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1 Introduction

Based on the contribution [6] it was approved, during the TSG-RAN WG4 meeting #17, to include a new class in the current Release-6 WI FDD Base Station Classification [1]. This was in addition presented and noted at TSG-RAN meeting #12 [8]. Results concerning required “Receiver sensitivity for Micro class BS in FDD mode” were shown during the last WG4 meeting #23 in the contribution [2]. 

Additional investigations concerning FDD Medium Range (Micro) base station (BS) requirements within the REL-6 Work Item (WI) „FDD BS classification“ have been performed based on [5] and the results presented up to now. The purpose of this document is to summarize the results and propose appropriate performance requirements for the Micro BS concerning Blocking characteristic, Adjacent Channel Selectivity (ACS) and Intermodulation characteristics. 

Together with the contribution R4-021073 [3] a complete set of requirements for the Receiver Characteristic of a Micro BS will be presented. The additional needed Transmitter characteristics for Micro class BS in FDD mode is shown in T-doc R4-021075 [4].

 . 

2 Discussion

A multi-operator Macro-Micro scenario (as in TR 25.942) [5] was investigated whereas the power level at the Micro BS receivers, based on the signals transmitted from the UEs connected to a FDD Wide Area (Macro) base station (BS), was calculated. The outcomes are overall CDF (Cumulative Probability Density Function) curves dependent on the used Macro cell size, the simulated service (speech and data 144kbps as in TR 25.942) and the maximum output power of the UEs. 

The Macro-Micro cell layout consists of a finite Micro cell layer (Manhattan grid) under a much larger finite macro network. The area close to the Micro network and the simulation input parameters are specified TR 25.942. The used Macro-Micro cell deployment is shown in Fig.1.

The number of BS in this scenario is 72 Micro BS and 36 Macro BS. Macro cells scenarios with cell radii of 1km, 5km (as in TR 25.942) and as additional information a scenario of 2km cell radius was used for the simulations. The chosen number of Macro BS ensures that the Micro cell grid experience infinite Macro cell grid (not all macro BS`s are shown in Figure1 which is a zoomed picture showing the area close to the Micro cell grid).

Additional to the scenarios stated in [5] a comparable multi-operator Micro-Micro scenario was investigated whereas the power level at the Micro BS receivers of network 1, based on the signals transmitted from the UEs connected to a Micro BS of network 2, was calculated. The outcomes are overall CDF curves dependent on the simulated service (speech and data 144kbps as in TR 25.942). The layout for a single Micro network is described in TR 25.942 [5]. Based on this network grid, a second identical Micro network grid was placed in the same area but with maximal geographic offset between the Micro BSs as worst-case condition (see Fig. 2). The number of BS in this scenario is 72 Micro BS (network 1) plus 72 Micro BS (network 2). This approach is consistent with the strategy used in [5] chapter 5.2 (BTS receiver blocking) in case of two Macro networks and was presented previous in [2]. 

For all scenarios described above a number of Monte Carlo simulations were done to determine the Interfering Signal mean power level for a victim Micro class BS in FDD mode. More details about simulations parameters and assumptions can be found in Annex A.
[image: image1.emf]
Figure 1: Macro-Micro network deployment (units are in meter).

      [image: image2.emf]
Figure 2: Micro-Micro layout [units in meter].

3 Simulation results
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Fig. 3a CDF curves for the received interferer power at the BS input. 
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Fig. 3b Zoomed CDF curves for the received interferer power at the BS input.

Figure 3a and 3b shows, as overview, the overall CDF of the input signals to the receiver for different scenarios. It can be seen that the maximum power levels based on the UEs connected to a second Micro cell is lower than the maximum power level created by the UEs connected to a Macro BS. Due to this fact the resulting blocking requirements must base on UEs connected to a Macro BS. In TR 25.942 [5] the required blocking level was set in a way that 99,99 % of occurrences of the input signals to the receivers are about or less this blocking level. The following figures contain zoomed plots for CDF values dependent on different scenarios.
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Fig. 4a/4b Zoom: Macro – Micro Blocking (5km) (Average) Speech in one plot UE 21, 24, 27, 33 dBm

Fig 4a and 4b shows the overall CDF of the input signals to the receivers using speech only for different UE types with a maximum output power between 21 and 33dBm. These plots are based on the agreed scenario [5] of a 5km Macro network disturbing a Micro network shown in Fig. 1. It is obvious that for all expected UE classes the Blocking performance requirement for a general purpose BS of –40dBm interfering Signal mean power, sketched as red line in Fig. 4b, as it is specified in TS 25.104 (Rel.99, Rel. 4 and Rel. 5), is not sufficient at all for a Micro BS.

