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1	Introduction
In this paper, coverage enhancements enabled by using four base station antennas as compared to using two base station antennas, are evaluated for low band (700MHz). It is seen that significant gains are achieved, especially in the uplink.
Note that the use of four BS antennas does not need additional standard support. The intention with the paper is to show that significant gains are achievable already within the current standard.
Link level results are presented in section 2, and system level results are presented in section 3. 
[bookmark: _Ref178064866]2	Link level results
Link performance in terms of the SNR required to meet certain error rates have been derived using the same assumptions as in [1]. The resulting SNR requirements for two and four BS antennas are presented in Figure 1 for low quality requirements (10% error rates) and Figure 2 for high quality requirements (1% error rates). Note that in the downlink, the use of four BS is only applied to PDSCH. It is seen that gains in the order of 2-4dB are achieved.
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[bookmark: _Ref40352667]Figure 1. SNR requirements for 4 (blue) and 2 (red) BS antennas. Low quality requirements.
[image: ]
[bookmark: _Ref40352659]Figure 2. SINR requirements for 4 (blue) and 2 (red) BS antennas. High quality requirements.

[bookmark: _Hlk35883266]3. System-level models and results 
System-level performance in terms of the fraction of users, or maximum isotropic loss for, reaching the required error rates have been derived using the same assumptions as in [1]. The studied scenario is Rural Macro with 7km ISD, a carrier frequency of 700MHz and a system using 2x10MHz FDD. 
Results for the low quality requirements are shown in Figure 3 - Figure 5. Figure 3 shows SINR distributions and coverage for different channels. For each channel the SINR requirement for the cases with two and four BS antenna are indicated with markers, and the relative coverage (or outage) can be read at the corresponding value on the vertical axis. The SINR requirements and outage levels for the lower of the quality requirements are also included in the figure legend. Figure 4 shows the same information as a bar graph with the coverage per channel for the cases with two (red) and four (blue) base station antennas. Figure 5 shows an estimate of maximum isotropic loss supported by each channel.
It is seen that the use of four BS antennas significantly improve the coverage of the uplink data and control channels, which are the ones with the worst coverage.
Similar results for the high quality requirements are shown in Figure 6 - Figure 8. In this case the gains in relative coverage are a little higher.
Observation:
· Using four instead of two BS antennas for low band significantly improves coverage, for example by 2-4 dB at the link level. The improvement occurs for the channels where it is the most needed.   

[image: ]
[bookmark: _Ref32832971]Figure 3. SINR distributions and coverage for different channels for Rural Macro with 7km ISD at 700MHz. Markers indicate SINR requirements for 4 and 2 BS antennas. Low quality requirements.

[image: ] 
[bookmark: _Ref40185651]Figure 4. Coverage in terms of fraction of users with acceptable quality for Rural Macro with 7km ISD at 700MHz. Blue: Four BS antennas, Red: two BS antennas. Lower quality requirements.
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[bookmark: _Ref40186369]Figure 5. Estimated maximum isotropic loss for different channels for Rural Macro with 7km ISD at 700MHz. Blue: Four BS antennas, Red: two BS antennas. Lower quality requirements.
[image: ]
[bookmark: _Ref40354021]Figure 6. SINR distributions and coverage for different channels for Rural Macro with 7km ISD at 700MHz. Markers indicate SINR requirements for 4 and 2 BS antennas. High quality requirements.
[image: ] 
Figure 7. Coverage in terms of fraction of users with acceptable quality for Rural Macro with 7km ISD at 700MHz. Blue: Four BS antennas, Red: two BS antennas. High quality requirements.
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[bookmark: _Ref40354024]Figure 8. Estimated maximum isotropic loss for different channels for Rural Macro with 7km ISD at 700MHz. Blue: Four BS antennas, Red: two BS antennas. High quality requirements.

Conclusion
According to discussions in previous sections, we make the following observation.
Observation: 
· Using four instead of two BS antennas for low band significantly improves coverage, for example by 2-4 dB at the link level. The improvement occurs for the channels where it is the most needed.   
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csiPusch (-7.79dB, 4.54%)
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