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1 Introduction
This document looks at the coexistence scenario between two TDD E-UTRA systems of asymmetrical bandwidth.

2 ACLR Assumptions

In order to look at the coexistence between two systems, the ACIR at different frequency separations needs to be defined.  In TR36.942 version 1.1.0 [1], the ACIR is assumed to be dominated by ACLR, where the ACLR is described in Table 1.  Here X is the simulation step size and BAggressor is the E-UTRA aggressor’s bandwidth (calculated as number of RB × 375 kHz).
Table 1: ACLR model in TR36.942 [1]

	E-UTRA Aggressor
	Separation (Num RB)
	ACLR dB/ BAggressor

	System Bandwidth
	Bandwidth (Num RB)
	
	

	5 MHz
	4 RB (4 × 375 kHz)
	Less than 4 RB
	30 + X

	5 MHz
	4 RB (4 × 375 kHz)
	Above 4 RB
	43 + X

	10 MHz
	8 RB (8 × 375 kHz)
	Less than 8 RB
	30 + X

	10 MHz
	8 RB (8 × 375 kHz)
	Above 8 RB
	43 + X


The assumption made here is that the ACLR is 13 dB better when it is separated by more than the aggressor’s bandwidth BAggressor.  Using the same assumption, the E-UTRA ACLR for 15 MHz and 20 MHz are modelled using a bandwidth BAggressor of 12 RB and 16 RB respectively.  Here, 3 UEs are also assumed to occupy the entire system bandwidth and hence each UE takes 12 RB and 16 RB for E-UTRA system bandwidth of 15 MHz and 20 MHz respectively.  The ACLR for 15 MHz and 20 MHz E-UTRA are summarised in Table 2.  These assumptions are similar to that made in [2].
Table 2: ACLR assumption for 15 MHz and 20 MHz TDD E-UTRA

	E-UTRA Aggressor
	Separation (Num RB)
	ACLR dB/ BAggressor

	System Bandwidth
	Bandwidth (Num RB)
	
	

	15 MHz
	12 RB (12 × 375 kHz)
	Less than 12 RB
	30 + X

	15 MHz
	12 RB (12 × 375 kHz)
	Above 12 RB
	43 + X

	20 MHz
	16 RB (16 × 375 kHz)
	Less than 16 RB
	30 + X

	20 MHz
	16 RB (16 × 375 kHz)
	Above 16 RB
	43 + X


2.1 Aggressor with Larger System Bandwidth

In this section, we look at an E-UTRA aggressor that has a larger bandwidth than that of the E-UTRA victim.  Since the ACLR of the aggressor is measured in the aggressor’s bandwidth, the victim UE having smaller bandwidth will receive a fraction of the interference power for the same max aggressor’s transmit power.  For two victims UE falling within the 1st ACLR of the aggressor, the victim UE closer in frequency to the aggressor will experience more interference than one that is further away.  The difference in interference power between these two victim UEs is dependent upon the roll off of the filter used by the aggressor.  Since no filter is assumed for the E-UTRA aggressor, we assume that the Power Spectral Density (PSD) is flat across BAggressor.  Since the larger bandwidth of the aggressor has a lower PSD than that of the victim using a smaller bandwidth, the ACLR measured at the victim bandwidth is normalised by factor, FACLR:
FACLR = 10 × LOG10(BAggressor/BVictim)

Where, BVictim is the E-UTRA victim bandwidth.
We will focus on the aggressor UE that is adjacent to the victim operating bands.  For aggressor UE that is non adjacent to victim UE, the ACLR is simply 43 + X - FACLR.  Figure 1, Figure 2 and Figure 3 show the ACLR from a 20 MHz E-UTRA aggressor adjacent to 3 victim UEs of 5 MHz, 10 MHz and 15 MHz E-UTRA systems respectively.  
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Figure 1: 20 MHz E-UTRA aggressor to 5 MHz E-UTRA victim
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Figure 2: 20 MHz E-UTRA aggressor to 10 MHz E-UTRA victim
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Figure 3: 20 MHz E-UTRA aggressor to 15 MHz E-UTRA victim