A sharp discontinuity can be seen at different input levels for UEs with a maximum power level of up to 24dBm. The sharp discontinuity is an indication for an increased outage probability in the case of UEs limited to 21dBm or 24dBm in the large cell radii scenario. 
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Fig. 5 Zoom: Macro – Micro Blocking (Average) Speech in one plot UE 21 dBm 1,2 and 5km

Figure 5 shows a typical scenario for speech UEs (21dBm) in a Macro cell network dependent on the used cell radii of 1, 2 or 5 km. The scenarios for 1 and 5km was also used and agreed in TR 25.942. The result for a 2km Macro cell is presented as additional information.
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Fig. 6 Zoom: Macro – Micro Blocking data in one plot UE 33 dBm 1,2 and 5km

Figure 6 shows a typical scenario for pure data UEs (33dBm) in a Macro cell network with cell radii of 1, 2 or 5 km. The scenarios for 1 and 5km was also used and agreed in TR 25.942. The result for a 2km Macro cell is presented as additional information. It can be seen that simulations with a 5km Macro cell grid results in interferer levels of > –25dBm with a probability of 0.01% in the case of a mobiles with 33dBm as maximum output power. On the other hand also in this worst-case scenario only in 0.03% of the cases larger signals than –30dBm are calculated. We assume that a more realistic a worst-case scenario could be based on a smaller Macro cell between 2 and 5km radius in case of an additional Micro cell deployment.

4 Conclusion and Proposal

Blocking performance

It has been shown e.g. in Fig.4a and 4b that the Blocking performance requirement for a general purpose BS of –40dBm interfering Signal mean power, as it is specified in TS 25.104 (Rel.99, Rel. 4 and Rel. 5), is in the order of 10dB to relaxed and not sufficient for a FDD Medium Range (Micro) base station (BS) at all. 

We propose an interfering signal mean power level of –30dBm as blocking requirement for the new medium range BS class. 

This requirement is sufficient for all agreed scenarios including Ues with a maximum output power of up to 24dBm. As additional information it was shown that the proposed value is also sufficient for Macro cells of 2km radius for all Ue classes.

This proposal is based also on the assumption that a scenario with a 5km Macro network plus an interfered Micro network plus 33dBm UEs using data services of 144kbps, is an unrealistic scenario. Also for this scenario is the calculated received interferer power only in 0.03% of the cases larger than the proposed value of –30dBm.

Adjacent Channel Selectivity

The ACIR (Adjacent Channel Interference Power Ratio) is in the up-link dominated by the ACLR performance of the terminals. Therefore it is not needed to change the minimum selectivity for the medium range BS from the selectivity used for a general purpose BS, as specified in TS 25.104 (Rel.99, Rel. 4 and Rel. 5). 

Additional it is expected that the ACS should be tested with a wanted signal 6 dB above sensitivity as for a general purpose BS. 

Based on the assumptions described before it is recommended to change the interferer signal mean power level linear with the wanted signal mean power. Based on a 10dB relaxed sensitivity for a Micro BS, as it was recommended in [2], the following values are proposed:

Wanted signal mean power:
-105dBm
(-115dBm general purpose BS)

Interfering signal mean power:
-42dBm
(-52dBm general purpose BS)

Intermodulation Characteristics

Receiver intermodulation can occur when two interfering signals with a particular relationship are applied to a BS receiver. It was described in [7] that the probability of two signals interfering the same BS simultaneously should be the same probability as for blocking interferer level, meaning 0.01%. Assuming two independent networks the probability is the multiplication of the probability of an interferer power level based on network 1 and the corresponding probability based on network 2.   

Starting with the likely scenario with two networks, one MACRO and one MICRO, serving Ues which interferes a victim Micro BS. In this case the interferer levels are normally not equal resulting in one Interferer with higher power (Inthigh) and one Interferer with low power (Intlow). On the other hand it is beneficial to recalculate a requirement based on equal interferers. This approach allows one requirement covering different scenarios. Based on a simple IM3 scenario the following formula can be used:

Equivalent Interfering Signal mean power [dBm] = (2* Inthigh [dBm] + Intlow [dBm])/ 3 

The CDF curve of a Micro – Micro scenario is very sharp (see Fig. 3b). The probability of an interference signal of > -66dBm is smaller than 1% but the probability of an interference signal of > -68dBm is in the order of 10%. Keeping the overall required probability of 0.01% and using a 10% probability for the interference of the Micro network a target value of 0.999 for the CDF of a Macro network is remaining. This results in an interferer level of –33dBm for the Inthigh. (Fig. 4a) The calculated interferer levels are:

Interferer Requirement [dBm] = (2* (-33) [dBm] +(-68) [dBm])/ 3 = -44.7dBm
Based on the calculation above an interfering signal mean power level of –44dBm is proposed.

