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1. Introduction

The submission of a candidate IMT-Advanced Radio Interface Technology should include link budgets for the full set of deployment scenarios (indoor hotspot, urban micro-cell, urban macro-cell, and rural macro-cell). This paper presents a proposed methodology to derive such link budgets, as well as preliminary results. 
2. IMT-Advanced Link Budgets

In M.2133 [2], ITU requests link budget tables for all five test environments. An example of the full table is presented in Appendix A. In a simplified form, the maximum available pathloss (Lpath) in the link budget may be expressed as:    

Lpath = 
PTx + Gant - Lfeeder  
{EIRP}

– (SNRreq + Pnoise + IoT) 
{PRx}

– Lindoor – Lfading + Ghandover 
{‘margins’}
 LISTNUM equ \l 4 
Where Ptx is the transmit power, Gant is the antenna gain, Lfeeder is the feeder loss, SNRreq is the required SNR at the receiver to reach the desired quality, Pnoise is the thermal noise power, IoT is the noise rise, Lindoor is the building or car penetration loss, Lfading is the shadow fading margin, and Ghandover is the handover gain.  In (1) these terms are grouped on different rows so that they together correspond to the Effective Isotropic Radiated Power (EIRP), required received power (PRx), and ‘margins’. The mapping is for the downlink. For the uplink the feeder loss would belong to the received power group.  
Note that Lpath should be calculated for a certain ‘cell area reliability’, e.g. 95%, meaning that the targeted quality should be available in 95% of a cell with a range given by the available pathloss. This implies that the parameters in (1) should represent a terminal at the 5th percentile of the quality distribution. 
For each test environment, link budgets should be calculated for both downlink and uplink, and for both data and control channels.

A number of parameters are left unspecified by the ITU. These include:

· The bitrate to be achieved on the data channels 

· The type of control channel to be evaluated

· The error rate on the control channel 

· The system load at which the link budget is to be calculated 

The proponent of a candidate technology hence has to make own assumptions on these parameters. 
3. Methodology
Some of the parameters included in the link budget are non-fixed, but either depend on the cell-range or other parameters. This makes it difficult assign generally applicable fixed values for those parameters. More specifically: 
· The position of users with poor quality depends on the cell range and the system load. At low load and for small cells, poor-quality-users are often at sector borders, whereas at low load and in large cells, these users are typically at the border between sectors of different sites. 

· The shadow fading margin and handover gain depends on cell range and system load 
· The noise rise (IoT) depends on cell range and system load

· The line-of-sight probability depends on the cell range

· The antenna gain depends on the position of poor-quality users. Users at sector borders typically do not have the maximum base station antenna gain. 

To capture these rather complex dependencies, a simulation-based methodology is used. Static snap-shot simulations are repeated for a set of cell-ranges. For each cell-range, the SINR per user is logged, and at the point where the an SINR corresponing to the targeted quality (determined by link simulations) is acheived with the desired cell area reliability, the maximum cell-range and hence maximum available pathloss has been found. Although this constitutes the end-result of the link budget, in order to be able to consistently fill in the link budget tables, also a set of other parameters are logged, specifically the IoT and the combined shadow fading margin and handover gain. 
The combined shadow fading margin and handover gain is defined as the difference between (i) the combination of max antenna gain (GAntMax), feeder loss (Lfeeder), the pathloss for non-LoS users at the cell range (LpathNLOS(range)), and the average building or in-car loss (LindoorAvg),  and (ii) the coupling loss for a terminal at the 5th percentile of the quality distribution (LC5):

(Lfading – Ghandover) = GAntMax – LFeeder – LpathNLOS(range) – LindoorAvg – LC5
 LISTNUM equ \l 4 
Where in turn the coupling loss for a terminal i, defined as LC(i) = PTx(i) - PRx(i), also includes the user-specific ‘random’ effects of shadow fading, variation of the building penetration loss, variation of the BS antenna gain, and the handover gain. 