As shown in Figure 1, all the UEs in the 5 MHz E-UTRA system will be affected by an ACLR of 30 + X - FACLR.  In the 10 MHz E-UTRA victim as shown in Figure 2, two UEs will be affected by an ACLR of 30 + X - FACLR whilst 1 UE will be affected by a less severe ACLR of 43 + X- FACLR .  In the 15 MHz E-UTRA victim as shown in Figure 3, the UE next to the band edge will be affected by an ACLR of 30 + X - FACLR whilst the UE farthest from the band edge will be affected by an ACLR of 43 + X - FACLR.  The victim UE of the 15 MHz E-UTRA occupying the centre RB (2nd from band edge) is affected by 1/3 ACLR of 30 + X - FACLR and 2/3 ACLR of 43 + X - FACLR.  This gives an ACLR of 34 + X - FACLR.
Using a similar approach for 15 MHz, 10 MHz and 5 MHz aggressor with a victim of smaller system bandwidth, the ACLR affecting each of the 3 victim UEs can be determined.  This is summarised in Table 3.  Here the value Y is defined for victim UE, where ACLR = Y + X - FACLR.  UE1 is the UE adjacent to the aggressor, UE2 is located at the centre and UE3 is furthest away from the aggressor.
Table 3: Value Y (ACLR = Y + X - FALCR) for larger aggressor bandwidth
	Aggressor
	Victim: Value Y (dB): ACLR = (Y + X - FACLR) measured over BVictim 

	
	15 MHz
	10 MHz
	5 MHz
	1.6 MHz

	
	UE1
	UE2
	UE3
	UE1
	UE2
	UE3
	UE1
	UE2
	UE3
	UE1
	UE2
	UE3

	20 MHz
	30
	34
	43
	30
	30
	43
	30
	30
	30
	30
	30
	30

	15 MHz
	
	
	
	30
	32
	43
	30
	30
	30
	30
	30
	30

	10 MHz
	
	
	
	
	
	
	30
	30
	43
	30
	30
	30

	5 MHz
	
	
	
	
	
	
	
	
	
	30
	30
	30


In [3] and [4], it is concluded that the throughput loss (average and 5% CDF) are the same for two scenarios if the systems (aggressor and victim) bandwidths in both scenarios are scaled version of each other.  Hence, from Table 3, there are only 4 distinct scenarios that need to be looked at.  To reduce the number of simulations, the Y value for UE2 for 20 MHz (aggressor) – 15 MHz (victim) and 15 MHz (aggressor) – 10 MHz (victim) is assumed to be the worst of the two or 32 dB, thereby reducing to only 3 scenarios.  The simulation scenarios are summarised in Table 4.  Here, FACLR is set to 0 dB so that the other cases in Table 3 can be derived from these 3 scenarios (Table 4) by factoring FACLR into the final ACLR.
Table 4: Simulation scenarios (FACLR = 0 dB)
	Scenario
	System Bandwidth (MHz)
	Value Y (dB), ACLR = Y + X

	
	Aggressor
	Victim
	UE1
	UE2
	UE3

	1
	15
	10
	30
	32
	43

	2
	20
	10
	30
	30
	43

	3
	20
	5
	30
	30
	30


2.2 Aggressor with Smaller System Bandwidth

Consider the scenario in Figure 4, the interference experienced by UE1 is affected by 25% ACLR of 30 + X - FACLR and 75% ACLR of 43 + X - FACLR.  Since the victim bandwidth is larger than the aggressor, the interference experienced by UE1 will caused by a mixture of ACLR 30 + X - FACLR and ACLR 43 + X - FACLR.  For victim UE2 and UE3, the interference is caused by ACLR 43 + X – FALCR.  The effective ACLR onto UE1 is dependent upon the aggressor and victim bandwidths and it is normalised to victim bandwidth in Table 5.
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Figure 4: 5 MHz E-UTRA aggressor to 20 MHz E-UTRA victim
Table 5: Value Y (ACLR = Y + X - FALCR) for victim UE1 normalised to victim bandwidth
	Aggressor Bandwidth (MHz)
	Victim: Value Y (dB): ACLR = (Y + X - FACLR) measured over BVictim

	
	20 MHz
	15 MHz
	10 MHz
	5 MHz

	15 MHz
	29.9280451
	 
	 
	 

