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1. Introduction
At the RAN#86 meeting, the new SI on NR coverage enhancement was approved [1]. The objectives of the SI are captured as follows.
	The objective of this study item is to study potential coverage enhancement solutions for specific scenarios for both FR1 and FR2. The detailed objectives are as follows.
· The target scenarios and services include
· Urban (outdoor gNB serving indoor UEs) scenario, and rural scenario (including extreme long distance rural scenario) for FR1
· Indoor scenario (indoor gNB serving indoor UEs), and urban/suburban scenario (including outdoor gNB serving outdoor UEs and outdoor gNB serving indoor UEs) for FR2.
· TDD and FDD for FR1.
· VoIP and eMBB service for FR1.
· eMBB service as first priority and VoIP as second priority for FR2.
· LPWA services and scenarios are not included.
· Identify baseline coverage performance for both DL and UL for the above scenarios and services based on link-level simulation
· UL channels (including PUSCH and PUCCH) are prioritized for FR1.
· Both DL and UL channels for FR2.
· Identify the performance target for coverage enhancement, and study the potential solutions for coverage enhancements for the above scenarios and services
· The target channels include at least PUSCH/PUCCH 
· Study enhanced solutions, e.g., time domain/frequency domain/DM-RS enhancement (including DM-RS-less transmissions)
· Study the additional enhanced solutions for FR2 if any
· Evaluate the performance of the potential solutions based on link level simulation.



At the RAN1#102-e meeting, the general parameters for the MIL and MCL evaluation were defined [2], and the link budget template was also defined in the post-meeting e-mail discussion. In this contribution, we discuss on the link budget evaluation for baseline coverage performance for both DL and UL based on MIL derived with the defined link budget template for FR1.

2. Discussion on link budget evaluation for baseline coverage performance for FR1
At the RAN1#102-e meeting, link budget template and target performance were discussed and following agreements were made [2].

	· Adopt single link budget template for both FR1 and FR2 based on IMT-2020 self-evaluation with rows for MIL, MCL, MPL, and necessary revisions, including adding/removing/revising/simplifying some parameters
· For LLS based methodology, coverage bottleneck(s) identification is performed using at least MIL or MCL (assuming the set of simuation assumptions)
· Even when SLS is used to obtain some components of MIL or MCL, it is categorized as LLS based methodology.
· MCL values can also be used to identify the coverage bottleneck(s) when applicable
· “applicable” above means the following situation:
· [comparing channels with similar antenna (and antenna array) gain, and/or
·  the simulation results with MIL from companies are diverse, and the comparison with MIL is not easy]



At the meeting, MIL and MCL were selected as candidate metrics for the coverage bottleneck(s) identification. In case of including antenna and beamforming gains in the link level simulation, they can be considered in the link budget. Therefore, MIL is sufficient to define the target performance for enhancement.

Proposal 1: MIL is used for the target metric of link budget for NR coverage enhancement. 

Defining the target performance for the link budget metric is also one of the important discussion points and following two options were discussed at the last RAN1 meeting.

Opt.1: Absolute value (e.g., derived based on ISD)
Opt.2: Relative value (e.g., value of 2nd best channel is defined as target performance)

Defining the target performance based on ISD (Opt.1) seems the straightforward approach to define the target performance for the link budget metric. On the other hand, it may not reflect the real environment / deployments that have large difference over scenarios and variability due to e.g., channel conditions, and hence it may be very difficult to define a single appropriate value to consider the variety of conditions. In addition, it is concerned that no issue for the coverage performance may be found if a lower target performance is defined by considering a certain environment/condition. 
We will find the performance difference between physical channels, and the improvement of coverage performance will be realized by minimizing the performance difference i.e., enhancing the performance of bottleneck channel(s). Therefore, deriving the target performance based on relative value between physical channels is preferable for the coverage enhancement.

Proposal 2: Relative value is used for the target performance definition for NR coverage enhancement. 

3. MIL evaluation for FR1
In this section, our MIL evaluation results are introduced. The defined simulation assumptions are used for the link level simulation as listed in Table 1. 

