new section based on the alternative text as proposed by Mike for section 11: link budget.

Option 3:
13.2 Maximum range

The maximum range corresponding to a data rate of 128 kbps (TBD) should be computed using the link budget template for the various cellular test environments: suburban macro, urban macro and micro, and indoor pico, using channel models as described in the IEEE 802.20 channel models document.
