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[bookmark: _Ref506539118]Introduction
At the RAN1#102-e meeting, the following agreements were made for NR coverage enhancement [1]:
Agreements:
· MPL can be used as supplemental information for coverage bottleneck(s) identification
· The results based on MPL are to be captured in TR
· Note: this is useful to show the achievable ISD. 
· The definition of MPL shall be determined in RAN1
· RAN1 will not further discuss on specific values for the parameters related to MPL 
· IMT-2020 values are as a starting point, but: 
· companies may use other values, and
· for the parameters that companies think IMT-2020 self-evaluation does not clearly define the values for some scenarios, it is up to companies to report
Agreements:
· RAN1 strives for satisfying appropriate targets identified by companies particularly operators
· The targets may be in the form of one or more of the following:
· 1. Scenario dependent targets, e.g., ISD/MPL
· 2. Service dependent targets, e.g., [MCL=147] dB for VoIP;
· 3. Relative difference between channels, e.g., MIL(/[MCL])
· Further values and details of such targets will be clarified at RAN1#103-e 
· Note: there is no intention in RAN1 to update the study item objectives due to the identified targets.
Agreements:
· 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 simulation 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]
Agreements:
Further clarify the agreement on antenna gain and antenna gain components including antenna gain correction factors as follows:
· For both TDL option 1 (table A below) and TDL option 2 & CDL (table B below)
· The gain of antenna gain component 1 is included in LLS results
· The gain of antenna gain component 2 is included in link budget template
· The gain is expressed by 10 * log 10( N/k ) - D1
·  For TDL option 2 & CDL, the gain is 0 dB
· The gain of antenna gain component 3 is included in link budget template
· The gain of antenna gain component 4 is included in link budget template
· The gain of antenna gain components 3 and 4 is expressed by Antenna Element Gain + 10 * log 10( M/N ) -D2
· For Tx, One row is used represent the gain of antenna gain component 3 + 4, i.e. row No. (4) 
· For Rx, One row is used represent the gain of antenna gain component 3 + 4, i.e. row No. (11)
· Note: more appropriate name or explanation will be added to row No.(4) and (11). Details can be discussed when the link budget template is updated. 
Agreements:
· Define PSD for DL Tx power, which is depend on deployment scenario
· For 4GHz frequency,
· For rural with long distance scenario, PSD is 24 and 33 dBm/MHz
· For rural scenario, PSD is 24 and 33 dBm/MHz
· For urban scenario, PSD is 24 and 33 dBm/MHz
· For 2.6 GHz frequency,
· For rural with long distance scenario, PSD is 33 dBm/MHz
· For rural scenario, PSD is 33 dBm/MHz
· For urban scenario, PSD is 33 dBm/MHz
· For 700MHz, 2GHz frequency
· For rural with long distance scenario, PSD is 36 dBm/MHz
· For rural scenario, PSD is 36 dBm/MHz
· For urban scenario, PSD is 36 dBm/MHz
· Modify the description of row(s) of link budget template:  
· Keep the meaning of Total transmit power (row (3) ) and adding a new row (3 bis): 
· (3bis) means the transmit power for occupied channel bandwidth for control channel (17a) or data channel (17b)
· Companies are requested to set appropriate values for parameters, which is used to determine total transmit power ( row (3) and/or (3bis) ), to satisfy the PSD value above
· Note: RAN1 will further check the consistency of the definition of row(s) in link budget table when the IMT-2020 based link budget tale is updated
Agreements:
For FR1 and FR2:
· Further clarify the Definition of MCL for downlink
