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Introduction

This document proposes ACLR and ACS requirements for the local area BS in TDD-mode. The original proposals for the ACLR requirements for the case of operation in proximity and co-siting on adjacent carriers in Tdoc R4-010270 was assuming that the local area BS cannot cope with an interference level above the receiver noise. Since the last meeting, we investigated the acceptable interference level for a local area BS by simulations. The simulation results are presented in this document and appropriate requirements for the ACLR are derived.

Description of simulations

In order to derive values for ACLR for the TDD local area BS, single operator uplink simulations were performed with a snapshot based monte-carlo simulator, using at least 10000 trials. An indoor environment according to TR 25.952 is applied while the number of penetrated floors is set to zero. In the simulations a 8kbps service is considered. Further basic simulation assumptions are depicted in table 1, the placement of the base stations in the simulation scenario are shown in figure 1.
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Figure1: placement of the base stations

The aim in the simulations is to obtain the acceptable interference level. The scenario is filled with the maximum number of users for a 2 % blocking probability according to the Erlang B formula and the interference level is increased until an outage ≤ 5 percent is reached. The interference level is modeled by increasing the receiver noise figure.

Reference sensitivity level
-95 dBm

considered service
8 kbps

number of users
57MS/4TS

max. BS Tx power
26 dBm

min CIR BS
-8.1 dBm

BS power control range
30 dB

max. MS Tx power
21 dBm

min. CIR MS
-5.6 dBm

MS power control range
65 dB

Spreading factor
16

Indoor path loss model
continuous attenuation (UMTS 30.03)

Standard deviation
12 dB

Table 1: Simulation parameters

With the given assumptions the results described in the following section are obtained.

Simulation Results

As a result of the single operator simulations in the TDD pico environment the receiver noise could be increased from -89 dBm up to -70 dBm, if an outage of 5 % is considered to be acceptable for the 8kbps speech service. The outage as a function of the receiver noise floor in the range from -89 dBm to –68 dBm is shown in Figure 2. It should be noted that the system capacity was not reduced (0 % capacity loss). 
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Figure 2: Outage in % as a function of the receiver noise (Capacity loss = 0).

Figure 3 shows the increase of the mean transmission power of the UE per link while increasing the BS receiver noise from -89 dBm to -68dBm. In this range of receiver noise the mean TX power of the UE rises from -15.5 dBm to 3 dBm. We consider the impact on the battery lifetime due to the increase in maximum output power as negligible. 
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Figure 3: UE mean TX power as a function of the receiver noise

In conclusion, the simulation show that a noise floor of –70 dBm is acceptable for a local area BS in a typical scenario for a 8 kbps service. However, for hot spots –the typical application envisaged by a local area BS-  higher data rates should be considered as well. Assuming higher data rates use a spreading factor of 2 or higher, the noise floor has to be lowered by the difference in spreading gain with respect to the 8 kbps service with a spreading factor of 16. Therefore a noise floor of -79(dBm ( = -70 dBm – 10 log10(8) ) as interference limit for the local area BS is considered as acceptable. Because the receiver noise of (89 dBm is significantly below the interference limit, the impact of the receiver noise on the interference limit is neglected. This means the local area BS is limited by capacity instead of coverage.

In the following the interference limit of –79 dBm is used to derive ACLR requirements for operation in proximity or co-siting for the local area BS.

Adjacent channel leakage ratio (ACLR)

For the local area BS, different ACLR requirements are considered as for the wide area BS. A minimum requirement, which is based on MS-BS interference and requirements based on BS-BS interference.

1. Minimum Requirement

The minimum requirement is based on MS to BS interference (synchronised operation). Because MS to BS interference is dominated by the performance of the terminal, the same minimum requirement as for the wide area BS is proposed for the local area BS.

The minimum requirement can also be used for unsynchronised operation, if base stations have a certain distance. The de-coupling between base stations is calculated as follows: for local area BS to local area BS, the indoor office path loss model according to UMTS 30.03 is used, while in case of wide area to local area and vice versa, the path loss model for outdoor to indoor according to UMTS 30.30 is utilised. 

