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1. Introduction
ACLR and Category A spurious emission requirements are regulated as mandatory requirements for BS in Japan. However, in case of low transmission power of BS, the requirement of the absolute value corresponding to the ACLR is severe compared to the spurious emission requirements. This unbalanced situation should be removed. In this paper, the required minimum distance between low transmission power BS and UE are discussed when the spurious emission requirements are applied to the out-of-band domain. It should be noted that in Japan, cdma2000 system is also being deployed within UMTS band I (2GHz band) and BS spurious emission limit specified for cdma2000 BS in 3GPP2 is the same level as the category-A limits as in UMTS case.

2
Out-of-band emission requirements in Japan for WA, MR and LA-BS
2.1
Spurious emission and adjacent frequency Interference scenarios
ACLR and Category A spurious emission requirements are regulated as mandatory requirements for BS in Japan. Table 6.7 in [1] gives the ACLR requirements and Category A spurious emission requirements can be found in Table 6.8 in [1] (also shown in Table 1 and Table 2 below respectively). However, in case of low transmission power of BS, the requirement of the absolute value corresponding to the ACLR is severe compared to the spurious emission requirements. Taking into account BS rated output power for each BS class shown in Table 3 [1], out-of-band emission requirements and spurious emissions in band I for Wide Area, Medium Range and Local Area BS are described in Figure 1, 2 and 3 respectively. In these figures, absolute ACL levels are derived based on the BS output rated output power with measurement bandwidth of 1MHz. It can be seen that in case of lower transmission power of BS, the requirement of the absolute value corresponding to the ACLR is unnecessarily severe compared to the spurious emission requirements. These unnecessarily severe requirements should be corrected.
It should also be noted that in Japan, cdma2000 system is being deployed within UMTS in band I (2GHz band) and BS spurious emission limit specified for the cdma2000 BS in 3GPP2 is the same level as the category-A limits as in UMTS case.
In this paper, the required minimum distance between low transmission power BS and UE are discussed when the spurious emission requirements are applied to the out-of-band domain. The discussion below is based on the method used in Annex B.1 in TR25.951 [2] and focuses on localized interference scenario caused by Local Area and Medium Range BS in terms of required minimum UE-BS distance.
Firstly, current ACI (Adjacent Channel Interference) scenario is analysed in terms of localized interference around the MR or LA BS according to an interference scenario shown in Figure 4 (a). In this case, the UE is communicating with WA-BS (BS1) using f1 and it is being interfered by MR or LA-BS (BS2) in adjacent channel f2. Under this condition, minimum required distance between the UE and BS2 so as not to block the communication between UE and BS1 is derived. Secondary, as a reference case, the required minimum UE-BS distance between the UE and BS2 when Category A spurious emission limits from BS2 dominates the interference is analysed as shown in Figure 4 (b). Finally, combined interference scenario described in Figure 5 is analysed. In this scenario, since the spurious emission requirements are applied to the out-of-band domain, UE ACS (adjacent channel selectivity in UE receiver) and spurious emissions from BS2 (instead of ACL) dominate the interference level accordingly. If the required minimum UE-BS distance is reasonable compared with the outcome derived from the scenario in figure 4(a), Category A spurious emission level can also be applicable for the OOB domain. Otherwise some proper countermeasure explained in Annex B.1 in [2] would be needed.
Table 1: BS ACLR [1]
	BS adjacent channel offset below the first or above the last carrier frequency used
	ACLR limit

	5 MHz
	45 dB

	10 MHz
	50 dB


Table 2: BS Mandatory spurious emissions limits, Category A [1]
	Band
	Maximum level
	Measurement Bandwidth
	Note

	9kHz – 150kHz
	-13 dBm
	1 kHz 
	Note 1

	150kHz – 30MHz
	
	10 kHz 
	Note 1

	30MHz – 1GHz
	
	100 kHz
	Note 1

	1GHz ‑ 12.75 GHz
	
	1 MHz
	Note 2

	NOTE 1:
Bandwidth as in ITU-R SM.329, s4.1

NOTE 2:
Upper frequency as in ITU-R SM.329, s2.5 table 1


Table 3: Base Station rated output power [1]
	BS class
	PRAT

	Wide Area BS
	-*

	Medium Range BS
	< +38 dBm

	Local Area BS
	< + 24 dBm
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Figure 1 Spurious emission limits example with a Wide Area BS (5 MHz carrier in the middle of the band).
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Figure 2 Spurious emission limits example with a Middle Range BS (5 MHz carrier in the middle of the band).
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Figure 3 Spurious emission limits example with a Local Area BS (5 MHz carrier in the middle of the band).
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Figure 4 Adjacent channel interference (a) and spurious emission interference scenario (b)
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Figure 5 Combined interference scenario of adjacent channel interference with spurious emission

