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1 Introduction

3GPP RAN WG4 is currently specifying a new base station class for 3G Home NodeBs (HNB). According to objective 1 of the WID [1], the task is to update the radio requirements in TS 25.104, where appropriate.
This paper analyses the impact of spectrum emission mask for co-existence scenarios, where the HNBs have been deployed on a carrier that has a +/- 15 MHz offset with respect to the overlaying macro cells. The assumed modeling considers both the impact of HNB spectrum emission mask and macro UE (MUE) receiver blocking on the MUE performance.

2 Current RF requirements
2.1 UE receiver blocking

For the UE receiver blocking at +/- 15 MHz offset, [2] specifies a minimum requirement that the UE sensitivity shall not be reduced more than 3 dB, when the interference power is equal to -44 dBm. Assuming UE noise figure of 9 dB, this would correspond to an attenuation (“ACS3”) of approximately 55 dB.

However, it is likely that the UE receiver will be functional even with higher interference powers. In this paper it has been assumed that the highest interference power (at +/- 15 MHz offset) that the UE receiver can tolerate is equal to -32 dBm (resulting in 12.4 dB receiver desensitization). If the received interference power is higher, the UE is assumed to go into compression resulting in a dropped call (HSDPA bit rate is set equal to zero).
2.2 Base station spectrum emission mask

The current spectrum emission mask applicable to HNB (P < 31 dBm) specifies that the emissions at +/- 15 MHz offset from the carrier frequency shall not exceed -25 dBm/MHz (i.e. -19.2 dBm/3.84 MHz), see Figure 1 [3].
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Figure 1. Base station spectrum emission mask.

3 Scenario and assumptions
The simulations assume the same macro cell and HNB models as in [4]. Furthermore, a 5 dB wall loss between apartments has been assumed. The only differences compared to [4] are the adjacent channel interference model consisting of both UE “ACS3” and HNB emissions at +/- 15 MHz, as well as the modeling of UE compression.

The UE “ACS3” is assumed to be equal to 55 dB, and the UE is assumed to go into compression with interference levels equal to -32 dBm or higher. The simulations are run for HNB out of band emissions equal to {-25, -30, -35, -40, -45, -50, -55} dBm/MHz, and maximum HNB output power equal to {0, 5, 10, 15, 20} dBm. The maximum HNB output power is needed to model the impact of UE “ACS3” and the UE compression.

4 MUE desensitisation

One way to study if the assumed co-existence scenario is limited by the HNB out of band emissions or the UE receiver blocking is to look at the probability that the UE sensitivity is degraded by 3 dB. For HNB emissions this would mean the probability that the received power at the MUE downlink carrier, caused by HNB out of band emissions, is equal to the MUE noise floor of -99 dBm. For UE receiver blocking, we will look at the probability that the received power on the HNB downlink carrier is larger than -44 dBm.

The comparison considers only locations inside the assumed apartment block, and assumes HNB deployment density equal to 25%. Furthermore, it is assumed that also the HNB out of band emissions follow the HNB HSPA utilization model. Hence, the emissions are reduced to 20% of maximum, when the HNB is not scheduling a user.
The simulation results are shown in Figure 2. Assuming a HNB maximum output power of 20 dBm, the HNB out of band emissions are limiting the MUE desensitization scenario, if the level of emissions is approximately -41 dBm/MHz or higher, or basically when HNB “ACLR3” is equal to UE “ACS3”, that is 55 dB.
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Figure 2. Probability that the HNB spectral emissions are desensitizing the MUE by 3 dB vs the probability that the received HNB carrier power is larger than -44 dBm..

Looking at base station output powers (P) equal or larger than 31 dBm, the current requirements in [3] follow a model: P1MHz = P – 56 dB (i.e. “ACLR3” equal to 50.2 dBc). If a similar approach would be applied also for P < 31 dBm, it would for example result in P1MHz = -36 dBm/MHz for P = 20 dBm, or P1MHz = -56 dBm/MHz for P = 0 dBm. Hence, 11 dB and 31 dB harder emission requirements than specified by the current version of [3], but still reasonable considering the required ACLR2 equal to 50 dBc.  
One simple way to define a spectrum mask for HNB would be to take the relative approach (P1MHz = P – 56 dB for frequency offsets larger than 7.5 MHz), in which case the spectrum emission limit would depend on the selected HNB output power, at least for 0 dBm ≤ P ≤ PRAT. This kind of requirement would also harmonize the required base station ACLR2 (50 dBc) and ACLR3.

In order to motivate the need to tighten the current spectrum emission mask, system simulations have been run, considering a +/- 15 MHz frequency offset between the macro cell and the underlaying HNBs. Furthermore, the simulations results are studied to check if a suitable spectrum emission limit (for +/- 15 MHz) can be found, which could be applicable for a range of PHNBmax values (similar approach as currently for P < 31 dBm). The simulation results are shown in the next chapter.
5 Impact on macro cell performance

In this chapter, the impact of HNB out of band emissions (+/- 15 MHz) on macro cell downlink performance is studied.