LC(i) = PTx(i) – PRx(i) = GAnt(i) – LFeeder – Lpath(i) – Lindoor(i) – Lfading(i) 
 LISTNUM equ \l 4 
Hence, the fading margin includes the combination of these random effects for a user at the 5th percentile of the quality or SINR distribution. Thus, by including all these effects in this margin, in the link budget tables the antenna gain can be set to its maximum value, the building penetration loss set to its average, and 
Note that despite the fact that the combination of the random effects is typically negative, since not all users are non-LoS (propagation condition assumed for the reference path loss), it can happen that the combined shadow fading margin and handover gain is negative.  
4. Additional Models and Assumptions

In order to generate the desired results, some additional assumptions on items not covered by ITU guidelines are necessary. These are presented in Table 1. 
For simplicity, link level results for the traffic channels, PDSCH and PUSCH, are based on a Shannon channel capacity-like expression fitted to simulated results (1x2 for downlink and 1x4 for uplink). The achievable BPRE (bits per resource element) as a function of SNR per antenna is given by 


BPRE = fW · log2(1+SNR/fSNR)
 LISTNUM equ \l 4 
where fW = 0.85 for both downlink and uplink, and fSNR =  1.4 for downlink and  fSNR =  1 for uplink. Note that four receive antennas are used for the uplink. From the BPRE, the achievable bitrate is calculated based on the allocated number of RBs and assuming 144 resource elements per RB-pair in uplink and 120 in downlink. These simple generic link levels models could be replaced by simulations for the channels in question.
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Figure 1. Methodology – the required SINR for the targeted quality (e.g. error rate, Pe) is derived using link simulations, and the maximum cell range and load for which this SINR can be reached with the required cell area reliability is determined using system level simulations. Note that the maximum cell-range depends on the load. 
Table 1. Additional models and assumptions
	Test environment
	Indoor
	Microcellular
	Base coverage urban
	High speed

	Deployment scenario
	Indoor hotspot scenario
	Urban micro-cell scenario
	Urban macro-cell scenario
	Rural macro-cell scenario

	BS antenna 
	2D antenna used for simplicity (for 3D antenna downtilt depends on cell range)

	Handover margin 
	1dB
	1dB
	1dB
	1dB

	SF and LoS correlation between sites
	0
	0
	0
	0

	BS feeder loss
	2dB
	2dB
	2dB
	2dB

	User distribution
	Re-drop users within minimum distance
	Re-drop users within minimum distance
	Re-drop users within minimum distance
	Re-drop users within minimum distance

	PDSCH bandwidth
	100 RBs
	50 RBs
	50RBs
	50RBs

	PUSCH bandwidth
	10 RBs
	5 RBs
	5 RBs
	5 RBs

	Power control
	Full pathloss compensation (=1), For each cell range SNR target set so that 5% of terminals use full power

	Scheduler
	The use of static simulations, without multi-path fading, correspond to the use of a non-quality based scheduler, e.g. round-robin. 


Link budgets are calculated for an assumed load level of 50% and bitrate requirements of 1Mbps and 2 Mbps for downlink, and 0.1 and 0.2Mbps for uplink, except for the indoor case where the bitrates are doubled. Other or additional bitrate requirements and system load levels could be considered. 

The control channel part of the ITU link budget is here represented by the PDCCH in the downlink and the P-RACH in the uplink. For the PDCCH, an SNR requirement of -5.3dB per antenna for an error rate of 1% is assumed (format 1b, 8CCEs). For the PRACH and SNIR requirement of -13.2dB per receive antenna for an error rate of 1% is assumed (format 0).  

5. Results

Preliminary results based on the methodology described in Section 3 are presented in Appendices B - K for the different test environments. The results are on the format SINR, bitrate, IoT and combined shadow fading margin and handover gain as a function of path loss at the cell range. These results can be used to fill in link budget tables similar to the ones requested by the ITU.

