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Some aspects on wide band noise limit in MC-BTS
1 Introduction
In TS 45.005 subclause 4.2.1 on Spectrum due to modulation and wide band noise the requirements on the emissions outside the channel bandwidth are defined relative to the carrier power. To avoid unnecessary harsh requirements at low output power, some low absolute limits of wideband noise are specified at the end of the same subclause, i.e. -65 dBm for 900 MHz and -57 dBm for 1800 MHz. These limits will have impact only when the output power is reduced to less than +20 dBm (for offsets > 6 MHz) or +5 dBm (for offset above 1.8 MHz) for normal BTS. 

In the specification for MC-BTS the Wide-band noise requirements are related to the number of active carriers (N) in such a way that the limits are increased by 10*LOG(N) compared to a single active carrier. In reference [1] it is only proposed to use the same value for the low absolute limits as for single-carrier TRX based BTS. We should at least consider revising the requirements by adding 10*LOG(N).  
However, there still seems to be inconsistencies in the specification regarding wide band noise requirements as GSM systems on other frequency band are allowed to emit -57 dBm (900 MHz) and -47 dBm (1800 MHz) respectively, using the same measurement technique and bandwidth as stated in subclause 4.2.1. In addition spurious emission inside the transmit band is allowed up to -36 dBm.
It is unclear how the original specification requirements were derived. In addition the technology used for multicarrier base stations is different from BTSs based on single-carrier transceivers. The possibility to reduce power by simply attenuate carrier and noise simultaneously may not be possible for MC-BTS to fully exploit the flexibility benefits of MC-BTS in dynamic scenarios. Thus some investigations are provided in this document. Simulations are performed to evaluate the impact from changing the low absolute limit of wideband noise by reusing relevant scenarios from previous MC-BTS simulations. This will over-estimate the impact as the degree of downlink power control applied may be different for each mobile. However, the simulations will give a fair indication of the maximum impact.
2 Simulations

Simulations to evaluate the impact on system performance for some small cell scenario utilizing the low power BTS have been performed. The simulations are based on two diverse scenarios in reference [2], called street-level microcell system interfered by urban macrocell system and street-level microcell system interfered by small urban macrocell system. The models used have considered the impact of BTS IM and wideband noise for the interfering BTSs, and MS noise factor and MS IM. Regarding the propagation models realistic urban propagation models have been used to take line-of-sight effects into account. 

The spectrum mask and wideband noise contribution for each carrier is modelled according to the requirements for MC-BTS including the low absolute limit for wideband noise (WBN). This reference limit is set to -65 dBm + 10*LOG(N) and compared with changing the limit to -47 dBm and -36 dBm respectively, measured in 100 kHz bandwidth and independent of N, to see the impact on the network performance. 
2.1 Simulator assumptions
Two systems are operating in the same area. When the systems are uncoordinated, the two networks site coordinates are shifted to get a near far situation, i.e. the BTSs of the interfering network are located as close as possible the cell borders of the victim network. The networks are operating in frequency band adjacent to each other with one GSM channel as guard band. 
Three types of systems are defined with different characteristics and parameters in Table 1. 

	Network type
	Urban macrocell
	Small urban macrocell 
	Streetlevel microcell

	Propagation model
	Walfish-Ikegami / Okumura-Hata (sigma=8), with LOS-model from COST 259.
	COST 231 Walfish-Ikegami incl. LOS-model, described in TS 25.996 
	ITU-R P.1411-4 chapter 4.3. 

	Cell radius
	600 m
	150 m
	120 m

	Site-to-site distance
	1800 m
	450 m
	207 m

	Cell range
	1200 m
	300 m
	120 m

	Site type
	3-sector
	3-sector
	Omnicell

	Antenna gain
	15 dBi
	8 dBi
	0 dBi

	Min. MS-BTS distance
	30 m
	10 m
	5 m

	Site height
	17 m
	12.5 m
	5 m

	Average roof height
	12 m
	12 m
	N/A

	BTS power
	39 dBm
	31 dBm
	24 dBm


Table 1. Network specific parameters

The propagation models used are based on NLOS models, updated with LOS probability. The probability is different for the different cells:

For Urban Macro cells the probability of LOS is based on a geometrical approximation of the visibility of an antenna from the street. The antenna is positioned in the roof centre of a block house. Parameters are roof height (12m) and antenna height (17m). The probability decreases linearly with distance with a cut-off distance of 500m. As an example, at the distance of 50 m, the probability is 26% and for 200m the probability is 18%. The probability is based on measurements in the metro area of medium-sized city.
For the Small Urban Macro cells similar model is used but, as the antennas are positioned at roof level, a linear probability decrease with a cut-off distance of 300m was assumed to be sufficient.

The urban LOS-model described ITU-R P.1411-4 for the street-level micro-cells is completely based on probabilities, based on measurements in a large city. The procedure to get the applicable propagation path loss could be summarized as follows.