· Total transmit power – Receiver sensitivity + gNB antenna gain (component 2), where
· Total transmit power corresponds to row No.(3) + {(6) or -(7)} (for control & data channels)
· Receiver sensitivity corresponds to row No.(22a/22b)
· Further clarify the Definition of MIL for downlink
· Total transmit power – Receiver sensitivity + gNB antenna gain (component 2 + 3 + 4) + UE antenna gain, where
· Total transmit power + gNB antenna gain (component 2 + 3 + 4) corresponds to row No.(9a/9b), i.e.
·  (3) + (4) + (5) + (6) – (8) for control channel
·  (3) + (4) + (5) – (7) – (8) for data channel
· Note: the derivation of (9a/9b) will be modified depending on the discussion on antenna gain & antenna gain correction
· Receiver sensitivity corresponds to row No.(22a/22b)
· (Working assumption for FR2) UE antenna gain corresponds to row No.(11)+No(11bis)
· Note: further refinement/definition of (3) and/or (22a/22b) can be discussed when link budget table is updated. 
Agreements:
Definition of MPL for TDL option 1
· MPL = MIL + [(21a/b) H-ARQ gain] – [ (25a/b) Shadow fading margin – (27) Penetration margin ] + [(26) BS selection/macro-diversity gain ] + [(28) Other gains] – [(12) Cable, connector, combiner, body losses (Rx side) ]
· Note1: (8) is not necessary because it is included in the definition of MIL
· Note2: (20) is not necessary because it is included in receiver sensitivity, which is used to derive MIL
Agreements:
· As for the agreement on antenna gain and antenna gain components including antenna gain correction factors, Table A and Table B are defined as below
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Table A. antenna gain components for TDL option 1
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Table B. antenna gain components for TDL option 2 and CDL
In the contribution, we discuss baseline coverage performance for FR1, with primary focus on target performance 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. 
Target performance for link budget analysis
At the RAN1#102-e meeting, it was agreed that for LLS based methodology, coverage bottleneck(s) identification is performed using at least Maximum Isotropic Loss (MIL) or Maximum Coupling Loss (MCL). Further, Maximum Path Loss (MPL) can be used as supplemental information for coverage bottleneck(s) identification [1]. In particular, link budget analysis based on these three performance metrices were included 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 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 seen as coverage bottleneck, can be derived accordingly.  
When MPL is utilized as performance metric for link budget analysis, 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, 400m, 1732m and 5km target ISD can be considered, respectively.
[bookmark: _GoBack]Further, it was agreed that MPL can be derived based on MIL and some parameters including BS selection/macro-diversity gain, penetration loss and shadow fading margin. In particular, in the link budget template, MPL can be given by
· MPL = MIL – (25a/b) Shadow fading margin + (26) BS selection/macro-diversity gain – (27) Penetration margin + (28) Other gains
Note that when MIL is utilized as performance metric for link budget analysis, one straightforward approach is to derive the target MIL performance based on target MPL and BS selection/macro-diversity gain, penetration loss and shadow fading margin. The values of these parameters can be considered based on the link budget template from IMT-2020 self-evaluation, as illustrated in Table 1 where BS selection/macro-diversity gain is assumed as zero.
[bookmark: _Ref53085997]Table 1. Parameter values used to derive the target MIL
	Deployment Scenarios
	Shadow Fading Margin (dB)
	Penetration Loss (dB)