As an example, the Indoor Micro scenario is covered in Appendix D (downlink) and E (uplink). In the downlink, a bitrate requirement of 2Mbps and a load of 50% are assumed. The upper right plot in Figure 4 directly reveals that the maximum pathloss at which this can be achieved is about 127dB. Alternatively, the upper left plot can be used to check when the SINR requirement corresponding to 2.0Mbps (-4.0dB) is reached. Also this occurs at 127dB. To derive consistent values for the noise rise (IoT) and the combined shadow fading margin and handover gain the other graphs are used. In the lower left plot it is seen that at 127dB path loss and 50% load, the IoT is about 6dB. Similarly, from the lower right plot, it is seen that the combined shadow fading margin and handover gain is about -1dB. In the table in Appendix D these values have been inserted along with the other (fixed) values, together resulting in a link budget yielding a maximum path loss of 126.7dB, i.e. consistent with the simulated results. 
This occurrence of negative fading margins (rare in other scenarios) is, as discussed in Section 4, explained by that the reference path loss is for non-LoS users.
Results for the uplink and for the other scenarios are derived in the same way.  
6. Summary

It is proposed to:

· Use a simulation-based methodology to derive the ITU link budgets

· Log ‘cell-range-dependent’ values (IoT, fading margin and handover gain) in simulator and use in link budget.
· Not necessarily include full simulation results in the submission to ITU, but verify that the values used in the tables are consistent with what is achieved in the ITU test environments.
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A. An Example Link Budget Table
	Item
	Downlink
	Uplink

	System configuration

	Carrier frequency (GHz)
	
	

	BS antenna heights (m)
	
	

	UT antenna heights (m)
	
	

	Cell area reliability(1) (%) (Please specify how it is calculated.)
	
	

	Transmission bit rate for control channel (bit/s)
	
	

	Transmission bit rate for data channel (bit/s)
	
	

	Target packet error rate for the required SNR in item (19a) for control channel
	
	

	Target packet error rate for the required SNR in item (19b) for data channel
	
	

	Spectral efficiency(2) (bit/s/Hz)
	
	

	Pathloss model(3) (select from LoS or NLoS)
	
	

	Mobile speed (km/h)
	
	

	Feeder loss (dB)
	
	

	Transmitter

	(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)
	
	

	(2) Maximal transmit power per antenna (dBm)
	
	

	(3) Total transmit power = function of (1) and (2) (dBm)

(The value shall not exceed the indicated value in Table 6 of Report 
ITU-R M.2135)
	
	

	(4) Transmitter antenna gain (dBi)
	
	

	(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)
	
	

	(6) Control channel power boosting gain (dB)
	
	

	(7) Data channel power loss due to pilot/control boosting (dB)
	
	

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	
	

	(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm
	
	

	(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm
	
	

	Receiver

	(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)
	
	

	(11) Receiver antenna gain (dBi)
	
	

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	
	

	(13) Receiver noise figure (dB)
	7
	5

	Item
	Downlink
	Uplink

	Receiver (cont.)
	
	

	(14) Thermal noise density (dBm/Hz)
	–174
	–174

	(15) Receiver interference density (dBm/Hz)
	
	

	(16) Total noise plus interference density

        = 10 log (10^(((13) + (14))/10) + 10^((15)/10))  dBm/Hz
	
	

	(17) Occupied channel bandwidth (for meeting the requirements of the traffic type) (Hz)
	
	

	(18) Effective noise power = (16) + 10 log((17)) dBm
	
	

	(19a) Required SNR for the control channel (dB) 
	
	

	(19b) Required SNR for the data channel (dB) 
	
	

	(20) Receiver implementation margin (dB)
	
	

	(21a) H-ARQ gain for control channel (dB)
	
	

	(21b) H-ARQ gain for data channel (dB)
	
	

	(22a) Receiver sensitivity for control channel

         = (18) + (19a) + (20) – (21a)  dBm
	
	

	(22b) Receiver sensitivity for data channel 

         = (18) + (19b) + (20) – (21b)  dBm
	
	

	(23a) Hardware link budget for control channel 

         = (9a) + (11) − (22a)   dB
	
	