1. For every link between all mobiles to all base stations, generate a uniform random value X between 0 and 100.

2. Based on the distance between the mobile and the base station, the model generates a probability P for line-of-sight.

3. If X<P, choose the LOS propagation model, otherwise choose the NLOS propagation model.

The model also includes a transition region (distance) between LOS and NLOS where the path loss is linearly interpolated between the two propagation models. As an example, if the mobile is 20m from the base station the model yields a 56% probability for LOS, at 50m it is 36% and at 100m it is 24%. 
The 3-sector antenna used has the same antenna horizontal diagram as the one described in UMTS TR 30.03. In the vertical plane the model in ITU-R F.1336-2. The standard deviation of the slow fading is 8 dB.
In Table 2 some common parameters for the networks are defined.

	Frequency reuse pattern (victim)
	3/9 

	Frequency reuse pattern (aggressor)
	1/3 or 3/9

	Power regulation
	Off

	TRXs per cell (victim)
	3

	TRXs per cell (aggressor)
	9 or 3

	Carriers per MCPA
	9 or 3

	MS noise factor
	6 dB

	MS IM performance
	IP3 = -5 dBm


Table 2. General parameters

The interference between the different pairs of network types is studied. Two configurations were studied: Frequency hopping is activated in the victim system and non-hopping victim system. The interfering system is always non-hopping.

The simulation has been performed with BTS IM suppression levels of -70 and -60 dBc (average values), as specified for MC-BTS class 1 and 2 respectively. As in [2] only IM3 products ( 3 channels wide) are considered, as it is assumed that higher order products will fall within the requirements for wideband noise for low power base stations.
The interference from transmitters in the disturbing system are modelled as emitting as maximum of the sum of wideband noise for all carriers and the spurious emission requirements added to the IBSS intermodulation products. Thus there will be some impact on all used channels but to different degree. The probability for occurrence of spurious emission bands at -36 dBm power level is set to 20*(1+0.05)(N-1) %, where n is the number of active carriers in the aggressor system, for each scenario. For 9 active carriers in each cell of the aggressor system this corresponds to almost 30%. This is still considered as a pessimistic case. 

Note that wideband noise, spurious emissions and intermodulation products in base stations are only considered as emitted by the aggressor system while the victim system is ideal (i.e. no IM, spurious emissions or wideband noise). Thus the comparisons are somewhat pessimistic. 
A graph showing the cell borders and the location of BTSs is in Figures 1 and 2.
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	Figure 1. The interfering system (red) has tri-sector cells with a radius of 150 m. The victim system (blue) has omni cells with a radius of 120 m. 
	Figure 2. The interfering system (red) has tri-sector cells with a radius of 600 m. The victim system (blue) has omni cells with a radius of 120 m.


2.2 Simulation results

The impact on EGPRS and EGPRS2-A has been obtained by mapping C/I to bit rate. The mapping tables have been obtained from link level simulations. This mapping has been performed for average C/I per position. 
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Figure 3. Mapping Throughput to C/I for EGPRS and EGPRS2-A
The throughput for each measured position has been estimated by using this mapping for EGPRS and EGPRS2-A.
Curves that are marked original, show the C/I when no imperfection in MS or aggressor BTS exist, i.e. due to co-channel interference only. 
2.3 Street level Micro interfered by Urban Macro, FH, 1/3 re-use
In this scenario a victim micro network is studied, with antennas sited typically 5 meters above street level. In the interfering macrocell system the sites are located 5 meters above the roof tops. The sites of the disturbing system are located on the borders of the victim system. A line-of-sight model has been used to determine when different path loss models should be used. As can been seen in figure 4, C/I values in these sorts of networks are high, which means that even small interference will cause degradation, as can be seen in figure 5. However bitrates are not affected as much as radio quality is still good. This can be seen in figure 7 and figure 8.
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	Figure 4. C/I CDF comparing MCBTS WBN lower limit requirements reference level), -47 and ‑36 dBm. 


Figure 6 shows the increased risk for dropped calls for different lower limits for WBN.
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	Figure 5. C/I degradation CDF comparing relaxed IM requirement to -60 and -70 dBc.
	Figure 6. Increased risk for dropped call (C/I lowered below drop threshold) due to increase in MCBTS WBN lower limit requirements.
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	Figure 7. EGRPS bitrate degradation CDF comparing increased MCBTS WBN lower limit requirements, -47 and ‑36 dBm.
	Figure 8. EGRPS2-A bitrate degradation CDF comparing increased MCBTS WBN lower limit requirements, -47 and ‑36 dBm.


The impact due to increased lower wideband noise level is very small for both multicarrier BTS class 1 and class 2. Although the mean C/I is high, the impact on EGPRS and EGPRS2-A throughput is marginal. Even for WBN level limit equal to -36 dBm, the impact is less than 1 kbit/s for 99,9% of the users. 
2.4  Street level Micro interfered by Urban Small Macro, FH, 1/3 re-use
In this case the interference between two uncoordinated systems of different types and cell size is simulated, see Figure 1. The C/I distribution for the victim network is shown in Figure 9.
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	Figure 9. C/I CDF comparing MCBTS WBN lower limit requirements reference level, -47 and ‑36 dBm.