2.2
Example analysis for localized interference [LA-BS operating at Band I or Band IX]
To analyse scenario of a LA (indoor) cell interfering to an adjacent macro cell as shown in Figure 4 or Figure 5, the following parameters are assumed as in Table B.1 in [2]:

Table 4: Assumed parameters for the localized interference analysis for LA BS
	Parameter
	Value
	Unit
	Notes

	UE ACS
	33
	dB
	from 25.101

	interfering LA BS maximum Tx power
	24
	dBm
	from this TR

	interfering LA BS antenna gain
	0
	dBi
	from this TR

	serving cell received DTCH level
	-90
	dBm
	 

	bit rate
	12.2
	kbps
	 

	Eb/Io
	7
	dB
	 


With these service parameters we obtain for the required Ec/Io which is commonly used in the following sections:


Required Ec/Io =  -25 dB [processing gain] + 7 dB [Eb/Io] = -18 dB
[Eq.1]
2.2.1
Example analysis for localized interference caused by adjacent channel interference

According to the scenario shown in Figure 4 (a), the area of the localized interference around the LA BS can be estimated as follows (In this calculation the own system (cell) interference is not taken into account, i.e. it is assumed that ACI dominates) as in Annex B.1.2 in [2]:

1)
Maximum tolerated interference level on the own channel: -90 dBm + 18 dB [Required Ec/Io] = -72 dBm

2)
Maximum tolerated interference level on the adjacent channel: -72 dBm + 33 dB [UE ACS] = -39 dBm

3)
Required coupling loss CL towards interfering LA BS: +24 dBm – (-39 dBm) = 63 dB
4)
Assuming the indoor path loss model from this TR for the case that internal walls are not modelled individually and a single floor, the indoor path loss model is represented by the following formula:


PL = 37 + 30 Log10(R),
[Eq.2]
with R the UE – LA BS separation given in metres. From this, the required minimum distance towards the interfering LA BS is given by:


RLo = 10^( (63 dB [CL] + 0 dBi [LA BS antenna gain] – 37) / 30 ) = 7.36 m.
[Eq.3]
2.2.2
Example analysis for localized interference caused by co-channel channel BS spurious emission

Inband interference caused by Category A BS spurious emission limits is given in Table 2[1]. Therefore, the inband interference for UE in Figure 4(b) can be derived as follows:

Inband interference caused by Spurious emission  =  -13 dBm/MHz [For Band I,IX] +10Log10(3.84MHz/1MHz) = -7.2dBm/3.84MHz.

[Eq.4]
The area of the localized interference around the LA BS, which interference caused by spurious emission, can be estimated as follows (In this calculation the own system (cell) interference is not taken into account, i.e. it is assumed that ACI dominates):

1)
Maximum tolerated interference level on the own channel: -90 dBm + 18 dB [Required Ec/Io] = -72 dBm
[Eq.5]
2)
Required coupling loss CL towards interfering LA BS: -7.2 dBm – (-72 dBm) = 64.8 dB





[Eq.6]
4)
Assuming the indoor path loss represented by Eq.2, the required minimum distance towards the interfering LA BS is given by:


R Ls = 10^( (64.8 dB [CL] + 0 dBi [LA BS antenna gain] – 37) / 30 ) = 8.5 m.
[Eq.7]
2.2.3
Example analysis for localized interference caused by combined interference (BS spurious emission with Adjacent channel interference)

The area of the localized interference around the LA BS, which combined interference caused by adjacent channel interfere and Category A spurious emission in Figure 5 scenario, can be estimated as follows (In this calculation the own system (cell) interference is not taken into account, i.e. it is assumed that ACI dominates):

1)
Maximum tolerated interference level on the own channel: -90 dBm + 18 dB [Required Ec/Io] = -72 dBm
[Eq.8]
2)
Required coupling loss CL towards interfering LA BS: 10Log10(10^(-7.2 dBm)/10+10^(+24dBm-33dB)/10) – (-72 dBm) = 67.0dB
[Eq.9]
4)
Assuming the indoor path loss represented by Eq.2, the required minimum distance towards the interfering LA BS is given by:


R LC = 10^( (67.0 dB [CL] + 0 dBi [LA BS antenna gain] – 37) / 30 ) = 10.0 m
[Eq.10]
2.2.4
Analysis for localized interference
As can be seen from [Eq.3] and [Eq.10], the required minimum distances are increased by 2.6m (=10.0-7.4) when LA BS spurious emission of -13 dBm/MHz is applied at the point of DTCH level equals to -90dBm. By substituting different received DTCH levels in to the above equations from [Eq1] to [Eq.11], the size of the localized interference around the LA BS for serving cell received DTCH levels in the range of –70 … -110 dBm can be calculated as shown in Figure 6. It would be fair to say overall increase of LIA is rather moderate.
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Figure 6: Localized interference around the LA BS as function of serving cell received DTCH levels [Band I or Band IX with Category A BS spurious emission]
2.3
Analysis for localized interference [LA-BS operating at Band VI]

