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1 Introduction
In the previous RAN4#43 meeting in Kobe, uplink asymmetrical bandwidth E-UTRA to E-UTRA coexistences were discussed for TDD in [1].  It was commented that the proposal in [1] was also applicable to FDD.  

In [1], three base asymmetrical bandwidth coexistence scenarios were considered, in which other asymmetrical coexistence scenarios can be derived from these base scenarios using the FACLR and PACLR factors.  The FACLR factor takes into account the fact that the victim will take experience a portion of the interference from the aggressor where this portion is dependent upon the aggressor and victim bandwidths.  PACLR takes into account the differences in average transmit power for different aggressors given that the power control scheme used may be different.  However, PACLR did not take into account that the victims of different bandwidth may tolerate different level of interference since it is possible that a victim is able to transmit higher power to overcome a higher level of interference.  Given this, the PACLR in [1] is modified to:
PACLR (dB) = (PLx-ileBaseAggressor - PLx-ileAggressor) + (PLx-ileVictim - PLx-ileBaseVictim)
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Figure 1: Results comparison for 20 MHz E-UTRA (aggressor) to 5 MHz E-UTRA (victim)
Using the base scenarios in [1], the result for 20 MHz E-UTRA to 5 MHz E-UTRA is derived and compared to that in [2].  This is plotted in Figure 1 for reference and showed a close match.  A text proposal into TR36.942 on uplink asymmetrical bandwidth E-UTRA to E-UTRA coexistence based on the proposal in [1] is in Section 2 of this document.
A text proposal is also included in Section 5.2 clarifying that the TDD simulations assume that the networks are synchronised.

2 Text Proposal to TR36.942

<<<<<<<<<<<<<<<<<<<<<<<< START OF TEXT PROPOSAL >>>>>>>>>>>>>>>>>>>>>>>>>>>

5.1.1.3
ACIR value and granularity

For downlink a common ACIR for all frequency resource blocks to calculate inter-system shall be used. Frequency resource block specific ACIR is FFS. 

For uplink it is assumed that the ACIR is dominated by the UE ACLR. The ACLR model is described in table 5.1 and table 5.2

Table 5.1: ACLR model for 5MHz E-UTRA interferer and UTRA victim, 4 RBs per UE

	Location of aggressor 4RBs (bandwidth = 4*375 kHz) 
	Adjacent to victim channel edge
	at least 4 RBs away from channel edge

	ACLR dBc/3.84MHz
	30 + X
	43+X

	X serves as the step size for simulations, X = … -10, -5, 0, 5, 10… dB


Table 5.2: ACLR model for E-UTRA interferer and E-UTRA victim
	E-UTRA
	Number of RBs per UE
	Bandwidth (BAggressor)
	ACLR dB/ BAggressor

	
	
	
	Adjacent to edge of victim RBs
	Non Adjacent to edge of victim RBs

	5 MHz
	4
	4 RB (4 × 375 kHz)
	30 + X (less than 4 RBs away)
	43 + X (more than 4 RBs away)

	10 MHz
	8
	8 RB (8 × 375 kHz)
	30 + X (less than 8 RBs away)
	43 + X (more than 8 RBs away)

	15 MHz
	12
	12 RB (12 × 375 kHz)
	30 + X (less than 12 RBs away)
	43 + X (more than 12 RBs away)

	20 MHz
	16
	16 RB (16 × 375 kHz)
	30 + X (less than 16 RBs away)
	43 + X (more than 16 RBs away)

	X serves as the step size for simulations, X = … -10, -5, 0, 5, 10… dB


	
	

	

	
	
	

	


Note: 
This ACLR models are agreed for the purpose of co-existence simulations. ACLR/ACS requirements need to be discussed separately.
5.1.1.3.1
Uplink Asymmetrical Bandwidths ACIR (Aggressor with larger bandwidth)

Since the uplink ACLR of the aggressor is measured in the aggressor’s bandwidth, for uplink asymmetrical bandwidth coexistence, a victim UE with a smaller bandwidth than that of the aggressor will receive a fraction of the interference power caused by the aggressor’s ACLR.  For two victim UEs falling within the 1st ACLR of the aggressor, the victim UE closer in frequency to the aggressor will experience higher interference than one that is further away in frequency.  The difference in interference depends on the power spectral density (PSD) within the aggressor’s 1st ACLR bandwidth.  For simplicity, it is assumed that the PSD is flat across the aggressor’s ACLR bandwidth.  Hence, the ACLR can be relaxed (or increased) by the factor, FACLR:

FACLR = 10 × LOG10(BAggressor/BVictim)

