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1	Introduction
The scenarios and parameters used when calculating coverage can have a strong impact on both the size of a cell and on the relative coverage of different channels. We therefore consider some selected coverage impacting parameters in this contribution. Error rate requirements for uplink control channels are first considered, given the need for a deeper discussion than has been had so far on what values should be used.  Next, the number of antennas for 700 MHz gNBs and the transmit power of FR2 UEs are considered given their relevance to commercial implementations and the effect they have on cell coverage.   
2	Coverage Sensitivity to Error Rate Targets
The primary value for BLER and missed detection for control channels was selected as 1% for the evaluation of NR coverage enhancement baselines, with 10% as an optional value in most cases. This is understandable for PDCCH and HARQ-ACK, since they need to be reliable enough to allow HARQ.  
However, the rationale for a 1% error rate is not clear for channels that can allow for multiple transmissions of the same or similar content. For example, PRACH retransmissions are reattempted and have power ramping as well, and so there are multiple opportunities for a UE to transmit Msg1 on PRACH. Furthermore, initial access latency is generally not a critical parameter. Similarly, the network can receive multiple CSI transmissions, and since CSI can be relatively static, missing a single CSI transmission may not have a strong impact on network scheduling performance.  
Given this flexibility to accommodate moderate PRACH and CSI error rates, it is then of interest to determine if these rates can result in higher coverage. In the following, we consider an example of a rural macro scenario at 700 MHz, which is described in more detail in [2].
We first consider the rural scenario, which is a modified version of the ITU Rural Macro scenario, with the ISD adjusted to 7km to create a challenging scenario from a coverage perspective, and stress potential bottlenecks. Figure 1 shows the maximum isotropic loss (MIL) corresponding to the coverage for various channels. With the exception of Msg4, red bars represent 1% error rates and blue bars 10% error rates for control. For Msg4, the red bars represent 10% iBLER (which results in less coverage for Msg4 from fewer retransmissions), while the blue bars are for 1% rBLER (with 4 retransmissions). The red and blue bars respectively correspond to higher or lower data rates for PDSCH and PUSCH. Comparing the various channels, we first note that the uplink channels have the lowest MIL, and so are what should be focused upon to find bottleneck channels. Then considering the uplink control channels at 1% BLER, CSI on PUSCH is the bottleneck, supporting the lowest MIL among these channels. CSI on PUSCH is followed by CSI on PUCCH, PRACH, Msg3, and then HARQ-ACK. The 10% error target allows considerably higher loss (about 3-6 dB more) than 1%. It turns out that some of the channels with the worst MIL benefit the most from the higher error targets, such that some of the bottlenecks change. At 10% error rate, CSI on PUSCH still has the worst performance. However, CSI on PUCCH and PRACH are now better than or close to Msg3. This difference in performance is captured in the table below, where we show the gain from going to the 10% from the 1% error target.
Table 1: MIL gain from 10% vs. 1% error rate (dB)
	[bookmark: _Hlk53502710]PRACH
	HARQ-ACK
	CSI on PUCCH
	Msg3 PUSCH
	CSI on PUSCH

	5.6
	2.7
	4.4
	3.0
	6.1
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[bookmark: _Ref53762572][bookmark: _Ref53765111]Figure 1. Estimated maximum isotropic loss for different channels for Rural Macro with 7km ISD at 700MHz (from [3]). 
In summary, we make the following observations and proposal.
Observations:
· Different channels are more or less sensitive to the selection of error rate
· This can lead to different bottlenecks according to the error rate selected
· Lower error rates can have significantly lower maximum isotropic loss
· For example, PRACH and CSI on PUSCH can have up to 6 dB less coverage in a rural 700 MHz scenario
· PRACH and CSI do not seem to need tight error targets.
Proposal:
· Enhancements for PRACH performance should provide gains at a miss detection rate of 10%
· Enhancements for CSI performance on PUCCH or PUSCH should provide gains at an initial BLER of 10%
3	The benefit of four BS antennas at low-band
In this section, 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 is to show that significant gains are achievable already within the current standard.
Link level results are presented in section 3.1, and system level results are presented in section 3.2. 
3.1 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 [4]. The resulting SNR requirements for two and four BS antennas are presented in Figure 2 for low quality requirements (10% error rates) and Figure 3 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: _Ref53818642]Figure 2. SNR requirements for 4 (blue) and 2 (red) BS antennas. Low quality requirements.
[image: ]
[bookmark: _Ref53818678]Figure 3. SINR requirements for 4 (blue) and 2 (red) BS antennas. High quality requirements.