In Table 2 the required path-loss between base stations is calculated as well as the required distances for free space propagation and for indoor propagation as well as for outdoor to indoor propagation for a frequency of 2 GHz. The value for the required distance in the indoor environment is calculated using a continuous attenuation model according to UMTS 30.03. The required distance for outdoor to indoor environment are also depicted in UMTS 30.03. The chosen formula considers a typical urban and suburban environment.


Unit
Local area BS

To local area BS
Local area BS

to wide area BS
Wide area BS

to local area BS

Maximum transmit power
dBm
26
26
39

TX antenna gain
dBi
0
0
11

RX antenna gain
dBi
0
11
0

ACLR
dBc
45
45
45

Allowed interference IA
dBm
-79
-106
-79

Required path loss
dB
60
98
84

Required distance free space
m
11.93
948.42
189.23

Required distance indoor
m
5.83
-
-

Indoor-outdoor model
m
-
56.2
25.1

Table 2: Required pathloss and required distances for f=2.0GHz

From table 2, it can be observed that already with the minimum requirement a distance below 12 m in the worst case of a line of sight between local area base stations is sufficient to achieve the required de-coupling. Due to this we see not need to define a separate proximity requirement for the local area BS. Only an additional co-siting requirement is considered for the local area BS.

2. Requirement in case of co-siting with TDD BS or FDD BS operating on an adjacent frequency

The co-siting requirement defines a requirement for an maximum interference level which is similar to an ACLR requirement, which is based on the worst case BS-BS interference of co-located base stations.

Only the co-siting of base stations belonging to one class is considered. In Table 3 the absolute interference level for co-sited local area base stations is calculated. 


Unit
Local area BS

to local area BS

BS-BS MCL
dB
45

Allowed interference
dBm
-79

max. interference level
dBm
-34

Table 3: Calculation of the absolute ACLR for co-located local area base stations

For the co-location of local area BSs with a MCL of 45 dB an absolute interference level below –34 dBm is required.

Wide area and local area BS envisage different application areas. The wide area BS is aiming for coverage whereas the local area BS is aiming for capacity in indoor hot spots. Therefore, the co-siting of local area and wide area base stations is not considered to be relevant. Thus, if base stations of different classes are “co-sited” as depicted in figure 4, it is assumed that the MCL between the base stations has to be increased. In Table 4 the required MCL for co-siting of local and wide area base stations is calculated. 
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Figure 4: "co-siting" of locals area BS and wide area BS


Unit
Local area BS

to wide area BS
Wide area BS

to local area BS

max. interference level
dBm
-34
-80

Allowed interference
dBm
-106
-79

BS-BS MCL
dB
72
-1

Table 4: Calculation of the minimum coupling loss between local area BS and wide area BS

If wide area BS and local area BS are “co-located”, the minimum coupling loss has to be increased to 72 dB. It should be noted that a minimum coupling loss of 70 dB is assumed between the macro BS and the UE. The local area BS can be considered as a static terminals, because it has a similar output power and a similar antenna gain. Therefore a MCL of 72 dB between wide area and local area BS is considered as acceptable. 

Further, if for the wide area BS only the minimum requirement is applied the following MCL is required between the wide area BS and local area BS.


Unit
Wide area BS

to local area BS

Maximum transmit power
dBm
39

ACLR
dBc
45

Allowed interference IA
dBm
-79

Required MCL
dB
73

Table 5: Calculation of the minimum coupling loss between local area BS and wide area BS (minimum requirement)
The demands on the minimum coupling loss are symmetric, if the local area BS fulfils the co-siting requirement of –34 dBm and the wide area BS fulfils the minimum requirement of an ACLR of 45 dB. This means for the “co-siting” of wide area BS and local area BS with a MCL of 73 dB, it is sufficient if the wide area BS fulfils the minimum requirement. 

Spectrum emission mask

For the local area BS, the same minimum requirement for ACLR as for the wide area BS is proposed. Therefore the same spectrum emission mask shall apply to wide area and local area BS.

Adjacent Channel Selectivity (ACS) 

For the ACS the same as for the minimum ACLR requirement applies that means the adjacent channel interference is dominated by the performance of the terminal. Therefore it is proposed to set the minimum ACS requirement for the local area BS to 45 dB as for the wide area BS.