	Urban, O2I
	4.48
	26.25

	Rural, O2O
	6.61
	9

	Rural, O2I
	5.13
	12.5

	Long Distance, O2O
	4.79
	9


   
Based on the above discussions, target MPL for certain ISDs under various deployment scenarios is first computed and the target MIL can be derived accordingly as in Table 2. 
[bookmark: _Ref53086129]Table 2. Target MIL for link budget analysis
	Deployment Scenarios
	Target MIL (dB)

	4GHz, Urban, O2I, ISD = 400 m
	148.7

	4GHz, Rural, O2I, ISD = 1732 m
	149.2

	4GHz, Rural, O2O, ISD = 1732 m
	147.2

	0.7GHz, Rural, O2I, ISD = 5000 m
	149.4

	0.7GHz, Rural, O2O, ISD = 5000 m
	147.4

	0.7GHz, Long Distance, O2O, ISD = 15 km
	144.7

	0.7GHz, Long Distance, O2O, ISD = 30 km
	156.7


Proposal 1
· For link budget analysis, consider Table 2 as a starting point for target MIL 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, Msg2, Msg4, PDSCH with VoIP and eMBB services. 
Table 4 and Table 5 in the Appendix illustrate required SNRs for DL and UL physical channels in FR1 for link budget analysis, respectively. 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]. 
Table 3 illustrates the antenna gain correction factor for urban and rural scenarios based on system level simulation. In the simulations, the antenna gain correction factor is determined based on the difference between theoretical antenna gain and 95th percentile antenna gain. For rural scenario at 700MHz carrier frequency, antenna gain correction factor of 0dB is assumed.
[bookmark: _Ref53601103]Table 3. Antenna gain correction factor for different scenarios
	Scenario
	Theoretical antenna gain (dB)
	95th percentile antenna gain (dB)
	Antenna gain correction factor (dB)

	Urban at 4GHz: Broadcast channel
	16.81
	12.10
	4.71

	Urban at 4GHz: Unicast channel
	16.81
	13.27
	3.54

	Rural at 4GHz: Broadcast channel
	12.04
	8.83
	3.21

	Rural at 4GHz: Unicast channel
	12.04
	9.79
	2.25



In the following link budget analysis, MIL based baseline performance is presented.  
Urban scenario 
Figure 1 illustrates MIL for urban scenario with O-to-I. In the link budget analysis, it is assumed 4GHz for urban scenario and 400m as target ISD. Further, TDD frame structure with DDDSU (S: 10D:2G:2U) is used. 
From the figures, it can be observed that 
· [bookmark: _Hlk53602813]Considering target data rate of 1Mbps for UL, PUSCH with eMBB service and PRACH format B4 are the performance bottleneck for urban scenario. 
· The gap between PUSCH with eMBB service and target MIL is ~9.4dB.
· The gap between PRACH format B4 and target MIL is ~0.3dB.
[image: ]
[bookmark: _Ref47384689]Figure 1. MIL for Urban scenario: O-to-I, 4GHz 
Observation 1
· Considering 400m ISD and target data rate of 1Mbps for UL, PUSCH with eMBB service and PRACH format B4 are the performance bottleneck for urban scenario. 
· The gap between PUSCH with eMBB service and target MIL is ~9.4dB.
· The gap between PRACH format B4 and target MIL is ~0.3dB.
Rural scenario 
Figure 2 and Figure 3 illustrate MIL 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]For rural scenario at 4GHz, PUSCH with eMBB service of 100kbps target data rate and PRACH format B4 are the performance bottleneck.
· The gap between PUSCH with eMBB service and target MIL is ~4.3dB and ~3dB for O-to-I and O-to-O cases, respectively.
· The gap between PRACH format B4 and target MIL is ~4.1dB and ~1.9dB for O-to-I and O-to-O cases, respectively.
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[bookmark: _Ref47457843]Figure 2. MIL for Rural scenario: O-to-I, 4GHz
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[bookmark: _Ref47457846]Figure 3. MIL for Rural scenario: O-to-O, 4GHz

Observation 2
· For rural scenario at 4GHz, PUSCH with eMBB service of 100kbps target data rate and PRACH format B4 are the performance bottleneck.
· The gap between PUSCH with eMBB service and target MIL is ~4.3dB and ~3dB for O-to-I and O-to-O cases, respectively.
· The gap between PRACH format B4 and target MIL is ~4.1dB and ~1.9dB for O-to-I and O-to-O cases, respectively.


