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[bookmark: _Ref506539118]Introduction
At the RAN1#101-e meeting, the following agreements were made for NR coverage enhancement [1]:
Agreements:
· Adopt the following target data rates for eMBB performance evaluation for FR1.
· Urban scenario: DL 10Mbps, UL 1Mbps
· Rural scenario: DL 1Mbps, UL 100kbps
· Rural with long distance scenario: DL 1Mbps, UL 100kbps, [30kbps] (optional)
Agreements:
· For VoIP performance evaluation based on link-level simulation for FR1.
· A packet size of [320] bits with 20ms data arriving interval is adopted.
· FFSTBD: TBS for SIP invite message. Payload of 1500 bytes can be a starting point.
Agreements:
· The basic evaluation methodology is based on link-level simulation for FR1.
· Step 1: Obtain the required SINR for the physical channels under target scenarios and service/reliability requirements.
· Step 2: Obtain the baseline performance based on required SINR and link budget template.
· Note: aspects related to identifying target performance and coverage bottlenecks based on target performance metric is to be handled separately
· FFS: The evaluation methodology based on system-level simulation is optional for FR1.
· Note: The simulation assumptions for SLS are up to companies’ reports.
Agreement:
· Down selection on the following options for the link budget template for FR1 in next meeting.
· Option 1: Adopt single link budget template based on IMT-2020 self-evaluation with necessary revisions, including adding/removing/revising some parameters.
· FFS: The template provided by FL in Tdoc R1-2005005.
· Option 2: Adopt both templates, i.e. link budget template in IMT-2020 self-evaluation and link budget template in TR 36.824.
· Option 3: Adopt single link budget template in TR 36.824 with necessary revisions, including adding/revising some parameters.
Agreement:
· Down selection on the following options for antenna array gain for LLS based methodology for FR1 in next meeting.
· Option 1: Antenna array gain is included in the link budget template. 
· FFS: array gain = 10 * 1og10 (number of antenna elements/number of TxRUs)
· FFS: For TDL channel model
· FFS: Values reflective of realistic implementation and network operation.
· Option 2: Antenna array gain is included in LLS.
· FFS: For CDL channel model
In the contribution, we discuss baseline coverage performance for FR1, with primary focus on performance metric for coverage analysis and link budget analysis for various DL/UL physical channels for FR1. Our view on baseline coverage performance for FR2 is described in our companion contributions [2]. In addition, our views on coverage enhancement for PUSCH, PUCCH and other physical channels are described in our companion contributions [3], [4] and [5], respectively. 
Performance metric for coverage analysis
At the RAN1#101 e-meeting, it was agreed that the basic evaluation methodology is based on link-level simulation for FR1. Further, baseline performance can be determined based on required SINR for physical channels under target scenarios and service/reliability requirements and link budget template [1]. 
Several options were discussed in the RAN1#101 e-meeting regarding the performance metric for coverage analysis. More specifically, it can be based on either maximum path-loss (MPL) as defined for IMT-2020 self-evaluation or maximum coupling loss (MCL) in TR36.824. Note that MCL is a simplified performance metric, without considering certain fading and penetration margins. On the contrary, when appropriate parameters are selected, MPL can be directly translated to the cell coverage, i.e., how far a physical channel can reach within a cell. For these two options, one of most important factors is whether the parameters including fading and penetration margin can truly reflect the deployment scenario and environment. 
In our view, as link budget template based on MPL is well defined at least for FR1, it is slightly more preferable to adopt MPL as performance metric and reuse the parameters in link budget template for various deployment scenarios. However, given that MCL can be straightforwardly calculated based on the link budget template, e.g., adding two rows for MCL calculation for data and control channels, as suggested in the email discussion, both MPL and MCL can be considered as performance metric for link budget analysis for FR1. 
Table 1 illustrates MCL calculation based on link budget template from IMT-2020 self-evaluation. Note that in the MCL calculation, transmitter and receiver array gains can be included when TDL channel model is used for link level simulation. This can help reflect the antenna gain in practical deployment scenarios. 
[bookmark: _Ref47475634]Table 1. MCL calculation in link budget template
	MCL for control channel = (3) + (6) - (22a) + Transmitter array gain + Receiver array gain (dB)

	MCL for data channel = (3) - (7) - (22b) + Transmitter array gain + Receiver array gain (dB)



Proposal 1
· Both MPL and MCL can be considered as performance metric for link budget analysis.
· Link budget template for IMT-2020 self-evaluation can be reused for MPL and MCL calculation.   