It is proposed that the ACS is tested with a wanted signal 6 dB above sensitivity as for the wide area BS. The interfering signal level is given by


Interfering signal [dBm]
=
receiver noise [dBm]




+wanted signal relative to sensitivity [dB]




+ ACS [dB]



= -89 dBm + 6 dB + 45 dB



= -38 dBm

Conclusion

Requirements for ACLR, spectrum emission mask and ACS are proposed. A text proposal for the technical report is given below.

Text proposal for “TR(25.952  TDD Base Station Classification”

7.1.6
Adjacent Channel Leakage power Ratio (ACLR)

7.1.6.1 Justification

 Two different requirements for the local area BS are defined in a similar way as for the wide area BS to consider different deployment scenarios. A minimum requirement, which is based on MS-BS interference and BS-BS interference in case of unsynchronised TDD operation on adjacent carriers with a sufficient de-coupling, and  one ACLR requirement, which  is based on BS-BS interference  for  co-siting of unsynchronised TDD operation. 

1. Minimum Requirement



The minimum requirement is based on MS to BS interference (synchronised operation). Because MS to BS interference is dominated by the performance of the terminal, the same minimum requirement as for the wide area BS is proposed for the local area BS.

The minimum requirement can also be used for unsynchronised operation, if base stations have a certain distance. The de-coupling between base stations is calculated as follows: for local area BS to local area BS, the indoor office path loss model according to UMTS 30.03 is used, while in case of wide area to local area and vice versa, the path loss model for outdoor to indoor according to UMTS 30.30 is utilised. 

In the table below the required path-loss between base stations is calculated as well as the required distances for free space propagation and for indoor propagation as well as for outdoor to indoor propagation. The value for the required distance in the indoor environment is calculated using a continuous attenuation model according to UMTS 30.03. The required distance for outdoor to indoor environment are also depicted in UMTS 30.03. The chosen formula considers a typical urban and suburban environment.


Unit
Local area BS

to  local area BS
Local area BS

to wide area BS
Wide area BS

to local area BS

Maximum transmit power
dBm
26
26
39

TX antenna gain
dBi
0
0
11

RX antenna gain
dBi
0
11
0

ACLR
dBc
45
45
45

Allowed interference
dBm
-79
-106
-79

Required path loss
dB
60
98
 84

Required distance free space
m
11.93
984.42
 189.23

Required distance indoor
m
5.84
-


Indoor-outdoor modell
m
-
56.2
 25.1



From the table above, it can be observed that already with the minimum requirement a distance below 12 m in the worst case of a line of sight between local area base stations is sufficient to achieve the required de-coupling. Due to this fact there is no need to define a separate proximity requirement for the local area BS. Only an additional co-siting requirement is considered for the local area BS.























































2. Requirement in case of co-siting with TDD BS or FDD BS operating on an adjacent frequency

The co-siting requirement defines an ACLR requirement, which is based on the worst case BS-BS interference of co-located base stations. Only the co-siting of base stations belonging to one class is considered. In the following table the  max. interference level for co-sited local area base stations is calculated which corresponds to the same absolute ACLR value. 


Unit
Local area BS

to  local area BS

BS-BS MCL
dB
45

Allowed interference
dBm
-79

 max. interference level
dBm
-34

For the co-location of local area BSs a max. interference level of  -34 dBm is required.

If base stations of different classes are co-sited, it is assumed that the MCL between the base stations has to be increased. In the following table the required MCL for co-siting of local and wide area base stations is calculated. 


Unit
Local area BS

to wide area BS
Wide area BS

to local area BS

ACLR
dBm
-34
-80

Allowed interference
dBm
-106
-79

BS-BS MCL
dB
 72
 <0

 If wide area and local area base stations are co-located the de-coupling has to be increased to  72 dB to protect the receiver of the wide area BS.  

7.1.6.2
Text proposal for ACLR

Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the transmitted power to the power measured in an adjacent channel. Both the transmitted and the adjacent channel power are measured through a matched filter (Root Raised Cosine and roll-off 0.22) with a noise power bandwidth equal to the chip rate. The requirements shall apply for all configurations of BS (single carrier or multi-carrier), and for all operating modes foreseen by the manufacturer’s specification.