Figure 4 and Figure 5 illustrate MIL 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 
· For rural scenario at 700MHz for O-to-I cases, when 5km target ISD is considered, all UL physical channels, except PUCCH format 1 and PUCCH format 3 with 11-bit UCI payload, cannot achieve target MIL.
· For rural scenario at 700MHz for O-to-O cases, PUSCH with eMBB service, PUCCH format 3 with 22-bit UCI payload and PRACH format B4 cannot achieve target MIL. 
 [image: ]
[bookmark: _Ref47458773]Figure 4. MIL for Rural scenario: O-to-I, 700MHz
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[bookmark: _Ref47458780]Figure 5. MIL for Rural scenario: O-to-O, 700MHz
Observation 3
· For rural scenario at 700MHz for O-to-I cases, when 5km target ISD is considered, all UL physical channels, except PUCCH format 1 and PUCCH format 3 with 11-bit UCI payload, cannot achieve target MIL.
· For rural scenario at 700MHz for O-to-O cases, PUSCH with eMBB service, PUCCH format 3 with 22-bit UCI payload and PRACH format B4 cannot achieve target MIL. 

Rural scenario with long distance
Figure 6 and Figure 7 illustrate MIL 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, all physical channels can achieve target MIL. 
· When 30km target ISD is considered, all physical channels, except for PDCCH, PBCH, PDSCH with VoIP service, and Msg4, cannot achieve target MIL. 
Note that exact performance target including target ISD for rural scenario with long distance needs to be determined first in RAN1. 

[image: ]
[bookmark: _Ref47458879]Figure 6. MIL for Rural with long distance: O-to-O, 700MHz, 15km target ISD
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[bookmark: _Ref47458885]Figure 7. MIL 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, all physical channels can achieve target MIL. 
· When 30km target ISD is considered, all physical channels, except for PDCCH, PBCH, PDSCH with VoIP service and Msg4, cannot achieve target MIL. 

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, PUCCH format 3 and PRACH need further enhancement in terms of coverage. Hence, it is suggested to consider coverage enhancement for PUSCH, PUCCH format 3 and PRACH. Note that potential solutions for PUSCH and PUCCH coverage enhancement are discussed in our companion contribution [3] and [4], respectively. In addition, potential solutions for PRACH coverage enhancement are discussed in our companion contribution [5].
Note that for rural scenario at 700MHz carrier frequency, when 5km target ISD is considered, almost all uplink physical channels cannot achieve target MIL. In addition, for rural scenario with long distance, when 30km target ISD is considered, almost all physical channels cannot achieve target MIL. In our view, RAN1 first needs to determine appropriate target MIL performance for coverage bottleneck identification.
Proposal 2
· RAN1 to study potential techniques for coverage enhancement of PUSCH, PUCCH format 3 and PRACH in FR1. 

Conclusions
In this contribution, we discussed the baseline coverage performance for FR1, with primary focus on target performance and link budget analysis for various DL/UL physical channels for FR1. Further, we summarize the observations and proposals as follows:
Observation 1
· Considering 400m ISD and target data rate of 1Mbps for UL, PUSCH with eMBB service and PRACH format B4 are the performance bottleneck for urban scenario. 
· The gap between PUSCH with eMBB service and target MIL is ~9.4dB.
· The gap between PRACH format B4 and target MIL is ~0.3dB.
Observation 2
· For rural scenario at 4GHz, PUSCH with eMBB service of 100kbps target data rate and PRACH format B4 are the performance bottleneck.
· The gap between PUSCH with eMBB service and target MIL is ~4.3dB and ~3dB for O-to-I and O-to-O cases, respectively.
· The gap between PRACH format B4 and target MIL is ~4.1dB and ~1.9dB for O-to-I and O-to-O cases, respectively.
Observation 3
· For rural scenario at 700MHz for O-to-I cases, when 5km target ISD is considered, all UL physical channels, except PUCCH format 1 and PUCCH format 3 with 11-bit UCI payload, cannot achieve target MIL.
· For rural scenario at 700MHz for O-to-O cases, PUSCH with eMBB service, PUCCH format 3 with 22-bit UCI payload and PRACH format B4 cannot achieve target MIL. 
Observation 4
· For rural scenario with long distance, when 15km target ISD is considered, all physical channels can achieve target MIL. 
· When 30km target ISD is considered, all physical channels, except for PDCCH, PBCH, PDSCH with VoIP service and Msg4, cannot achieve target MIL. 
Proposal 1
· For link budget analysis, consider Table 2 as a starting point for target MIL performance. 
Proposal 2
· RAN1 to study potential techniques for coverage enhancement of PUSCH, PUCCH format 3 and PRACH in FR1. 
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Appendix: Required SNRs for physical channels
Table 4 and Table 5 illustrate required SNRs for DL and UL physical channels in FR1 for link budget analysis, respectively.
[bookmark: _Ref53504037]Table 4. Required SNRs for DL physical channels in FR1
	