For NR coverage enhancement, to investigate potential solutions for different physical channels, RAN1 needs to first identify overall link budget target for FR1, which may also depend on specific deployment scenario, e.g., urban and rural scenarios. Further, based on the determined performance target, corresponding coverage enhancement target for each physical channel, especially for the physical channel with coverage bottleneck, can be derived accordingly.  
When MPL is utilized as performance metric for coverage enhancement, it is straightforward to derive the target MPL for evaluated physical channels based on pass-loss model and target cell size for a given deployment scenario. Note that RAN1 needs to further decide the exact target cell size or ISD in order to determine target MPL for coverage enhancement. For instance, for urban and rural scenario, 500m, 1732m and 5km target ISD can be considered, respectively. 
Further, when MCL is utilized as performance metric for coverage enhancement, either absolute or relative values can be considered as target performance. Note that one option can be considered as follows:
· Step 1: physical channel with weakest link or smallest MCL among evaluated physical channels can be first identified. 
· Step 2: additional coverage enhancement target, e.g., 10dB may be applied on the physical channel with smallest MCL, which can be used for overall performance target for all evaluated physical channels. 
· Step 3: Performance bottleneck and corresponding performance gap can be determined if the evaluated physical channel does not meet the overall performance target. 
Proposal 2
· Overall target performance is derived in order to determine whether a physical channel needs coverage enhancement. 
· MPL based target performance can be derived based on path-loss model and target cell size.
· FFS on MCL based target performance.

Baseline performance analysis for FR1
In this section, we provide baseline performance analysis for various DL/UL physical channels for scenarios of urban, rural and rural with long distance for FR1, respectively. The physical channels in the analysis include PRACH, PUCCH format 3 with 11 and 22 bit UCI payload, PUCCH format 1, Msg3, PUSCH with eMBB and VoIP services; and PDCCH, PBCH, PDSCH with VoIP and eMBB services. 
[bookmark: _GoBack]Note that in the link level simulations, MCS, TBS, number of PRBs and DMRS configurations for PDSCH and PUSCH are selected in order to meet the target throughputs for different deployment scenarios. The detailed simulation assumptions for PDSCH and PUSCH are described in our companion contribution [6]. 
In the following link budget analysis, MPL based baseline performance is presented.  

Urban scenario 
Figure 1 illustrates MPL for urban scenario with O-to-I. In the link budget analysis, it is assumed 4GHz for urban scenario and 500m as target ISD. Further, TDD frame structure with DDDSU (S: 10D:2G:2U) is used. 
From the figures, it can be observed that 
· Considering target data rate of 1Mbps for UL, PUSCH with eMBB service is the performance bottleneck for urban scenario. 
· The gap between PUSCH with eMBB service and target MPL is ~9.6dB.
· PRACH format B4 is also the performance bottleneck. 
· The gap between PRACH format B4 and target MPL is ~2.5dB.
Note that when additional frame structure, e.g., DDDSUDDSUU (S: 10D:2G:2U) is employed at 4GHz for urban scenario, PRACH format 0 may be configured in the last two slots. As shown in Figure 4 for rural scenario with 700MHz carrier frequency, PRACH format 0 can achieve similar MPL as for PUCCH format 3 with 22 bit UCI payload. In this case, it is expected that for urban scenario, PRACH format 0 can achieve target MPL with 500m ISD.
[image: ]
[bookmark: _Ref47384689]Figure 1. MPL for Urban scenario: O-to-I, 4GHz 
Observation 1
· Considering 500m ISD and target data rate of 1Mbps for UL, PUSCH with eMBB service is the performance bottleneck for urban scenario. 
· The gap between PUSCH with eMBB service and target MPL is ~9.6dB.
· PRACH format B4 is also the performance bottleneck. 
· The gap between PRACH format B4 and target MPL is ~2.5dB.
· PRACH format 0 can achieve target MPL with 500m ISD for urban scenario. 

