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At the RAN1#101-e meeting, the following agreements were made for NR coverage enhancement [1]:
Agreements:
· For link level simulation, the packet size of VoIP for FR2 is the same as FR1.
Agreements:
· For link level simulation, TBS of Msg3 for FR2 is the same as FR1.
Agreements:
· The evaluation methodology for FR2 is the same as FR1.
Agreements:
· The link budget template for FR2 is the same as FR1.
Agreements:
· Adopt the following target data rates for eMBB performance evaluation for FR2.
· Indoor: DL: 25Mbps, UL:5Mbps 
· Urban: DL: 25Mbps, UL: 5Mbps
· Suburban: FFS: (DL: 1Mbps, UL: 50kbps)
Agreements:
· For link level simulation, for SSB, PDCCH, PDSCH and PDCCH of Msg.2, PDSCH of Msg.4 for FR2.
· Reuse following simulation assumptions for PDSCH
· Scenario and frequency, frame structure, SCS, channel model, delay spread, UE velocity, number of antenna elements and TxRUs for BS, number of UE Tx/Rx chains and UE antenna elements.
· For link level simulation, for PUCCH, PRACH and Msg.3 for FR2.
· Reuse following simulation assumptions for PUSCH
· Scenario and frequency, frame structure, channel model, delay spread, UE velocity, number of antenna elements and TxRUs for BS, number of UE antenna elements for PUSCH.
· For PRACH and Msg.3, reuse number of UE Tx chains for PUSCH.
· For PUCCH, reuse SCS for PUSCH.
· For Msg.3, reuse SCS, HARQ configuration, frequency hopping for PUSCH.

In this contribution, we discuss baseline coverage performance for FR2, with primary focus on performance metric for coverage analysis and link budget analysis for various DL/UL physical channels. Our view on baseline coverage performance for FR1 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.
Unlike FR1, link budget template from IMT-2020 self-evaluation was not defined for FR2. In this case, some of the parameters and values including path-loss model may need to be first agreed in RAN1 in order to conduct meaningful study for link budget analysis in FR2. Further, 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 FR2.
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 for FR2.
· Link budget template for IMT-2020 self-evaluation can be used for MPL and MCL calculation.  
· FFS values in the link budget template. 

For NR coverage enhancement, to investigate potential solutions for different physical channels, RAN1 needs to first identify overall link budget target for FR2, which may also depend on specific deployment scenario, e.g., indoor and urban 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. 
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 FR2
In this section, we provide baseline performance analysis for various DL/UL physical channels for indoor, urban and suburban scenarios for FR2, 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]. Further, it is assumed that 
· TDD frame structure with DDDSU (S: 10D:2G:2U). 
· For Msg3 and PRACH, the number of Rx antennas is 64, which is based on the number of SSBs for FR2. 
· Transmit power is assumed as 26dBm for indoor scenario and 43dBm for urban and suburban scenarios for gNB; and 23dBm for all scenarios for UE. 
· For suburban scenario, target data rate for DL and UL is 1Mbps and 50kbps, respectively.
In the following link budget analysis, MCL based baseline performance is presented. As mentioned above, physical channel with weakest MCL is first identified and subsequently, overall performance MCL target is determined by applying 10dB additional coverage enhancement target for the weakest MCL. 
Indoor scenario 
Figure 1 illustrates MCL for Indoor scenario at 28GHz. From the figures, it can be observed that considering target data rate of 5Mbps for UL, PUSCH with eMBB service is the performance bottleneck for indoor scenario. Further, MCL gap between PUSCH with eMBB and physical channel with second weakest MCL, i.e., PDSCH with eMBB, is 13.3dB.
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[bookmark: _Ref47384689][bookmark: _Ref47516505]Figure 1. MCL for Indoor scenario: NLOS, 28GHz 
Observation 1
· Considering target data rate of 5Mbps for UL, PUSCH with eMBB service is the performance bottleneck for indoor scenario. 
· MCL gap between PUSCH with eMBB and physical channel with second weakest MCL, i.e., PDSCH with eMBB, is 13.3dB.

Urban scenario 
Figure 2 illustrates MCL for Urban scenario at 28GHz. From the figures, it can be observed that considering target data rate of 5Mbps for UL, PUSCH with eMBB service is the performance bottleneck for urban scenario. Further, MCL gap between PUSCH with eMBB and physical channel with second weakest MCL, i.e., PRACH format B4, is ~13.0dB.
Generally, MCL for UL channels is much worse than that for DL channels. This is primarily due to transmit power difference between gNB and UE side for urban scenario. 
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[bookmark: _Ref47537621]Figure 2. MCL for Urban scenario: NLOS, 28GHz
Observation 2
· Considering target data rate of 5Mbps for UL, PUSCH with eMBB service is the performance bottleneck for urban scenario. 
· MCL gap between PUSCH with eMBB and physical channel with second weakest MCL, i.e., PRACH format B4, is ~13.0dB. 
· For urban scenario in FR2, MCL for UL channels is much worse than that for DL channels.