Where, BAggressor and BVictim are the E-UTRA aggressor and victim bandwidths respectively.
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Figure XX: 20 MHz E-UTRA UE aggressor to 5 MHz E-UTRA UE victims
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Figure YY: 20 MHz E-UTRA UE aggressor to 10 MHz E-UTRA UE victims
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Figure ZZ: 20 MHz E-UTRA UE aggressor to 15 MHz E-UTRA UE victims
In Table 5.2, the aggressor UE that is non adjacent to the victim UE, the victim UE will experience an interference due to an ACLR of 43 + X – FACLR.  For the case where the aggressor UE is adjacent to the victim UEs, consider the scenarios in Figure XX, YY and ZZ, where a 20 MHz E-UTRA aggressor is adjacent to 3 victim UEs of 5 MHz, 10 MHz and 15 MHz E-UTRA systems respectively.
In Figure XX, all the UEs in the 5 MHz E-UTRA system will be affected by an ACLR of 30 + X - FACLR. For the 10 MHz E-UTRA victims in Figure YY, 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 ZZ, 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 AA.  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 AA: Value Y (ACLR = Y + X - FACLR) for larger aggressor bandwidth

	Aggressor
	Victim: Value Y (dB): ACLR = (Y + X - FACLR)

	
	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


The victims in 10 MHz system under a 20 MHz aggressor experience slightly worse interference than the victims in 15 MHz system under a 20 MHz aggressor and therefore, we only need to consider the worst of the two cases.  Hence, from Table AA, the total number of asymmetrical bandwidth coexistences can be reduced to 3 scenarios and they are summarised in Table BB.  The performance of the other scenarios can be derived from these 3 base scenarios by factoring in the FACLR factor in the ACLR. 
Table BB: Base 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


An additional factor will be required to cater for the differences in UE transmit powers, which are dependent upon the power control scheme used in Table 5.3.  Given the power control scheme, a UE with higher bandwidth will transmit at higher overall power (note: max UE transmit power remains the same).  Thus, an aggressor with higher transmit power than the aggressor in the base scenario needs to increase its ACLR.  On the other hand, for an interference limited environment, a victim with higher transmit power can overcome higher level of interference and hence demands a relaxed ACLR from its aggressor.  The differences in transmit powers are given in the power control factor, PACLR and it is dependent upon the PLx-ile of the aggressors and victims.  PACLR is given as:
PACLR (dB) = (PLx-ileBaseAggressor - PLx-ileAggressor) + (PLx-ileVictim - PLx-ileBaseVictim)
Where, PLx-ileBaseAggressor and PLx-ileBaseVictim are the PLx-ile used by the aggressor and the victim respectively in the base scenario in Table BB.  PLx-ileAggressor and PLx-ileVictim are the PLx-ile of the aggressor and victim of interest respectively.  For example, using Power Control Set 1, for the scenario 10 MHz (aggressor) to 5 MHz (victim), PLx-ileAggressor = 112 and PLx-ileVictim = 115 dB.  The base scenario used is Scenario 2 of Table BB (20 MHz (aggressor) to 10 MHz (victim)).  Hence, in this example, PLx-ileBaseAggressor = 109 dB and PLx-ileBaseVictim = 112 dB.  Therefore, PACLR = (109 – 112) + (115 – 112) = 0 dB.

The final ACLR as reference by the victim’s bandwidth is hence:

ACLR = Y + X – FACLR + PACLR
5.1.1.3.2
Uplink Asymmetrical Bandwidths ACIR (Aggressor with smaller bandwidth)

Consider the scenario in Figure XY, 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 interference onto UE1 is dependent upon the aggressor and victim bandwidths. If we take this level of interference and assumed that it is caused by an aggressor of the same bandwidth (i.e. normalising the ACLR to the victim bandwidth) we have the normalised ACLR in Table CC.
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Figure XY: 5 MHz E-UTRA aggressor to 20 MHz E-UTRA victim

Table CC: Value Y (normalised ACLR = Y + X - FALCR) for victim UE1
	Aggressor Bandwidth (MHz)
	Victim: Value Y (dB): ACLR = (Y + X - FACLR) measured over BVictim

	
	20 MHz
	15 MHz
	10 MHz
	5 MHz

	15 MHz
	29.93
	 
	 
	 

	10 MHz
	29.79
	29.89
	 
	 

	5 MHz
	29.39
	29.59
	29.79
	 

	1.6 MHz
	28.02
	28.48
	28.99
	29.56


The ACLR of the aggressor is likely to be larger than 43 + X dB after the 2nd ACLR and hence it is reasonable to assume that the Y value of the normalised ACLR in Table CC onto 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 ACLR 43 + X is unrealistic.  For scenario where the aggressor bandwidth is much smaller than the victim bandwidth, the ACLR into UE2 and UE3 is going to be much larger than 43 + X. For example for 1.6 MHz E-UTRA aggressor and 20 MHz E-UTRA victim, the interference into UE2 and UE3 is caused by the 13th ACLR (of 1.6 MHz aggressor) 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.
<<<<<<<<<<<<<<<<<<<<<<<< NEXT SECTION  >>>>>>>>>>>>>>>>>>>>>>>>>>>

5.1.1.6
Power control modelling for E-UTRA and 3.84 Mcps TDD UTRA

No power control in downlink, fixed power per frequency resource block is assumed.