Rural scenario 
Figure 2 and Figure 3 illustrate MPL for rural scenario at 4GHz for O-to-I and O-to-O, respectively. In the link budget analysis, it is assumed 1732m as target ISD. Further, TDD frame structure with DDDSU (S: 10D:2G:2U) is used.   
From the figures, it can be observed that 
· [bookmark: _Hlk47458486]Considering target data rate of 100kbps for UL, PUSCH with eMBB service is the performance bottleneck for rural scenario at 4GHz for both O-to-I and O-to-O cases. 
· The gap between PUSCH with eMBB service and target MPL is ~7.8dB and ~6.5dB for O-to-I and O-to-O cases, respectively.
· PRACH format B4 is also the performance bottleneck for rural scenario at 4GHz for O-to-I. 
· The gap between PRACH format B4 and target MPL is ~1.2dB.
Note that as mentioned above, it is expected that when PRACH format 0 is used, target MPL can be achieved with 1732m ISD.
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[bookmark: _Ref47457843]Figure 2. MPL for Rural scenario: O-to-I, 4GHz
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[bookmark: _Ref47457846]Figure 3. MPL for Rural scenario: O-to-O, 4GHz
Observation 2
· Considering 1732m ISD and target data rate of 100kbps for UL, PUSCH with eMBB service is the performance bottleneck for rural scenario at 4GHz for both O-to-I and O-to-O cases. 
· The gap between PUSCH with eMBB service and target MPL is ~7.8dB and ~6.5dB for O-to-I and O-to-O cases, respectively.
· PRACH format B4 is also the performance bottleneck for rural scenario at 4GHz for O-to-I. 
· The gap between PRACH format B4 and target MPL is ~1.2dB
· PRACH format 0 can achieve target MPL with 1732m ISD for rural scenario. 

Figure 4 and Figure 5 illustrate MPL for rural scenario at 700MHz for O-to-I and O-to-O, respectively. In the link budget analysis, it is assumed 5km as target ISD. From the figures, it can be observed that all physical channels can achieve target MPL with 5km ISD. 
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[bookmark: _Ref47458773]Figure 4. MPL for Rural scenario: O-to-I, 700MHz
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[bookmark: _Ref47458780]Figure 5. MPL for Rural scenario: O-to-O, 700MHz

Observation 3
· For rural scenario at 700MHz for both O-to-I and O-to-O cases, all physical channels can achieve target MPL with 5km ISD. 

Rural scenario with long distance
Figure 6 and Figure 7 illustrate MPL for rural scenario with long distance with 15km and 30km target ISD, respectively. In the link budget analysis, it is assumed 700MHz carrier frequency and O-to-O case.
From the figures, it can be observed that 
· For rural scenario with long distance, when 15km target ISD is considered, almost all physical channels can achieve target MPL. 
· Only PUCCH format 3 with 22 bit UCI payload is the performance bottleneck, with ~0.4dB performance gap.
· When 30km target ISD is considered, almost all physical channels cannot achieve target MPL. 
· The largest gap is ~12.4dB, between PUCCH format 3 with 22 bit UCI payload and target MPL. 
Note that exact target ISD for rural scenario with long distance needs to be determined first in RAN1. 
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[bookmark: _Ref47458879]Figure 6. MPL for Rural with long distance: O-to-O, 700MHz, 15km target ISD
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[bookmark: _Ref47458885]Figure 7. MPL for Rural with long distance: O-to-O, 700MHz, 30km target ISD
Observation 4
· For rural scenario with long distance, when 15km target ISD is considered, almost all physical channels can achieve target MPL. 
· Only PUCCH format 3 with 22 bit UCI payload is the performance bottleneck, with ~0.4dB performance gap.
· When 30km target ISD is considered, almost all physical channels cannot achieve target MPL. 
· PUCCH format 3 with 22 bit UCI payload has smallest MPL. 