Corresponding distribution of C/I degradation and the risk of dropped call is shown Figure 10 and Figure 11, respectively.
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	Figure 10. C/I degradation CDF comparing increased MCBTS WBN lower limit requirements, -47 and ‑36 dBm.
	Figure 11. Increased risk for dropped call (C/I lowered below drop threshold) due to increase in MCBTS WBN lower limit requirements.


Corresponding distribution of degradation in bitrates is shown in Figure 12 and Figure 13.
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	Figure 12. EGRPS bitrate degradation CDF comparing increased MCBTS WBN lower limit requirements, -47 and ‑36 dBm.
	Figure 13. EGRPS2-A bitrate degradation CDF comparing increased MCBTS WBN lower limit requirements, -47 and ‑36 dBm.


In this case the impact is slightly higher but still small. The C/I degradation at 40 dB C/I is less than 0.18 dB even for WBN limit of -36 dBm. The impact is slightly higher for multicarrier BTS class 1 as the noise level is closer to the IM level. The throughput for EGPRS is degraded less than 1 kbit/s for 99% of the users for class 1 and 99,8% of the users for class 2. EGPRS2-A throughput is degraded less than 1 kbit/s for 97% (class 1) and 99,2% (class 2) respectively. The conclusion is that the impact is very small even with a -36 dBm WBN limit. 
2.5 Street level Micro interfered by Urban Macro, FH, 3/9 re-use
This scenario is similar to 2.3, except that the aggressor system has a 3/9 frequency plan with only three active carriers per cell. As can be seen in the figures, the intermodulation interference is smaller and so the degradation due to wideband noise is more easily seen. The C/I distribution can be seen in Figure 15 and degradation of bitrates in Figures 17 and 18.
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	Figure 14. C/I CDF comparing MCBTS WBN lower limit requirements reference level), -47 and ‑36 dBm. 


Figure 16 shows the increased risk for dropped calls for different lower limits for WBN.
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	Figure 15. C/I degradation CDF comparing relaxed IM requirement to -60 and -70 dBc.
	Figure 16. Increased risk for dropped call (C/I lowered below drop threshold) due to increase in MCBTS WBN lower limit requirements.
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	Figure 17. EGRPS bitrate degradation CDF comparing increased MCBTS WBN lower limit requirements, -47 and ‑36 dBm.
	Figure 18. EGRPS2-A bitrate degradation CDF comparing increased MCBTS WBN lower limit requirements, -47 and ‑36 dBm.


The impact from raising the WBN limit to -47 dBm is insignificant. If the WBN limit is increased to -36 dBm the C/I degradation at 40 dB C/I is 0,2 dB. However, the character of noise imply that the impact on throughput is higher: more than 1 kbit/s degradation is shown for 2,5% of the users for EGPRS and 6% for EGPRS2-A for both multicarrier BTS classes. For a WBN level of -36 dBm 1% of the locations will experience more than 2.5 dB degradation in C/I. The degradation of bit rates is less than 4 kbits/s for 99% of the locations (EGPRS2-A).
2.6 Street level Micro interfered by Urban Small Macro, FH, 3/9 re-use
This scenario is similar to 2.4, except that the aggressor system has a 3/9 frequency plan with only three active carriers per cell. As can be seen in the figures, the intermodulation interference is smaller and so the degradation due to wideband noise is more easily seen. The C/I distribution is presented in Figure 19 and degradation of bitrates in Figures 22 and 23.
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	Figure 19. C/I CDF comparing MCBTS WBN lower limit requirements reference level, -47 and ‑36 dBm.


Corresponding distribution of C/I degradation and the risk of dropped call is shown in Figure 20 and 21, respectively.
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	Figure 20. C/I degradation CDF comparing increased MCBTS WBN lower limit requirements, -47 and ‑36 dBm.
	Figure 21. Increased risk for dropped call (C/I lowered below drop threshold) due to increase in MCBTS WBN lower limit requirements.


Corresponding distribution of degradation in bitrates is shown in Figures 23 and 23.
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	Figure 22. EGRPS bitrate degradation CDF comparing increased MCBTS WBN lower limit requirements, -47 and ‑36 dBm.
	Figure 23. EGRPS2-A bitrate degradation CDF comparing increased MCBTS WBN lower limit requirements, -47 and ‑36 dBm.


For a WBN level of -47 dBm the impact on bitrates and C/I seem insignificant. For WBN level -36 dBm 1% of the locations will experience more than 0.5 dB degradation in C/I. The degradation of bit rates is less than 0.5 kbit/s for 99% of the locations (EGPRS2-A). 
3 Conclusions

Simulations have been performed for two different scenarios, where the interference between two different types of networks has been studied. The impact on performance from changing the level of absolute lower limit for the wideband noise in the disturbing system, utilizing MC-BTS, has been evaluated. The results indicate that the impact from changing the absolute limits for wide band noise to the limits of allowed interference from 1800 MHz band is small for both multicarrier BTS class 1 and 2.  
4 Proposal

It is proposed to use the same limit for the absolute low limit of wideband noise as used for co-existence with systems operating at 1800 MHz band, i.e. -47 dBm measured in 100 kHz bandwidth. This requirement is proposed in [3] and could easily be merged with the CR in [1] for subclause 4.2.1.
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