	PDSCH
eMBB
	PDSCH
VoIP
	Msg2
	Msg4
	PBCH
	PDCCH

	Urban: 4GHz, TDD, O2I
	-4.51
	-8.45
	-6.94
	-8.71
	-11.2
	-10

	Rural: 4GHz, TDD, O2I
	-4.66
	-8.38
	-6.94
	-8.71
	-11.2
	-10

	Rural: 4GHz, TDD, O2O
	-4.94
	-11.24
	-6.97
	-8.44
	-11.2
	-10

	Rural: 0.7GHz, FDD, O2I
	-0.3
	-3
	-3
	-5.6
	-10.7
	-6.8

	Rural: 0.7GHz, FDD, O2O
	-1.4
	-8.5
	-3
	-5.5
	-11.8
	-6.9

	Rural with long distance: 0.7GHz, FDD, LOS
	-1.8
	-5.8
	-3.2
	-6
	-14.5
	-7.7



[bookmark: _Ref53504039]Table 5. Required SNRs for UL physical channels in FR1
	
	PUSCH
eMBB
	PUSCH
VoIP
	Msg3
	PUCCH
PF1
	PUCCH
PF3-11bits
	PUCCH
PF3-22bits
	PRACH

	Urban: 4GHz, TDD, O2I
	-3.8
	-9.7
	-6.3
	-9.8
	-8.6
	-6
	-13.5

	Rural: 4GHz, TDD, O2I
	-4.1
	-9.7
	-6.3
	-9.8
	-8.6
	-6.0
	-13.5

	Rural: 4GHz, TDD, O2O
	-3.4
	-11
	-6.3
	-8.2
	-8.4
	-5.7
	-13.7

	Rural: 0.7GHz, FDD, O2I
	-3.1
	-5
	-3
	-3.9
	-4.2
	-1.5
	-9.3

	Rural: 0.7GHz, FDD, O2O
	-3.6
	-7
	-3
	-3.7
	-4.3
	-1.6
	-9.4

	Rural with long distance: 0.7GHz, FDD, LOS
	-5.5
	-8.8
	-5.1
	-7.7
	-7.7
	-5.1
	-14.9
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MIL: Rural, 4GHz, TDD, NLOS, O2I
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MIL: Rural, 4GHz, TDD, NLOS, O2O

155.2

161

155.8

157.8

160

159.8

144.2

151.3

149.1

151.4

151.6

148.9

145.3

Gap=3

Gap=1.9

MIL Target = 147.2dB (ISD=1732m)

125 130 135 140 145 150 155 160

dB

PDSCH

 eMBB

PDSCH

 VoIP

Msg2

Msg4

PBCH

NR PDCCH

PUSCH

 eMBB

PUSCH

 VoIP

Msg3

PUCCH

 PF1

   PUCCH

PF3-11bits

   PUCCH

PF3-22bits

  PRACH

Format B4


image6.emf
MIL: Rural, 700MHz, FDD, NLOS, O2I
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MIL: Rural, 700MHz, FDD, NLOS, O2O
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MIL: Rural with Long Distance, 700MHz, FDD, LOS, O2O
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MIL: Rural with Long Distance, 700MHz, FDD, LOS, O2O
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