Assuming now two equal but independent MACRO or Micro networks serving Ues which interferers a victim Micro BS. In this case the probability for one interfering signal increasing the required power level at the Micro BS receiver should be smaller than 1%. It is shown in Fig. 3b that the proposed requirement of –44dBm interferer level for a medium range BS is sufficient also for these scenarios.

Performance Requirements

All Performance requirements for the Medium Range could be identical with the requirements stated for the general purpose BS (Rel99, Rel-4 or rel-5) with the exemption of the requirements based on Multipath fading Case 4.

The multipath fading case 4 includes propagation conditions of Ues with a speed of 250km/h. This is equivalent with a speed of 70m/sec. The micro cells applications will have limited cell range e.g. a Micro network scenario as it is described in [5] with a line of sight distance of 180m. A Ue with a velocity of 250km/h will cross this type of Micro cell in less than 3sec. This is not a realistic scenario and we propose to limit the Performance requirements to Ue velocity of less than or equal 120km/h. (Case3)
- Text proposal for “TR(25.951 FDD Base Station Classification” -

7.1.5  Adjacent Channel Selectivity (ACS)
The chapter 7.4.1 TS 25.104 REL-6 should be changed as following:

7.4
Adjacent Channel Selectivity (ACS)

Adjacent channel selectivity (ACS) is a measure of the receiver ability to receive a wanted signal at is assigned channel frequency in the presence of a single code W-CDMA modulated 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 receiver filter attenuation on the adjacent channel(s).

7.4.1
Minimum requirement

The BER shall not exceed 0.001 for the parameters specified in Table 7.3.

Table 7.3: Adjacent channel selectivity

	Parameter
	Level

 Wide Area BS
	Level
Medium Range BS
	Unit

	Data rate
	12.2
	12.2
	kbps

	Wanted signal mean power
	-115
	-105
	dBm

	Interfering signal mean power
	-52
	-42
	dBm

	Fuw offset (Modulated)
	5
	5
	MHz


7.1.6
Blocking characteristics

The chapter 7.5.1 in TS 25.104 REL-6 should be changed as following:

7.5.1
Minimum requirement

The static reference performance as specified in clause 7.2.1 shall be met with a wanted and an interfering signal coupled to BS antenna input using the following parameters.

Table 7.4: Blocking performance requirement for Wide Area BS
	Operating Band
	Center Frequency of Interfering Signal
	Interfering Signal mean power
	Wanted Signal mean power
	Minimum Offset of Interfering Signal
	Type of Interfering Signal

	I
	1920 ‑ 1980 MHz
	-40 dBm
	-115 dBm 
	10 MHz
	WCDMA signal with one code

	
	1900 ‑ 1920 MHz

1980 ‑ 2000 MHz
	-40 dBm
	-115 dBm 
	10 MHz
	WCDMA signal with one code

	
	1 MHz -1900 MHz

2000 MHz ‑ 12750 MHz
	-15 dBm
	-115 dBm 
	(
	CW carrier

	II
	1850 ‑ 1910 MHz
	-40 dBm
	-115 dBm 
	10 MHz
	WCDMA signal with one code

	
	1830 ‑ 1850 MHz

1910 ‑ 1930 MHz
	-40 dBm
	-115 dBm 
	10 MHz
	WCDMA signal with one code

	
	1 MHz ‑ 1830 MHz

1930 MHz ‑ 12750 MHz
	-15 dBm
	-115 dBm 
	 (
	CW carrier

	III
	1710 – 1785 MHz
	-40 dBm
	-115 dBm 
	10 MHz
	WCDMA signal with one code

	
	1690 ‑ 1710 MHz

1785 – 1805 MHz
	-40 dBm
	-115 dBm 
	10 MHz
	WCDMA signal with one code

	
	1 MHz ‑ 1690 MHz

1805 MHz ‑ 12750 MHz
	-15 dBm
	-115 dBm 
	 (
	CW carrier


Table 7.4A: Blocking performance requirement for Medium Range BS
	Operating Band
	Center Frequency of Interfering Signal
	Interfering Signal mean power
	Wanted Signal mean power
	Minimum Offset of Interfering Signal
	Type of Interfering Signal