3.2 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 [4]. 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 4- Figure 6. Figure 4 shows SINR distributions and coverage for different channels. For each channel, the SINR requirement for the cases with two and four BS antennas 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 5 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 6 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 7-Figure 9. 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.   
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[bookmark: _Ref53818933]Figure 4. 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.
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[bookmark: _Ref53819081]Figure 5. 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: _Ref53818951]Figure 6. 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: _Ref53819197]Figure 7. 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 8. 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: _Ref53819206]Figure 9. 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.
3	FR2 UL Coverage and UE Transmit Power
The FR2 UE antenna configuration agreed for evaluation is a 2x2 cross polarized array of 5 dBi elements.  According to the conclusion below that was agreed in post RAN1#102e email discussions, the UE further is assumed to have an uplink total radiated power (TRP) of 23dBm or 12 dBm, where in the latter case addresses commercial power class 3 UEs having a maximum of 11 dBi antenna gain.
Conclusion
For link budget calculation in FR2, an uplink total radiated power of 12dBm is also considered, for baseline performance evaluations of commercial power class 3 UEs.       
Note: with the assumption of total maximum of 11 dBi antenna gain.

The 2x2 UE cross polarized UE antenna configuration can provide a maximum of 6 dB array gain per cross polarized antenna pair. Then given the 5 dBi element gain, the UE can have a total of 11 dB gain. According to RAN4 specifications ([1], section 6.2.1.3), power class 3 (‘handheld’) UEs are only required to produce the minimum peak EIRP of around 23 dBm in one direction. Therefore, such a UE could have a TRP of 12 dBm while achieving 23 dBm EIRP.  
On the other hand, a UE with 23 dBm TRP that uses the same antenna array would have 23+11 dBi = 34 dBm EIRP, which naturally would have substantially higher coverage from the higher power after antenna gain.  Such a UE is well within the maximum of 43 dBm EIRP allowed by regulatory restrictions and meets the regulatory upper bound of 23 dBm TRP.
Given these two transmission power capabilities, we can compare FR2 coverage for UEs with performance based on commercially available UEs in current networks to the coverage of more advanced UEs with better antenna systems or greater power PAs. We provide such a comparison in Figure 10 below. 
A 200m ISD UMa system running at 30 GHz is simulated, with 12 and 23 dBm TRP UEs, in the top and bottom charts, respectively. Details of the simulation are in [4]. With the exception of Msg4, red bars represent 1% error rates and blue bars 10% error rates for control. For Msg4, the red bars represent 10% iBLER (which results in less coverage for Msg4 from fewer retransmissions), while the blue bars are for 1% rBLER (with 4 retransmissions). The red and blue bars respectively correspond to higher or lower data rates for PDSCH and PUSCH. 
As can be seen in the figure, the 11 dB increase in TRP translates to a similar gain in MIL, moving the weakest channel, PUSCH, from around 130 to 140 dB MIL. The UL control channels are close to or slightly exceed the DL control channels, removing any potential they have to be bottlenecks. In short, a large increase in transmitted power has the expected large gains in coverage.
Observation:
· Two UE transmission powers are defined for FR2 coverage evaluations: one based on commercially available UEs, and another on more advanced UEs.
· Both are well within the maximum power allowed by RAN4 specifications.
Conclusion:
· FR2 UL coverage for handheld devices could be substantially improved by UEs with more advanced antenna systems or greater transmit power than is commonly available in commercial UEs today, while staying within the limits of Rel-15 power class 3 operation.
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[bookmark: _Ref53765818]Figure 10. Estimated maximum isotropic loss for different channels for a 12 or 23 dBm TRP UE in a 200m ISD Urban Macro scenario at 30 GHz.

Conclusion
[bookmark: _In-sequence_SDU_delivery]In this contribution, we have considered various coverage impacting parameters, including the error targets, commercially relevant gNB antenna configurations at low-band and FR2 UE total radiated power, which should be focussed upon as conclusions are drawn in the coverage enhancement study.
Firstly, for error targets, we made the following observations and proposals:
Observations:
· Different channels are more or less sensitive to the selection of error rate
· This can lead to different bottlenecks according to the error rate selected
· Lower error rates can have significantly lower maximum isotropic loss
· For example, PRACH and CSI on PUSCH can have up to 6 dB less coverage in a rural 700 MHz scenario
· PRACH and CSI do not seem to need tight error targets.
Proposal:
· Enhancements for PRACH performance should provide gains at a miss detection rate of 10%
· Enhancements for CSI performance on PUCCH or PUSCH should provide gains at an initial BLER of 10%
Secondly, for the commercially relevant gNB antenna configurations at low-band, we observed:
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. 
Last but not least, for the UE total radiated power at FR2, we observed and concluded:
Observation:
· Two UE transmission powers are defined for FR2 coverage evaluations: one based on commercially available UEs, and another on more advanced UEs.
· Both are well within the maximum power allowed by RAN4 specifications.
Conclusion:
· FR2 UL coverage for handheld devices could be substantially improved by UEs with more advanced antenna systems or greater transmit power than is commonly available in commercial UEs today, while staying within the limits of Rel-15 power class 3 operation. 
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Isotropic Loss per Channel for 12 dBm TRP: UMa 200m ISD 30GHz
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Isotropic Loss per Channel for 23 dBm TRP: UMa 200m ISD 30GHz
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