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1. Introduction
In RAN1 101-e meeting, NR coverage evaluation assumptions are discussed, following agreements have been achieved in [1].
	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.
Agreements:
· The evaluation methodology for FR2 is the same as FR1.
Agreements:
· The link budget template for FR2 is the same as FR1.


To identify the bottlenecks of Rel-15/Rel-16 physical channels, we provide coverage performance of different channels in urban and indoor hotspot scenario for NR FR2 in this contribution. Link level simulation is adopted and link budget template provided in [2] is reused.
1. Evaluation assumptions
In previous meeting, link budget template from IMT-2020 self-evaluation and MCL defined in TR 36.824 are proposed as options for coverage evaluations. Considering evaluation methodologies have been well discussed in ITU self-evaluation, and the max available pathloss (MPL) value is a more accurate metric to reflect the coverage compared with max coupling loss (MCL), MPL defined in ITU link budget template is used as the evaluation metric in this contribution. For link level simulation, the detailed parameters are shown in Appendix Table 1.
[bookmark: _Ref47538999]Proposal 1: The coverage evaluation methodology based on link budget calculation and link level simulation in ITU self-evaluation can be considered as baseline in NR coverage enhancement SI.
Besides, CDL-A is considered as channel model for evaluation, thus the beamforming gain is included in link-level simulation. While for broadcast channels, the beamforming(BF) gain loss due to fixed and wider beam should be considered. To obtain the BF gain difference, RSRP distribution of unicast and broadcast beamforming is counted through system level simulation, and the CDF curves of the RSRP for each scenario are provided in Figure 1. The result shows that beamforming gain of broadcast beamforming is about 8dB lower than the unicast beamforming gain in urban, and 5dB lower in indoor, thus 8dB BF gain loss compared to unicast BF gain in urban and 5dB gain loss compared to unicast BF gain in indoor are considered in the evaluation for the broadcast channels. Detailed simulation assumptions for counting RSRP using broadcast and unicast BF can be found in [3]. 
[bookmark: _GoBack][image: ][image: ]
Figure 1 CDF of RSRP distribution of broadcast beamforming and unicast beamforming
[bookmark: _Ref47452967]Proposal 2: The difference between broadcast and unicast beamforming gain should be considered in the evaluation.
· About 8dB broadcast beamforming gain loss is observed compared to unicast beamforming gain in urban scenario.
· About 5dB broadcast beamforming gain loss is observed compared to unicast beamforming gain in indoor scenario.
Similarly, the spatial Rx filter for PRACH reception is assumed to be same as the spatial Tx filter of the associated SSB. Therefore, the beamforming gain loss due to broadcast receiver beamforming at gNB should be taken into account for PRACH and MSG3, the same BF gain loss as that for DL broadcast channel is assumed.
It should be noted that the UE transmission EIRP is limited, and the minimum peak EIRP measurement based on feasible implementation assumptions is provided in TS 38.817. For band n257, the UE transmission EIRP is 22.4dBm, which is also assumed in evaluation. Detailed requirements are provided in appendix C.
[bookmark: _Ref47539398]Proposal 3: The UE transmission EIRP is 22.4dBm in FR2.
1. Evaluation results
In this section, the evaluation results of MPL for different scenarios are given. Channel model B is considered as the pathloss model.
· Urban
As agreed in previous meeting, both NLOS outdoor-to-outdoor and NLOS outdoor to indoor are considered for urban scenario. And following carrier frequency and frame structures are evaluated.
· 28GHz, DDDSU
· 28GHz, DDSU
· 28GHz, DDDSU
[image: ][image: ]
Figure 2 MPL in urban scenario for 28GHz DDDSU
· 28GHz, DDSU
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Figure 3 MPL in urban scenario for 28GHz DDSU
In urban scenario of FR2, due to the EIRP constraints, UL beamforming gain cannot be achieved. Hence the performance gap between UL and DL channels is even larger compared with that in FR1 [4]. If the target ISD is 500m, as that for FR1, it is too aggressive to reach the coverage, almost all channels cannot meet the coverage requirement, especially for O2I. The target ISD for FR2 urban scenario should be further discussed.
[bookmark: _Ref47539451]Proposal 4: The target ISD for FR2 urban scenario should be further discussed.
· Indoor hotspot
Only NLOS indoor-to-indoor is considered in this scenario. And following carrier frequency and frame structures are evaluated.
· 28GHz, DDDSU
· 28GHz, DDSU
· 28GHz, DDDSU
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Figure 4 MPL in indoor scenario for 28GHz DDDSU
· 28GHz, DDSU
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Figure 5 MPL in indoor scenario for 28GHz DDSU
In indoor hotspot scenario, the coverage of all channels is large enough to meet the target ISD of 20m, thus no further enhancement is needed. For indoor, the power for DL channels is assumed to be concentrated in the allocated channel bandwidth, which is similar to the power allocation for UL channels. Hence, the coverage for DL and UL channels is more balanced compared with that in urban scenario.
1. Bottleneck of the physical channels
[bookmark: PP3]Based on the evaluation results provided in section 3 urban scenario, the UL channels are obvious lower than DL channels. PUSCH eMBB, PRACH and PUSCH MSG3 channels are obviously the bottleneck channels. For PUSCH voip, since PUSCH repetition and retransmission is assumed, better coverage can be achieved. However, for a high load cell, it may be too ideal to use so many repetitions, as shown in Appendix A, for voip transmission. If limited number of PUSCH transmission occasions are allocated for PUSCH voip, coverage enhancement maybe still needed. Moreover, though PUCCH has the best coverage performance among uplink channels except voip, there is still a great performance gap compared to broadcast PDCCH, which is the poorest coverage performance among DL channels. Therefore, enhancement on PUCCH is also needed for FR2 urban scenario.
[bookmark: _Ref47539519]Proposal 5: In urban scenario, all uplink channels need to be enhanced for coverage enhancements.
1. Conclusion
In this contribution, we provide our evaluation results in urban scenario Indoor hotspot scenario with the following proposals:
Proposal 1: The coverage evaluation methodology based on link budget calculation and link level simulation in ITU self-evaluation can be considered as baseline in NR coverage enhancement SI.
Proposal 2: The difference between broadcast and unicast beamforming gain should be considered in the evaluation
· About 8dB broadcast beamforming gain loss is observed compared to unicast beamforming gain in urban scenario.
· About 5dB broadcast beamforming gain loss is observed compared to unicast beamforming gain in indoor scenario.
Proposal 3: The UE transmission EIRP is 22.4dBm in FR2.
Proposal 4: The target ISD in urban scenario should be further discussed.
Proposal 5: In urban scenario, all uplink channels need to be enhanced for coverage enhancements.
Appendix A: Evaluation assumptions for physical channels
Table 1 evaluation assumption for FR2
	Parameter
	Evaluation assumptions