	I
	1920 ‑ 1980 MHz
	-30 dBm
	-105 dBm 
	10 MHz
	WCDMA signal with one code

	
	1900 ‑ 1920 MHz

1980 ‑ 2000 MHz
	-30 dBm
	-105 dBm 
	10 MHz
	WCDMA signal with one code

	
	1 MHz -1900 MHz

2000 MHz ‑ 12750 MHz
	-15 dBm
	-105 dBm 
	(
	CW carrier

	II
	1850 ‑ 1910 MHz
	-30 dBm
	-105 dBm 
	10 MHz
	WCDMA signal with one code

	
	1830 ‑ 1850 MHz

1910 ‑ 1930 MHz
	-30 dBm
	-105 dBm 
	10 MHz
	WCDMA signal with one code

	
	1 MHz ‑ 1830 MHz

1930 MHz ‑ 12750 MHz
	-15 dBm
	-105 dBm 
	 (
	CW carrier

	III
	1710 – 1785 MHz
	-30 dBm
	-105 dBm 
	10 MHz
	WCDMA signal with one code

	
	1690 ‑ 1710 MHz

1785 – 1805 MHz
	-30 dBm
	-105 dBm 
	10 MHz
	WCDMA signal with one code

	
	1 MHz ‑ 1690 MHz

1805 MHz ‑ 12750 MHz
	-15 dBm
	-105 dBm 
	 (
	CW carrier


Table 7.5: Blocking performance requirement (narrowband) for Wide Area BS
	Operating Band
	Center Frequency of Interfering Signal
	Interfering Signal mean power
	Wanted Signal mean power
	Minimum Offset of Interfering Signal
	Type of Interfering Signal

	II
	1850 ‑ 1910 MHz
	- 47 dBm
	-115 dBm 
	2.7 MHz
	GMSK modulated*

	III
	1710 – 1785 MHz
	- 47 dBm
	-115 dBm 
	2.8 MHz
	GMSK modulated*

	* GMSK modulation as defined in TS 45.004 [5].


Table 7.5 (a): Blocking performance requirement (narrowband) for Medium Range BS 

	Operating Band
	Center Frequency of Interfering Signal
	Interfering Signal mean power
	Wanted Signal mean power
	Minimum Offset of Interfering Signal
	Type of Interfering Signal

	II
	1850 ‑ 1910 MHz
	- 37 dBm
	-105 dBm 
	2.7 MHz
	GMSK modulated*

	III
	1710 – 1785 MHz
	- 37 dBm
	-105 dBm 
	2.8 MHz
	GMSK modulated*

	* GMSK modulation as defined in TS 45.004 [5].


7.1.7 Intermodulation characteristics
The chapter 7.6.1 TS 25.104 REL-6 should be changed as following:

7.6.1
Minimum requirement

The static reference performance as specified in clause 7.2.1 should be met in case of a Wide Area BS when the following signals are coupled to BS antenna input:

-
A wanted signal at the assigned channel frequency with a mean power of ‑115 dBm.

-
Two interfering signals with the following parameters. 

Table 7.6: Intermodulation performance requirement for Wide Area BS
	Operating band
	Interfering Signal mean power
	Offset
	Type of Interfering Signal

	I, II, III
	- 48 dBm
	10 MHz
	CW signal

	
	- 48 dBm
	20 MHz
	WCDMA signal with one code


Table 7.6A: Narrowband intermodulation performance requirement for Wide Area BS
	Operating band
	Interfering Signal mean power
	Offset
	Type of Interfering Signal

	II, III
	- 47 dBm
	3.5 MHz
	CW signal

	
	- 47 dBm
	5.9 MHz
	GMSK modulated*

	* GMSK as defined in TS45.004


The static reference performance as specified in clause 7.2.1 should be met in case of a Medium Range BS when the following signals are coupled to BS antenna input:

-
A wanted signal at the assigned channel frequency with a mean power of ‑105 dBm.

-
Two interfering signals with the following parameters. 