5.1 Small macro cells

The results for small macro cells (3GPP Case 1) are shown in the following sub-sections. The assumed PHNBmax has a noticeable impact only for 15 dBm and 20 dBm cases, where the UE ACS3 and in particularly UE compression start to affect the results. For lower PHNBmax levels the co-existence performance is clearly limited by the HNB out of band emissions. There, most of the achievable performance improvement is gained by limiting the emissions to -45…-40 dBm/MHz.
5.1.1 PHNBmax = 0 dBm
Simulation results for the average macro cell HSDPA bit rates are shown in Figure 3 to Figure 5 for the assumed HNB deployment densities (10%, 25%, 33%, 50% 100%). The relative bit rates are calculated with respect to the scenario without HNBs.
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Figure 3. Relative average HSDPA bit rate for 10% and 25% HNB deployment densities.
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Figure 4. Relative average HSDPA bit rate for 33% and 50% HNB deployment densities.
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Figure 5. Relative average HSDPA bit rate for 100% HNB deployment density.
5.1.2 PHNBmax = 5 dBm
Simulation results for the average macro cell HSDPA bit rates are shown in Figure 6 to Figure 8 for the assumed HNB deployment densities. The relative bit rates are calculated with respect to the scenario without HNBs.
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Figure 6. Relative average HSDPA bit rate for 10% and 25% HNB deployment densities.
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Figure 7. Relative average HSDPA bit rate for 33% and 50% HNB deployment densities.
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Figure 8. Relative average HSDPA bit rate for 100% HNB deployment density.
5.1.3 PHNBmax = 10 dBm
Simulation results for the average macro cell HSDPA bit rates are shown in Figure 9 to Figure 11 for the assumed HNB deployment densities. The relative bit rates are calculated with respect to the scenario without HNBs.
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Figure 9. Relative average HSDPA bit rate for 10% and 25% HNB deployment densities.
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Figure 10. Relative average HSDPA bit rate for 33% and 50% HNB deployment densities.
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Figure 11. Relative average HSDPA bit rate for 100% HNB deployment density.
5.1.4 PHNBmax = 15 dBm
Simulation results for the average macro cell HSDPA bit rates are shown in Figure 12 to Figure 14 for the assumed HNB deployment densities. The relative bit rates are calculated with respect to the scenario without HNBs.
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Figure 12. Relative average HSDPA bit rate for 10% and 25% HNB deployment densities.
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Figure 13. Relative average HSDPA bit rate for 33% and 50% HNB deployment densities.
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Figure 14. Relative average HSDPA bit rate for 100% HNB deployment density.

5.1.5 PHNBmax = 20 dBm

Simulation results for the average macro cell HSDPA bit rates are shown in Figure 15 to Figure 17 for the assumed HNB deployment densities. The relative bit rates are calculated with respect to the scenario without HNBs.
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Figure 15. Relative average HSDPA bit rate for 10% and 25% HNB deployment densities.
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Figure 16. Relative average HSDPA bit rate for 33% and 50% HNB deployment densities.
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Figure 17. Relative average HSDPA bit rate for 100% HNB deployment density.

5.2 Large macro cells
The results for large macro cells (3GPP Case 3) are shown in the following sub-sections. Similar to the small macro cells, the assumed PHNBmax has a noticeable impact only for 15 dBm and 20 dBm cases, where the UE ACS3 and UE compression start to affect the results. For lower PHNBmax levels the co-existence performance is clearly limited by the HNB out of band emissions. Due to larger path losses towards the serving base stations, the performance of MUEs is more sensitive to additional downlink interference caused by the HNB out of band emissions. This is also reflected in the results: the emissions should be limited to at least -50 dBm/MHz. Following the approach with relative requirement, the -50 dBm/MHz emission limit would correspond to P ≤ 6 dBm. For larger P values, the applicable spectrum emission mask should be calculated as P1MHz = P – 56 dB. Hence, a fairly small relaxation compared to the relative approach for P ≥ 0 dBm.
5.2.1 PHNBmax = 0 dBm
Simulation results for the average macro cell HSDPA bit rates are shown in Figure 18 to Figure 20 for the assumed HNB deployment densities. The relative bit rates are calculated with respect to the scenario without HNBs.
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Figure 18. Relative average HSDPA bit rate for 10% and 25% HNB deployment densities.
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Figure 19. Relative average HSDPA bit rate for 33% and 50% HNB deployment densities.
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Figure 20. Relative average HSDPA bit rate for 100% HNB deployment density.
5.2.2 PHNBmax = 5 dBm
Simulation results for the average macro cell HSDPA bit rates are shown in Figure 21 to Figure 23 for the assumed HNB deployment densities. The relative bit rates are calculated with respect to the scenario without HNBs.
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Figure 21. Relative average HSDPA bit rate for 10% and 25% HNB deployment densities.