Based on the presented link budget analysis for various deployment scenarios including urban, rural and rural with long distance, it is evident that PUSCH with eMBB needs further enhancement in terms of coverage, especially for urban and rural scenario at 4GHz carrier frequency. In addition, although it is shown in certain scenarios, e.g., urban and rural scenario at 4GHz, PRACH format B4 is also the performance bottleneck, this can be alleviated by employing appropriate TDD frame structure and configuring format 0 for PRACH transmission. 
Note that for rural scenario with long distance, when 30km target ISD is considered, almost all physical channels cannot achieve target MPL. In our view, RAN1 first needs to determine the target ISD in order to derive overall target performance for MPL based performance metric, especially when considering rural scenario with long distance. 
Further, based on link budget analysis for rural scenario with long distance, it is observed that weakest link or physical channel with smallest MPL among evaluated physical channels is PUCCH format 3 with 22 bit UCI payload. Hence, it is also suggested to consider coverage enhancement for PUCCH format 3 with 22 bit UCI payload. Note that potential solutions for PUSCH and PUCCH coverage enhancement in FR1 and FR2 are discussed in our companion contribution [3] and [4], respectively. 
Proposal 3
· RAN1 to determine exact target ISD for urban, rural and rural with long distance. 
Proposal 4
· RAN1 to study potential techniques for coverage enhancement of PUSCH and PUCCH format 3 in FR1. 


Conclusions
In this contribution, we discussed the baseline coverage performance for FR1, with primary focus on performance metric for coverage analysis and link budget analysis for various DL/UL physical channels for FR1. Further, we summarize the observations and proposals as follows:
Observation 1
· Considering 500m ISD and target data rate of 1Mbps for UL, PUSCH with eMBB service is the performance bottleneck for urban scenario. 
· The gap between PUSCH with eMBB service and target MPL is ~9.6dB.
· PRACH format B4 is also the performance bottleneck. 
· The gap between PRACH format B4 and target MPL is ~2.5dB.
· PRACH format 0 can achieve target MPL with 500m ISD for urban scenario. 
Observation 2
· Considering 1732m ISD and target data rate of 100kbps for UL, PUSCH with eMBB service is the performance bottleneck for rural scenario at 4GHz for both O-to-I and O-to-O cases. 
· The gap between PUSCH with eMBB service and target MPL is ~7.8dB and ~6.5dB for O-to-I and O-to-O cases, respectively.
· PRACH format B4 is also the performance bottleneck for rural scenario at 4GHz for O-to-I. 
· The gap between PRACH format B4 and target MPL is ~1.2dB
· PRACH format 0 can achieve target MPL with 1732m ISD for rural scenario. 
Observation 3
· For rural scenario at 700MHz for both O-to-I and O-to-O cases, all physical channels can achieve target MPL with 5km ISD. 
Observation 4
· For rural scenario with long distance, when 15km target ISD is considered, almost all physical channels can achieve target MPL. 
· Only PUCCH format 3 with 22 bit UCI payload is the performance bottleneck, with ~0.4dB performance gap.
· When 30km target ISD is considered, almost all physical channels cannot achieve target MPL. 
· PUCCH format 3 with 22 bit UCI payload has smallest MPL.  
Proposal 1
· Both MPL and MCL can be considered as performance metric for link budget analysis.
· Link budget template for IMT-2020 self-evaluation can be reused for MPL and MCL calculation.   
Proposal 2
· Overall target performance is derived in order to determine whether a physical channel needs coverage enhancement. 
· MPL based target performance can be derived based on path-loss model and target cell size.
· FFS on MCL based target performance.
Proposal 3
· RAN1 to determine exact target ISD for urban, rural and rural with long distance. 
Proposal 4
· RAN1 to study potential techniques for coverage enhancement of PUSCH and PUCCH format 3 in FR1. 
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