Localized interference caused by adjacent channel interference from UMTS LA-BS in Band VI is the same as in section 2.2.1. On the other hand, in-band interference caused by BS spurious emission limits, Category A is given in Table 2[1] and in Band VI case; it can be derived as follows:

Inband interference caused by Spurious emission  =  -13 dBm/100kHz [For Band VI] +10Log10(3.84MHz/100kHz) = 2.8dBm/3.84MHz.

[Eq.11]
By applying the same calculations in section 2.2.2 and 2.2.3, the localized interference around the LA BS in Band VI for serving cell received DTCH levels in the range of -70 … -110 dBm in Band VI can be derived as shown in Fig.7. Since the spurious emission limit below in this case becomes 10dB larger than that in Band I or Band IX case, it impacts on the LIA degradation quite large. Still it would be possible to avoid fatal interference by applying proper countermeasure as described in the Annex B.1 in TR25.951 [2].
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Figure 7: Localized interference around the LA BS as function of serving cell received DTCH levels [Band VI with Category A BS spurious emission]

2.4 Analysis for localized interference [MR-BS operating at Band I or IX]

The following parameters are assumed for the analysis for MR-BS cases:

Table 5: Assumed parameters for the localized interference analysis for MR BS

	Parameter
	Value
	Unit
	Notes

	UE ACS
	33
	dB
	From 25.101

	interfering MR BS maximum Tx power
	38
	dBm
	From this TR

	interfering MR BS antenna gain
	0
	dBi
	From this TR

	serving cell received DTCH level
	-90
	dBm
	 

	bit rate
	12.2
	Kbps
	 

	Eb/Io
	7
	dB
	 


In this case, MR BS maximum Tx power is assumed as 38dBm. Substituting the maximum Tx power and several received DTCH levels in to the equations [Eq.2] to [Eq.10], the size of the localized interference around the MR BS for serving cell received DTCH levels in the range of –70 … -110 dBm can be calculated as below: Since the interference caused by the adjacent channel leakage is the dominant one, effect of the spurious emission to the total interference amount is negligible.
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Figure 8: Localized interference around the MR BS as function of serving cell received DTCH levels [Band I or Band IX with Category A BS spurious emission]

2.5 Analysis for localized interference [MR-BS operating at Band VI]

As in section 2.3, spurious emission limit for band VI (800MHz band) is given by [Eq.11]. By applying the figure to the same calculations in section 2.2.2 and 2.2.3, the localized interference around the MR BS in band VI for serving cell received DTCH levels in the range of –70 … -110 dBm in Band VI can be derived as shown in Fig.9. As can be seen from the figure, impact of the spurious emission to the total interference amount is not so large.
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Figure 9: Localized interference around the MR BS as function of serving cell received DTCH levels [Band VI Category A BS spurious emission]
3.
Conclusion
Table 6 summarizes the outcome of the analysis. To make a comparison, LIA (Localized interference around the BS) at the received DTCH levels of -90dBm are depicted. As a result, in case of MR-BS (Figs. 8 and 9), the change of OOB requirements has not so much impact on the LIA. In case of LA-BS (Figs. 6 and 7), the change at 2GHz band is acceptable. In order to further reduce the likelihood of such localized interference events for LA-BS operating at 800 MHz band, the measures presented in the Annex B.1.3 in TR25.951 may be applied.
Table 6: Localized interference around the MR BS and LA BS as function of serving cell with received DTCH levels of -90dBm
	BS class
	Band
	Interferer
	LIA (m)

	MR BS (+38dBm)
	I, IX
	(a) DL in Adjacent ch
	21.5

	
	
	(b) Co-channel Spurious emission
	8.5

	
	
	(a)+(b)
	22.0

	
	VI
	(a) DL in Adjacent ch
	21.5

	
	
	(b) Co-channel Spurious emission
	18.3

	
	
	(a)+(b)
	25.2

	LA BS (+24dBm)
	I, IX
	(a) DL in Adjacent ch
	7.4

	
	
	(b) Co-channel Spurious emission
	8.5

	
	
	(a)+(b)
	10.0

	
	VI
	(a) DL in Adjacent ch
	7.4

	
	
	(b) Co-channel Spurious emission
	18.3

	
	
	(a)+(b)
	18.6


[1]
3GPP TS 25.104 “BS Radio transmission and Reception (FDD)” V7.2.0
[2]
3GPP TS 25.951 “FDD Base Station (BS) classification” V6.2.0
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