Suburban scenario 
Figure 3 illustrates MCL for Suburban scenario at 28GHz. In the link budget analysis, it is assumed 1Mbps and 50kbps as target data rate for DL and UL, respectively. From the figures, it can be observed that considering target data rate of 50kbps for UL, PUSCH with eMBB service is the performance bottleneck for urban scenario. Further, MCL gap between PUSCH with eMBB and physical channel with second weakest MCL, i.e., PRACH format B4, is 9.6dB.
Generally, MCL for UL channels is much worse than that for DL channels. This is primarily due to transmit power difference between gNB and UE side for suburban scenario. 
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[bookmark: _Ref47537774]Figure 3. MCL for Suburban scenario: NLOS, 28GHz
Observation 3
· Considering target data rate of 50kbps for UL, PUSCH with eMBB service is the performance bottleneck for urban scenario. 
· MCL gap between PUSCH with eMBB and physical channel with second weakest MCL, i.e., PRACH format B4, is 9.6dB.
· For suburban scenario in FR2, MCL for UL channels is much worse than that for DL channels.

Based on the presented link budget analysis for various deployment scenarios, it can be observed that PUSCH with eMBB service is clearly the performance bottleneck for all scenarios in FR2. More specifically, MCL gap between PUSCH with eMBB service and physical channel with second weakest MCL is >10dB for indoor and urban scenarios, and ~10dB for suburban scenario, respectively. Hence, it is evident that PUSCH with eMBB service needs further enhancement in terms of coverage for all three scenarios. Note that potential solutions for PUSCH coverage enhancement in FR1 and FR2 are discussed in our companion contribution [3].   
Proposal 3
· RAN1 to study potential techniques for coverage enhancement of at least PUSCH in FR2. 

Conclusions
In this contribution, we discussed the baseline coverage performance for FR2, with primary focus on performance metric for coverage analysis and link budget analysis for various DL/UL physical channels for FR2. Further, we summarize the observations and proposals as follows:
Observation 1
· Considering target data rate of 5Mbps for UL, PUSCH with eMBB service is the performance bottleneck for indoor scenario. 
· MCL gap between PUSCH with eMBB and physical channel with second weakest MCL, i.e., PDSCH with eMBB, is 13.3dB.
Observation 2
· Considering target data rate of 5Mbps for UL, PUSCH with eMBB service is the performance bottleneck for urban scenario. 
· MCL gap between PUSCH with eMBB and physical channel with second weakest MCL, i.e., PRACH format B4, is ~13.0dB. 
· For urban scenario in FR2, MCL for UL channels is much worse than that for DL channels.
Observation 3
· Considering target data rate of 50kbps for UL, PUSCH with eMBB service is the performance bottleneck for urban scenario. 
· MCL gap between PUSCH with eMBB and physical channel with second weakest MCL, i.e., PRACH format B4, is 9.6dB.
· For suburban scenario in FR2, MCL for UL channels is much worse than that for DL channels.
Proposal 1
· Both MPL and MCL can be considered as performance metric for link budget analysis for FR2.
· Link budget template for IMT-2020 self-evaluation can be used for MPL and MCL calculation.  
· FFS values in the link budget template. 
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 study potential techniques for coverage enhancement of at least PUSCH in FR2. 
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Maximum Coupling Loss(MCL): Indoor, 28GHz, NLOS

128.98

135.98

136.77

136.48

115.64

134.39

131.9

136.61

136.91

133.81

131.27

Gap=10

Target = 125.64dB( enhance 10dB )

100 105 110 115 120 125 130 135

dB

PDSCH

 (eMBB)

PDSCH

 (VoIP)

PBCH 

PDCCH

PUSCH

 (eMBB)

PUSCH

 (VoIP)

Msg#3 

PUCCH

 (PF1)

   PUCCH

(PF3-11bits)

   PUCCH

(PF3-22bits)

   PRACH

(Format#B4)


image2.emf
Maximum Coupling Loss(MCL): Urban, 28GHz, NLOS
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Maximum Coupling Loss(MCL): Suburban, 28GHz, NLOS
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