	(23b) Hardware link budget for data channel 

          = (9b) + (11) − (22b)  dB
	
	

	Calculation of available pathloss

	(24) Lognormal shadow fading std deviation (dB)
	
	

	(25) Shadow fading margin (function of the cell area reliability and (24)) (dB) 
	
	

	(26) BS selection/macro-diversity gain (dB)
	
	

	(27) Penetration margin (dB)
	
	

	(28) Other gains (dB) (if any please specify)
	
	

	(29a) Available path loss for control channel 

         = (23a) – (25) + (26) – (27) + (28) – (12)   dB
	
	

	(29b) Available path loss for data channel 

          = (23b) – (25) + (26) – (27) + (28) – (12)   dB
	
	

	(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)
	
	

	(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)
	
	

	(31a) Coverage Area for control channel = (π (30a)2) (m2/site)
	
	

	(31b) Coverage Area for data channel = (π (30b)2) (m2/site)
	
	

	(1) 
Cell area reliability is defined as the percentage of the cell area over which coverage can be guaranteed. It is obtained from the cell edge reliability, shadow fading standard deviation and the path loss exponent. The latter two values are used to calculate a fade margin. Macro diversity gain may be considered explicitly and improve the system margin or implicitly by reducing the fade margin.

(2) 
The spectral efficiency of the chosen modulation scheme.

(3)  The pathloss models are summarized in Table 9 of Report ITU-R M.2135.


B. Indoor Hotspot – Downlink 

	InH DL 50% 
	1.0Mbps 
	2.0Mbps 
	CCH 

	Ptx 
	21.0dBm
	21.0dBm
	21.0dBm 

	Gant 
	0.0dB 
	0.0dB 
	0.0dB 

	Lfeeder 
	2.0dB 
	2.0dB 
	2.0dB 

	Lo2i 
	0.0dB 
	0.0dB 
	0.0dB 

	Lf+Gho (-)
	-7.1dB 
	-7.1dB 
	-7.1dB   

	Pnoise 
	-94.4dBm
	-94.4dBm
	-94.4dBm

	IoT  (-)
	0.0dB 
	0.1dB 
	0.1dB 

	SINRreq (-)
	-10.5dB 
	-7.3dB 
	-5.3dB  

	MaxPL (-)
	131.0dB 
	127.8dB 
	125.7dB  

	Range 
	327m 
	276m 
	247m  

	ISD 
	462m 
	390m 
	349m  
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Figure 2. Indoor hotspot, downlink.

C. Indoor Hotspot – Uplink 

	InH UL 50% 
	1.0Mbps 
	2.0Mbps 
	CCH 

	Ptx 
	20.9dBm
	21.0dBm
	NaNdBm 

	Gant 
	0.0dB 
	0.0dB 
	0.0dB 

	Lfeeder 
	2.0dB 
	2.0dB 
	2.0dB 

	Lo2i 
	0.0dB 
	0.0dB 
	0.0dB 

	Lf+Gho (-)
	-3.0dB 
	-1.5dB 
	NaNdB   

	Pnoise 
	-106.4dBm
	-106.4dBm
	-106.4dBm

	IoT  (-)
	0.4dB 
	0.6dB 
	NaNdB 

	SINRreq (-)
	-1.2dB 
	3.2dB 
	-13.2dB  

	MaxPL (-)
	129.2dB 
	123.1dB 
	NaNdB  

	Range 
	297m 
	215m 
	NaNm  

	ISD 
	420m 
	304m 
	NaNm  
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Figure 3. Indoor hotspot, uplink.