[image: image36.emf]0 20 40 60 80 100

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

HNB HSPA Utilization [%]

Relative Average HSDPA Bit rate

HNB Max Power = 5 dBm. Deployment Density = 33%

 

 

-25 dBm

-35 dBm

-40 dBm

-45 dBm

-50 dBm

-55 dBm

 [image: image37.emf]0 20 40 60 80 100

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

HNB HSPA Utilization [%]

Relative Average HSDPA Bit rate

HNB Max Power = 5 dBm. Deployment Density = 50%

 

 

-25 dBm

-35 dBm

-40 dBm

-45 dBm

-50 dBm

-55 dBm


Figure 22. Relative average HSDPA bit rate for 33% and 50% HNB deployment densities.
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Figure 23. Relative average HSDPA bit rate for 100% HNB deployment density.
5.2.3 PHNBmax = 10 dBm
Simulation results for the average macro cell HSDPA bit rates are shown in Figure 24 to Figure 26 for the assumed HNB deployment densities. The relative bit rates are calculated with respect to the scenario without HNBs.
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Figure 24. Relative average HSDPA bit rate for 10% and 25% HNB deployment densities.
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Figure 25. Relative average HSDPA bit rate for 33% and 50% HNB deployment densities.
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Figure 26. Relative average HSDPA bit rate for 100% HNB deployment density.
5.2.4 PHNBmax = 15 dBm

Simulation results for the average macro cell HSDPA bit rates are shown in Figure 27 to Figure 29 for the assumed HNB deployment densities. The relative bit rates are calculated with respect to the scenario without HNBs.
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Figure 27. Relative average HSDPA bit rate for 10% and 25% HNB deployment densities.

[image: image46.emf]0 20 40 60 80 100

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

HNB HSPA Utilization [%]

Relative Average HSDPA Bit rate

HNB Max Power = 15 dBm. Deployment Density = 33%

 

 

-25 dBm

-35 dBm

-40 dBm

-45 dBm

-50 dBm

-55 dBm

 [image: image47.emf]0 20 40 60 80 100

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

HNB HSPA Utilization [%]

Relative Average HSDPA Bit rate

HNB Max Power = 15 dBm. Deployment Density = 50%

 

 

-25 dBm

-35 dBm

-40 dBm

-45 dBm

-50 dBm

-55 dBm


Figure 28. Relative average HSDPA bit rate for 33% and 50% HNB deployment densities.
[image: image48.emf]0 20 40 60 80 100

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

HNB HSPA Utilization [%]

Relative Average HSDPA Bit rate

HNB Max Power = 15 dBm. Deployment Density = 100%

 

 

-25 dBm

-35 dBm

-40 dBm

-45 dBm

-50 dBm

-55 dBm


Figure 29. Relative average HSDPA bit rate for 100% HNB deployment density.

5.2.5 PHNBmax = 20 dBm

Simulation results for the average macro cell HSDPA bit rate are shown in Figure 30 to Figure 32 for the assumed HNB deployment densities. The relative bit rates are calculated with respect to the scenario without HNBs.
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Figure 30. Relative average HSDPA bit rate for 10% and 25% HNB deployment densities.
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Figure 31. Relative average HSDPA bit rate for 33% and 50% HNB deployment densities.
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Figure 32. Relative average HSDPA bit rate for 100% HNB deployment density.

6 Conclusions

Since the spectrum emission mask is typically expressed as absolute power levels, the RF requirements should make sure that even in larger macro cells the performance will not be significantly reduced. A simple way to define a spectrum mask (valid for frequency offsets larger than 7.5 MHz) for Home NodeBs would be to take the relative approach: P1MHz = P – 56 dB, at least for 0 dBm ≤ P ≤ PRAT. Hence, the spectrum emission mask would depend on the selected HNB output power. This kind of requirement would also harmonize the required base station ACLR2 (50 dBc) and ACLR3. For P < 0 dBm, a fixed emission limit equal to -56 dBm/MHz can be applied.
As an alternative, this paper has looked at the possibility to have a single emissions limit for all reasonable levels of HNB output power, similar to the current spectrum emission mask for P < 31 dBm. Looking at the simulation results, an emission limit (+/- 15 MHz) as low as -50 dBm/MHz would be needed to achieve a capacity reduction less than 5% even in larger macro cells, considering reasonable levels of HNB HSPA utilization, HNB deployment density and PHNBmax. Following the approach with relative requirement, the -50 dBm/MHz emission limit would correspond to P ≤ 6 dBm. For larger P values, the applicable spectrum emission mask should be calculated as P1MHz = P – 56 dB. Hence, a fairly small relaxation compared to the relative approach for P ≥ 0 dBm.
As a summary, there would be a need to add a new spectrum emission mask table into TS 25.104, which would take the low base station output levels typical for Home NodeBs better into account. A simple approach would follow the P1MHz = P – 56 dB (P ≥ 0 dBm) requirement for the frequency offsets larger than 7.5 MHz. Alternatively, a single emission limit could be applied to all reasonable levels of HNB output power. According to the simulation results in this paper, such a limit should be as low as -50 dBm/MHz considering the co-existence scenario with +/- 15 MHz frequency offset, and P ≤ 6 dBm. For P > 6 dBm, the relative approach with P1MHz = P – 56 dB should be applied.
Finally, similar to the results in [4] and [5], the simulation results presented in this paper suggest that the PHNBmax should be limited to a value less than 15 dBm.
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