Table 7.6: Intermodulation performance requirement for Medium Range BS 
	Operating band
	Interfering Signal mean power
	Offset
	Type of Interfering Signal

	I, II, III
	- 44 dBm
	10 MHz
	CW signal

	
	- 44 dBm
	20 MHz
	WCDMA signal with one code


Table 7.6A: Narrowband intermodulation performance requirement for Medium Range BS (TBD)
	Operating band
	Interfering Signal mean power
	Offset
	Type of Interfering Signal

	II, III
	- 43 dBm
	3.5 MHz
	CW signal

	
	- 43 dBm
	5.9 MHz
	GMSK modulated*

	* GMSK as defined in TS45.004


7.1.8
Demodulation in static propagation conditions
No changes based on the new Medium Range BS class.

7.1.9
Demodulation of DCH in multipath fading conditions
The chapter  8.3.4 TS 25.104 REL-6 should be changed as following:

8.3.4
Multipath fading Case 4

The performance requirement of DCH in multipath fading Case 4 in case of a Wide Area BS is determined by the maximum Block Error Ratio (BLER ) allowed when the receiver input signal is at a specified Eb/N0  limit. The BLER is calculated for each of the measurement channels supported by the base station.

8.3.4.1
Minimum requirement

The BLER should not exceed the limit for the Eb/N0 specified in Table 8.5A.

Table 8.5A: Performance requirements in multipath Case 4 channel for Wide Area BS
	Measurement channel
	Received Eb/N0
	Required BLER

	12.2 kbps
	n.a.
	< 10-1

	
	10.2 dB
	< 10-2

	
	11.0 dB
	< 10-3

	64 kbps
	6.4 dB
	< 10-1

	
	6.8 dB
	< 10-2

	
	7.1 dB
	< 10-3

	144 kbps
	5.8 dB
	< 10-1

	
	6.2 dB
	< 10-2

	
	6.6 dB
	< 10-3

	384 kbps
	6.2 dB
	< 10-1

	
	6.6 dB
	< 10-2

	
	7.2 dB
	< 10-3


7.1.10 Demodulation of DCH in moving propagation conditions

No changes based on the new Medium Range BS class.

7.1.11 Demodulation of DCH in birth/death propagation conditions
No changes based on the new Medium Range BS class.
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Annex A: Simulation parameters

	Simulation parameter
Uplink
	3GPP TR 25.942

	Used value

	MCL macro / micro 
	70 / 53 dB
	70 / 53 dB

	Antenna gain (including losses
Base station
Mobile 
	
11 dBi 
0 dBi
	
11 dBi
0 dBi

	Log-normal shadow fading 
standard deviation
	10 dB
	10 dB

	Noise floor RBS receiver
Macro / micro 
	-103 / -103  dBm
	-103 / -93 dBm

	Maximum TX power speech
	21 dBm interpolated to 33dBm
	21, 24, 27, 33 dBm

	Maximum TX power data
	21 dBm interpolated to 33dBm
	21, 33 dBm

	Minimum TX power speech
	- 44 dBm
	-50 dBm

	ACIR 
	33 dB
	33 dB

	Power control
	Perfect PC
	Perfect PC

	Power control  error
	0 dB
	0.01 dB

	Outage condition
	C/I target not reached due to lack of TX power
	C/I target not reached due to lack of TX power

	Admission control
	Not included
	Not included

	Macro User distribution in macro network
	Random and uniform over the network
	Random and uniform over the network

	Micro User distribution in micro network
	Random and uniform over the streets 
	Random and uniform over the streets 

	Macro User distribution in micro network
	Not specified
	Random and uniform over the streets 

	Bit rate speech
	8 kbps
	8 kbps

	Activity factor speech
	100 %
	100 %

	Eb/No target speech 
 macro / micro
	6.1 /  3.3 dB
	6.1 / 3.3 dB

	Bit rate data
	144 kbps
	144 kbps

	Activity factor data
	100 %
	100 %

	Eb/No target data 
macro / micro
	3.1 / 2.4 dB
	3.1 / 2.4 dB

	Micro deployment
	Manhattan scenario
	Manhattan scenario

	Block size
	75 m
	75 m

	Road width
	15 m
	15 m

	Intersite distance between line-of-sight
	180
	180

	Number of micro cells
	72
	72

	Number of macro cells
	3 affected macros
	3 affected macros

36 in total

	Macro cell radius
	1 km / 5km
	1 km / 2km / 5km


Table 1: Simulation Parameters.
Annex B: Micro-Micro scenario on adjacent frequencies

Used layout of single micro layer as described in TR 25.942. Another micro layer is added by placing base stations in the middle of the other bases.

[image: image9.emf]
Figure 5: Micro-Micro layout [units in meter].

Speech

Capacity loss in micro networks < 0.5 % for noise floor range –103 dBm to –73 dBm.

Data 144 kbps

Capacity loss in micro networks < 0.3 % for noise floor range –103 dBm to  -73 dBm.
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