	10 MHz
	29.78761598
	29.89251
	 
	 

	5 MHz
	29.39167674
	29.58514
	29.78762
	 

	1.6 MHz
	28.02343129
	28.4779
	28.98554
	29.56048


The ACLR is likely to be larger than 43 + X - FACLR dB after the 2nd ACLR and hence it is reasonable to assume that the Y value for victim UE1 is close to 30 dB.  This is similar to the symmetrical bandwidth coexistence scenario where the first UE is affected by an ACLR of 30 + X dB.  For victim UE2 and UE3, the normalised (to victim bandwidth) ACLR is 43 + X – FALCR is unrealistic.  For scenario where the aggressor bandwidth is much smaller than the victim bandwidth, FACLR will contribute to low ACLR, for example for 1.6 MHz E-UTRA aggressor and 20 MHz E-UTRA victim, FALCR = -10.97 dB giving Y value of 32 dB (normalised to victim bandwidth) for UE2 & UE3.  However, the interference into UE2 and UE3 is caused by the 13th ACLR and above and this will likely be lower than the noise floor of the victim UE.  Hence, the interference experienced by UE2 and UE3 from an aggressor with a smaller bandwidth will not be worse than that from an aggressor with a symmetrical bandwidth.  Therefore, the ACLR value for coexistence between E-UTRA systems with symmetrical bandwidth is sufficient for coexistence where the aggressor bandwidth is smaller than that of the victim.
3 Simulation Results
Simulation is performed for the 3 scenarios proposed in Table 4 for FACLR = 0 dB using the simulation assumptions in [1]. Only Power Control Set 1 is simulated since it is the worst case scenario among the two Power Control sets in [1].  The power control parameters for PC Set 1 are summarised in Table 6.  Here the PLx-ile is scaled according to the bandwidth.

Table 6: Power control parameters for Power Control Set 1

	Bandwidth (MHz)
	Gamma
	PLx-ile (dB)

	5
	1
	115

	10
	1
	112

	15
	1
	110.3

	20
	1
	109


[image: image5.png]09

08

07

06

03

02

01

0 i
a0 20 ET 0 10 Eil 0 a0

transmit power (dBm)




Figure 5: CDF of UE transmit power at different bandwidth
From Table 6, it can be seen that the aggressor UEs with different bandwidths will have a different transmit power at a specified path loss.  Figure 5 is the CDF of the UE transmit power at different bandwidth.  It is seen that for majority of the CDF, the difference in UE transmit power for two bandwidths is the difference in PLx-iles.  Hence, an aggressor of a higher bandwidth will transmit more power than one that has a lower bandwidth at a specified path loss.  The ACLR needs to account for this and this is factored in PACLR which is defined as:

PACLR (dB) = PLx-ileAggressor - PLx-ileBaseAggressor
Where, PLx-ileBaseAggressor is the PLx-ile used by the aggressor in the scenario (in Table 4) which is used as the base scenario for the aggressor of interest.  PLx-ileAggressor is the aggressor of interest.  For example, the scenario 10 MHz (aggressor) to 5 MHz (victim), PLx-ileAggressor will be the PLx-ile for 10 MHz bandwidth, i.e. PLx-ileAggressor = 112 dB.  The base scenario is Scenario 2 of Table 4 or 20 MHz (aggressor) to 10 MHz (victim).  Hence, PLx-ileBaseAggressor in this example is 109 dB.  PACLR is therefore 3 dB.
The final ACLR as reference by the victim’s bandwidth is hence:

ACLRvictim = Y + X – FACLR + PACLR
Table 7: Simulation results for Power Control Set 1 (FACLR = 0, PACLR = 0)
	ACIR (dB)
	Average Throughput Loss (%)
	5% CDF Throughput Loss (%)

	X
	30 + X
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 1
	Scenario 2
	Scenario 3