Table 1: Channel-specific parameters for MIL evaluation
	Channel
Assumptions
	PDCCH
	PDSCH
	PUCCH
	PUSCH

	
	
	
	
	

	QoS Target
	VoIP
	1% BLER
	2% rBLER
	NACK to ACK probability: 0.1%
ACK missed detection probability: 1%
	2% rBLER

	
	eMBB
	
	10% iBLER
	1% BLER
	10% iBLER

	Max number of HARQ retransmissions
	VoIP
	-
	8
	-
	8

	
	eMBB
	
	-
	
	-

	Number of RBs
	48
	1 for VoIP
40 for eMBB (OtoI)
4 for eMBB (rural) 
	1
	4 for VoIP
30 for eMBB (OtoI)
4 for eMBB (rural) 

	MCS number
	-
	10
	-
	8

	Aggregation level
	16
	-
	-
	-

	Frequency hopping
	-
	-
	136
	24 for VoIP

	Number of repetition
	-
	-
	4
	-

	PUCCH format
	-
	-
	Format 1 for VoIP
Format 3 for eMBB 
	-

	Payload size
	40 bits
	-
	2 bits for VoIP
22 bits for eMBB
	-



Figure 1 shows the link level simulation results of BLER for DL/UL channels for outdoor to indoor (O to I) and rural scenario (Outdoor) with VoIP and eMBB. As shown in Fig.1, different scenarios (O to I and rural scenarios) do not provide remarkable difference for BLER performance in VoIP, while the gap between them becomes bigger in eMBB. Based on the simulated BLER results, corresponding MILs are derived using the link budget calculation template as in the zip archive.
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Figure 1: Link level simulation results for DL/UL channels

Figure 2 shows the link level simulation results for PUCCH format 1 for outdoor to indoor (O to I) and rural scenario (Outdoor). The performance metric for this channel is NACK to ACK probability and ACK missed detection probability, instead of BLER. As shown in Fig.2, SINR needs to be higher than about -13 dB in order to achieve both of the target NACK to ACK probability (0.1 %) and the target ACK missed detection probability (1 %). Based on these simulation results, corresponding MILs are derived using the link budget calculation template as in the zip archive.
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Figure 2: Link level simulation results for PUCCH format 1

Figure 3 shows the MIL evaluation results for FR1 for O to I and rural scenarios with VoIP and eMBB. According to the proposal 2, the MIL performance target is set at the 2nd best value among different channels for each scenario, so that an improvement of worst and 2nd worst channels need to be considered. As shown in Fig.3, the improvement of PUSCH (approximately 4 dB for VoIP and 22 dB for eMBB) is the most essential point for the coverage enhancement for FR1, due to a Tx power difference between UE and gNB. In addition, it should be noted that the improvement of PDSCH (approximately 7 dB) for eMBB is the next essential point, because of lower BS Tx power compared to that for PDCCH since small number of RBs are allocated to PDSCH. Thus, we may expect higher PDSCH performance if BS Tx power boosting could be applied. In addition, HARQ gain for PDSCH/PUSCH is not considered in the MIL evaluation, and HARQ gain of several dB may be expected for the MIL performance. Therefore, it needs to be considered and defined in the link budget evaluation for the coverage enhancement. 
BS Tx power of 33 dBm/MHz and 24 dBm/MHz were defined for the MIL evaluation based on hardware performance and operating view point. As shown in Fig.3, improvement of PUCCH is necessary when BS Tx power of 33 dBm/MHz is considered, and improvement of PDCCH is necessary when BS TX power of 24 dBm/MHz is considered. Based on the discussion, we made following proposal.


Proposal 3: Improvement of PUSCH should be considered as the first priority, and improvement of PDSCH, PDCCH, and PUCCH may be considered as the second priority for FR1 coverage enhancement in VoIP and eMBB.

 [image: C:\Users\5176987\Pictures\FR1_result.png]
Figure 3: Initial MIL evaluation results for FR1.

4. Conclusion
In this contribution, we discussed on the simulation assumptions and results for baseline coverage performance for both DL and UL for FR1. Based on the discussion, we made following proposals.

Proposal 1: MIL is used for the target metric of link budget for NR coverage enhancement. The proposed MIL calculation template is given in Table 1.

Proposal 2: Relative value is used for the target performance definition for NR coverage enhancement. 

Proposal 3: Improvement of PUSCH should be considered as the first priority, and improvement of PDSCH, PDCCH, and PUCCH may be considered as the second priority for FR1 coverage enhancement in VoIP and eMBB.
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