7.1.6.2.1
Minimum Requirement

The ACLR shall be higher than the value specified in Table 7.x1.

Table 7.x1: BS ACLR

BS adjacent channel offset
ACLR limit

± 5 MHz
 45  dB

± 10 MHz
 55  dB



















7.1.6.2.3
Requirement in case of co-siting with FDD local area  BS operating on an adjacent frequency

In case the equipment is co-sited to another TDD BS or FDD BS operating on the first or second adjacent frequency, the requirement is specified in terms of the adjacent channel power level of the BS measured in the adjacent channel. The adjacent channel power shall not exceed the limit in Table 7.x3.

Table 7.x3: BS ACLR in case of co-siting

BS class
BS adjacent channel offset


Maximum Level
Measurement Bandwidth

Wide area BS
± 5 MHz
-80 dBm
3.84 MHz

Wide area BS
± 10 MHz
-80 dBm
3.84 MHz

Local area BS
± 5 MHz
 -34 dBm
3.84 MHz

Local area BS
± 10 MHz
 -34 dBm
3.84 MHz

Note: The requirement is based on a minimum coupling loss of 30 dB between wide area base stations and a minimum coupling loss of 45 dB between local area base stations. For the co-siting of unsynchronised base stations of different classes operating on adjacent frequencies a minimum coupling loss of  72 dB between wide area and local area base stations is assumed.

7.1.7 Adjacent Channel Selectivity (ACS)

Adjacent channel selectivity (ACS) is a measure of the receiver ability to receive a wanted signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the center frequency of the assigned channel.ACS is the ratio of the receiver filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s).

7.1.8.1 Minimum Requirement

The BER shall not exceed 0.001 for the parameters specified in table 7.x4.
Table 7.x4 : Adjacent channel selectivity

Parameter
Level
Unit

Data rate
12.2
kbps

Wanted signal
Reference sensitivity level + 6dB
dBm

Interfering signal
Wide area BS
 -52
dBm


Local area BS
-38
dBm

Fuw (Modulated)
5
MHz
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Tabelle1

		

		SO-UL Outage [%] = f(-108+NF) for 8kbps service

		-108+NF/dBm		Outage / %

		-89.00		0.44

		-80.00		0.89

		-76.00		1.76

		-75.00		2.12

		-74.00		2.56

		-73.00		3.03

		-72.00		3.50

		-71.00		4.14

		-70.00		4.78

		-69.00		5.68

		-68.00		6.52

		Parameter:

		57 MS/4TS

		TDD-BS:

		ACLR=45dB

		ACS=45dB

		Pmax=26dBm

		SO-UL mean Pue = f(-108+NF) for 8kbps service

		-108+NF/dBm		Pue / dBm

		-89.00		-15.51

		-80.00		-7.22

		-76.00		-3.64

		-75.00		-2.77

		-74.00		-1.91

		-73.00		-1.05

		-72.00		-0.21

		-71.00		0.62

		-70.00		1.43

		-69.00		2.24

		-68.00		3.02

		Parameter:

		57 MS/4TS

		TDD-BS:

		ACLR=45dB

		ACS=45dB

		Pmax=26dBm

		MO-UL BS->BS				outage / % = f(ACLR/dB) for 8kbps service; capacity loss = 0 %

				outage / %

		-45.00		16.04

		-47.00		11.29

		-50.00		6.69

		-51.00		5.56

		-52.00		3.82

		-55.00		3.19

		Parameter:

		Pnoise (Victim) = -89dBm

		MS/4TS = 57

		capacity loss = 0

		MO-UL BS->BS				outage / % = f(ACLR/dB) for 8kbps service; capacity loss = 4.39 %

				outage / %

		-45.00		14.82

		-47.00		10.58

		-50.00		6.28

		-51.00		5.24

		-52.00		3.83

		-55.00		3.18

		Parameter:

		Pnoise (Victim) = -89dBm

		MS/4TS = 57

		capacity loss = 4.39 %
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