The following power control equation shall be used for the initial uplink (for E-UTRA and 3.84 Mcps TDD UTRA employing Enhanced UL) coexistence simulations:
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where Pmax is the maximum transmit power, Rmin is the minimum power reduction ratio to prevent UEs with good channels to transmit at very low power level, PL is the path loss for the UE and PLx-ile is the x-percentile path loss (plus shadowing) value. With this power control equation, the x percent of UEs that have the highest pathloss will transmit at Pmax.  Finally, 0<(<=1 is the balancing factor for UEs with bad channel and UEs with good channel:

The parameter sets for power control are specified in table 5.3. 

Table 5.3: Power control algorithm parameter

	Parameter set
	Gamma
	PLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1
	1
	109
	110
	112
	115

	Set 2
	0,8
	TBD
	TBD
	129
	133


Further discussion and alignment concerning power control algorithms may be required after initial simulation results and further inputs from RAN WG1 are available.
<<<<<<<<<<<<<<<<<<<<<<<< NEXT SECTION  >>>>>>>>>>>>>>>>>>>>>>>>>>>

5.1.2 Simulation description
Uplink and Downlink are simulated independently. Degradation of victim system will be obtained by comparing capacity/throughput simulation results of single operator scenario (without external interference) to the multi operator case.

In the following sections the principle downlink simulation flows are described, taking the current simulation assumptions into account.

For TDD simulations, both TDD networks (aggressor and victim) are synchronised together and have a common Downlink/Uplink resource allocation.

<<<<<<<<<<<<<<<<<<<<<<<< NEXT SECTION  >>>>>>>>>>>>>>>>>>>>>>>>>>>

7.1.3.3

Asymmetric coexistence 20 MHz and 5 MHz E-UTRA

Simulations are based on the following assumptions:

Aggressor system:

20 MHz E-UTRA

Victim system:


5 MHz E-UTRA

Simulation frequency:
2000 MHz

Environment:



Macro Cell, Urban Area, uncoordinated deployment

Cell Range



500 m
Generalising from 5 MHz and 10MHz to the 20MHz bandwidth we make the following assumptions:

· 3 UEs per carrier for aggressor and victim 

· The ACLR is expressed in dBc per bandwidth B occupied by the aggressing UE

· A 13dB ACLR improvement is assumed for frequency separations larger than B  from the edge of the UE occupied bandwidth.

The simulation results are given in Figure 7.20 and the numerical data are presented in Table 7.15.
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Figure 7.20: Loss in 5%-ile throughput versus ACIR [18]

Table 7.15: Numerical values [18]
	ACIR (dB)
	loss in 5%-ile throughput  (%)

	
	20MHz -> 5MHz
	20MHz -> 20MHz

	15
	67.1%
	42.3%

	20
	33.1%
	17.8%

	25
	12.8%
	6.2%

	30
	4.4%
	2.5%

	35
	1.3%
	0.7%

	40
	0.3%
	0.2%

	45
	0.1%
	0.1%


We also note some effects when a 5 MHz E-UTRA system aggresses a 20 MHz E-UTRA system. Considering the case where the victim network bandwidth is larger than the aggressing network bandwidth, the impact of the aggressing UEs to the victim BS is lower than for the case of symmetric bandwidth, because the "shoulder" of the ACLR of the immediately adjacent aggressing UE will cover a smaller bandwidth of the victim network. This case is therefore uncritical.
7.1.3.4

Uplink Asymmetric coexistence TDD E-UTRA to TDD E-UTRA
Simulations are based on the base scenarios in Table BB with following assumptions in Table DD:
Table DD: Simulation assumptions based on 3 base secnarios

	Parameter
	Scenario 1
	Scenario 2
	Scenario 3

	Aggressor’s Bandwidth 
	15 MHz
	20 MHz
	20 MHz

	Victim’s Bandwidth 
	10 MHz
	10 MHz
	5 MHz

	Frequency
	2000 MHz

	Environment
	Macro Cell, Urban Area, uncoordinated deployment

	Cell range
	500 m

	FACLR
	0 dB


Simulation results are presented in Table EE and plotted in Figure AA and BB for the average throughput loss and 5% CDF throughput loss for Power Control Parameter Set 1.  The symmetrical results of 10 MHz TDD E-UTRA to 10 MHz TDD E-UTRA are also plotted for reference.
Table EE: 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
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Figure AA: Average throughput loss (PC Set 1)
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Figure BB: 5% CDF throughput loss (PC Set 1)
<<<<<<<<<<<<<<<<<<<<<<<< END OF TEXT PROPOSAL >>>>>>>>>>>>>>>>>>>>>>>>>>>
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