	-15
	15
	26.0
	31.5
	47.9
	64.3
	73.5
	89.1

	-10
	20
	15.0
	18.0
	30.8
	30.4
	40.9
	72.3

	-5
	25
	6.9
	10.1
	18.2
	11.0
	16.0
	38.5

	0
	30
	3.3
	4.9
	9.1
	4.1
	5.8
	13.3

	5
	35
	1.4
	2.3
	4.6
	1.0
	1.7
	5.5

	10
	40
	0.2
	1.2
	2.4
	0.7
	0.5
	1.7

	15
	45
	0.0
	0.5
	0.6
	0.4
	0.2
	0.3

	20
	50
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0


The results are also plotted in Figure 5 and Figure 6 for the average and 5% CDF throughput losses respectively.  The 10 MHz E-UTRA (aggressor) to 10 MHz E-UTRA (victim) results from [1] are also plotted in for reference.
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Figure 6: Average throughput loss

[image: image7.emf]0

10

20

30

40

50

60

70

80

90

100

10 15 20 25 30 35 40 45 50

ACLR = X + 30 (dB)

5% CDF E-UTRA TDD Throughput Loss (%)

10 MHz Sym (R4-061312) 10 MHz Sym (R4-061319) Scenario 1 Scenario 2 Scenario 3


Figure 7: 5% CDF throughput loss

The results showed that the required 30+X value for less than 5% (5%-CDF) throughput loss at the victim are 30 dB, 35 dB and 40 dB for Scenario 1, Scenario 2 and Scenario 3 respectively.  Factoring in FACLR and PACLR, the ACLR of the victim as measured at the victim’s bandwidth are summarised in Table 8.
Table 8: ACLR requirement for asymmetrical bandwidth coexistence

	Aggressor Bandwidth 
	ACLR Victim (dB/BVictim)

	
	15 MHz
	10 MHz
	5 MHz
	1.6 MHz

	20 MHz
	30.0
	32.0
	34.0
	29.0

	15 MHz
	
	28.2
	34.0
	29.0

	10 MHz
	
	
	29.0
	29.0

	5 MHz
	
	
	
	29.0


4 Conclusion

The uplink E-UTRA coexistence for asymmetrical bandwidth is investigated.  For the case where the aggressor has a larger bandwidth than the victim, three scenarios are identified and simulated.  The ACLR for various combinations of aggressor and victim bandwidths can be derived from these three base scenarios via factors FACLR and PACLR.  For the case where the aggressor has a smaller bandwidth than the victim, it is concluded that the throughput loss of the victim will not be worse than that of the symmetrical case and hence no simulation is required.
5 References

[1]
R4-070457, “E-UTRA RF System Scenarios, v.1.1.0”, Siemens, RAN4#42-bis, 2-4 April 2007, Sophia Antipolis, France.

[2]
R4-070392 “LTE – LTE coexistence with asymmetrical bandwidth”, Ericsson, RAN4#42-bis, 2-4 April 2007, Sophia Antipolis, France.

[3]
R4-070201 “LTE – LTE coexistence for non-prioritised bandwidths”, Ericsson, RAN4#42, 12-16 Feb 2007, St Louis, MO, US.
[4]
R4-070340 “ Coexistence E-UTRA (TDD) 10 MHz with UTRA 7.68 Mcps TDD – Simulation Results & Text Proposal to UE Radio Transmission and Reception”, IPWireless, RAN4#42-bis, 2-4 April 2007, Sophia Antipolis, France.

_1237808987.doc

[image: image2.bmp]

10 MHz E-UTRA







20 MHz E-UTRA







16 RB







ACLR







Victim UE







Interfering UE







43 + X







30 + X







16 RB







16 RB







UE1







UE2







UE3











[image: image1]
_1237809000.doc

[image: image2.bmp]

15 MHz E-UTRA







20 MHz E-UTRA







16 RB







ACLR







Victim UE







Interfering UE







43 + X







30 + X







16 RB







16 RB







UE1







UE2







UE3











[image: image1]
_1237811605.doc
[image: image1]
[image: image2.bmp]

ACLR







Victim UE







Interfering UE







20 MHz E-UTRA







UE2







5 MHz E-UTRA







43 + X







43 + X







43 + X







30 + X







4 RB







4 RB







4 RB







UE1












_1237808828.doc

[image: image2.bmp]

5 MHz E-UTRA







20 MHz E-UTRA







16 RB







ACLR







Victim UE







Interfering UE







43 + X







30 + X







16 RB







16 RB







UE1







UE2







UE3











[image: image1]