D. Urban Micro- Downlink

	UMi DL 50% 
	1.0Mbps 
	2.0Mbps 
	CCH 

	Ptx 
	41.0dBm
	41.0dBm
	41.0dBm 

	Gant 
	17.0dB 
	17.0dB 
	17.0dB 

	Lfeeder 
	2.0dB 
	2.0dB 
	2.0dB 

	Lo2i 
	26.3dB 
	26.3dB 
	26.3dB 

	Lf+Gho (-)
	2.1dB 
	-1.3dB 
	0.3dB   

	Pnoise 
	-97.5dBm
	-97.5dBm
	-97.5dBm

	IoT  (-)
	1.0dB 
	5.8dB 
	3.6dB 

	SINRreq (-)
	-7.3dB 
	-4.0dB 
	-5.3dB  

	MaxPL (-)
	131.4dB 
	126.7dB 
	128.6dB  

	Range 
	477m 
	357m 
	401m  

	ISD 
	826m 
	618m 
	695m  
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Figure 4. Urban Micro, downlink.

E. Urban Micro- Uplink

	UMi UL 50% 
	0.1Mbps 
	0.2Mbps 
	CCH 

	Ptx 
	24.0dBm
	24.0dBm
	24.0dBm 

	Gant 
	17.0dB 
	17.0dB 
	17.0dB 

	Lfeeder 
	2.0dB 
	2.0dB 
	2.0dB 

	Lo2i 
	26.3dB 
	26.3dB 
	26.3dB 

	Lf+Gho (-)
	2.1dB 
	1.8dB 
	2.3dB   

	Pnoise 
	-109.5dBm
	-109.5dBm
	-109.5dBm

	IoT  (-)
	0.7dB 
	1.2dB 
	0.3dB 

	SINRreq (-)
	-9.2dB 
	-5.9dB 
	-13.2dB  

	MaxPL (-)
	128.7dB 
	125.2dB 
	132.9dB  

	Range 
	404m 
	324m 
	525m  

	ISD 
	699m 
	561m 
	909m  
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Figure 5. Urban Micro, uplink.

F. Urban Macro - Downlink

	UMa DL 50% 
	1.0Mbps 
	2.0Mbps 
	CCH 

	Ptx 
	46.0dBm
	46.0dBm
	46.0dBm 

	Gant 
	17.0dB 
	17.0dB 
	17.0dB 

	Lfeeder 
	2.0dB 
	2.0dB 
	2.0dB 

	Lo2i 
	9.0dB 
	9.0dB 
	9.0dB 

	Lf+Gho (-)
	5.5dB 
	4.8dB 
	5.1dB   

	Pnoise 
	-97.5dBm
	-97.5dBm
	-97.5dBm

	IoT  (-)
	1.2dB 
	3.5dB 
	2.6dB 

	SINRreq (-)
	-7.3dB 
	-4.0dB 
	-5.3dB  

	MaxPL (-)
	150.1dB 
	145.2dB 
	147.1dB  

	Range 
	2191m 
	1637m 
	1833m  

	ISD 
	3795m 
	2836m 
	3175m  
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Figure 6. Urban Macro, downlink.
G. Urban Macro - Uplink

	UMa UL 50% 
	0.1Mbps 
	0.2Mbps 
	CCH 

	Ptx 
	24.0dBm
	24.0dBm
	24.0dBm 

	Gant 
	17.0dB 
	17.0dB 
	17.0dB 

	Lfeeder 
	2.0dB 
	2.0dB 
	2.0dB 

	Lo2i 
	9.0dB 
	9.0dB 
	9.0dB 

	Lf+Gho (-)
	6.4dB 
	6.5dB 
	6.3dB   

	Pnoise 
	-109.5dBm
	-109.5dBm
	-109.5dBm

	IoT  (-)
	0.3dB 
	0.5dB 
	0.1dB 

	SINRreq (-)
	-9.2dB 
	-5.9dB 
	-13.2dB  

	MaxPL (-)
	142.0dB 
	138.4dB 
	146.3dB  

	Range 
	1356m 
	1098m 
	1745m  

	ISD 
	2349m 
	1903m 
	3023m  
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Figure 7. Urban Macro, uplink.

H. Rural Macro - Downlink

	RMa DL 50% 
	1.0Mbps 
	2.0Mbps 
	CCH 

	Ptx 
	46.0dBm
	46.0dBm
	46.0dBm 

	Gant 
	17.0dB 
	17.0dB 
	17.0dB 

	Lfeeder 
	2.0dB 
	2.0dB 
	2.0dB 

	Lo2i 
	9.0dB 
	9.0dB 
	9.0dB 

	Lf+Gho (-)
	5.0dB 
	3.7dB 
	4.4dB   

	Pnoise 
	-97.5dBm
	-97.5dBm
	-97.5dBm

	IoT  (-)
	1.6dB 
	4.6dB 
	2.8dB 

	SINRreq (-)
	-7.3dB 
	-4.0dB 
	-5.3dB  

	MaxPL (-)
	150.2dB 
	145.2dB 
	147.6dB  

	Range 
	6971m 
	5185m 
	5974m  

	ISD 
	12074m 
	8980m 
	10348m  
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Figure 8. Rural Macro, downlink.

I. Rural Macro - Uplink

	RMa UL 50% 
	0.1Mbps 
	0.2Mbps 
	CCH 

	Ptx 
	24.0dBm
	24.0dBm
	24.0dBm 

	Gant 
	17.0dB 
	17.0dB 
	17.0dB 

	Lfeeder 
	2.0dB 
	2.0dB 
	2.0dB 

	Lo2i 
	9.0dB 
	9.0dB 
	9.0dB 

	Lf+Gho (-)
	5.2dB 
	5.0dB 
	5.2dB   

	Pnoise 
	-109.5dBm
	-109.5dBm
	-109.5dBm

	IoT  (-)
	0.7dB 
	1.3dB 
	0.2dB 

	SINRreq (-)
	-9.2dB 
	-5.9dB 
	-13.2dB  

	MaxPL (-)
	142.8dB 
	139.1dB 
	147.2dB  

	Range 
	4495m 
	3593m 
	5829m  

	ISD 
	7786m 
	6224m 
	10096m  
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Figure 9. Rural Macro, downlink.

J. Suburban Macro - Downlink

	SMa DL 50% 
	1.0Mbps 
	2.0Mbps 
	CCH 

	Ptx 
	46.0dBm
	46.0dBm
	46.0dBm 

	Gant 
	17.0dB 
	17.0dB 
	17.0dB 

	Lfeeder 
	2.0dB 
	2.0dB 
	2.0dB 

	Lo2i 
	20.0dB 
	20.0dB 
	20.0dB 

	Lf+Gho (-)
	0.4dB 
	-1.1dB 
	0.3dB   

	Pnoise 
	-97.5dBm
	-97.5dBm
	-97.5dBm

	IoT  (-)
	1.5dB 
	5.3dB 
	2.5dB 

	SINRreq (-)
	-7.3dB 
	-4.0dB 
	-5.3dB  

	MaxPL (-)
	143.9dB 
	138.3dB 
	141.0dB  

	Range 
	2548m 
	1831m 
	2151m  

	ISD 
	4413m 
	3171m 
	3726m  
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Figure 10. Suburban Macro, downlink.

K. Suburban Macro - Uplink

	SMa UL 50% 
	0.1Mbps 
	0.2Mbps 
	CCH 

	Ptx 
	24.0dBm
	24.0dBm
	24.0dBm 

	Gant 
	17.0dB 
	17.0dB 
	17.0dB 

	Lfeeder 
	2.0dB 
	2.0dB 
	2.0dB 

	Lo2i 
	20.0dB 
	20.0dB 
	20.0dB 

	Lf+Gho (-)
	1.2dB 
	1.5dB 
	1.2dB   

	Pnoise 
	-109.5dBm
	-109.5dBm
	-109.5dBm

	IoT  (-)
	0.3dB 
	0.7dB 
	0.1dB 

	SINRreq (-)
	-9.2dB 
	-5.9dB 
	-13.2dB  

	MaxPL (-)
	136.1dB 
	132.3dB 
	140.3dB  

	Range 
	1608m 
	1279m 
	2065m  

	ISD 
	2786m 
	2215m 
	3576m  
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Figure 11. Suburban Macro, downlink.














