	UE Tx EIRP
	22.4dBm 

	UE panel
	One panel, (M,N,P,Mg,Ng) = (2,2,2,1,1)

	Tx Power at gNB
	Urban: 41dBm for 100MHz
Indoor: 24dBm for 100MHz

	gNB panel
	Urban: (M,N,P,Mg,Ng) = (4,8,2,2,2)
Indoor: (M,N,P,Mg,Ng) = (8,8,2,1,1)

	Power assignment
	Concentrated on occupied BW for UL, Indoor DL
Uniformed allocated to channel BW for Urban DL

	PDSCH
(eMBB)
	Occupy full bandwidth

	PDSCH 
(voip)
	4 repetitions, 4 HARQ transmission times in a 20ms period

	PDSCH
(MSG4)
	TBs = 3000bits, around 1/3 code rate.

	PUSCH
(eMBB)
	30 PRB for 5Mbps, intra frequency hopping is assumed, one DMRS for each hop

	PUSCH
(voip)
	4 repetitions, 4 HARQ transmission times in a 20ms period, inter frequency hopping is assumed

	PUCCH
	Format 1, 2bit, 0.1% Nack to Ack probability
Format 3, 11bit and 22bit, 4DMRS is assumed, 1% BLER
No repetition


Appendix B: Performance gap between MPL and target ISD requirements
The target ISD of each scenario is recommended in TR 38.913, which has been listed in table 2. To intuitively reflect the gap between the evaluation performance and target MPL requirements, these performance gap is calculated and provided in table 3.
Table 2 target ISD in each scenario
	scenarios
	Urban
	Indoor hotspot

	target ISD
	500m
	20m


Table 3 performance gap between MPL and target coverage requirements
	MCL gap(dB)
	PDSCH 
(eMBB)
	PDSCH 
(voip)
	PDCCH 
(UE)
	PDSCH
MSG4
	PDCCH 
(BC)
	SSB
	PUSCH
 (eMBB)
	PUSCH 
(voip)
	PUSCH
MSG3
	PRACH 
format B4
	PUCCH
PF1
	PUCCH 
(PF3 11bit)
	PUCCH 
(PF3 22bit)

	Urban(500m)
DDDSU O2O
	3.91
	-7.04
	5.27
	13.19
	13.29
	9.07
	35.02
	16.54
	26.9
	32.73
	23.3
	21.42
	24.12

	Urban(500m)
DDDSU O2I
	19.23
	8.4
	21.52
	28.51
	29.58
	24.61
	50.27
	29.46
	42.02
	48.48
	38.8
	37.14
	40.42

	Urban(200m)
DDDSU O2O
	-11.64
	-22.59
	-10.28
	-2.36
	-2.26
	-6.48
	19.47
	0.99
	11.35
	17.18
	7.75
	5.87
	8.57

	Urban(200m)
DDDSU O2I
	3.68
	-7.15
	5.97
	12.96
	14.03
	9.06
	34.72
	13.91
	26.47
	32.92
	23.25
	21.59
	24.87

	Urban(500m)
DDSU O2O
	4.39
	-7.04
	5.27
	13.19
	13.29
	9.07
	34.38
	13.97
	26.9
	32.73
	23.3
	21.42
	24.12

	Urban(500m)
DDSU O2I
	19.7
	8.4
	21.52
	28.51
	29.58
	24.61
	49.64
	29.46
	42.02
	48.48
	38.8
	37.14
	40.42

	Urban(200m)
DDSU O2O
	-11.16
	-22.59
	-10.28
	-2.36
	-2.26
	-6.48
	18.83
	-1.58
	11.35
	17.18
	7.75
	5.87
	8.57

	Urban(200m)
DDSU O2I
	4.15
	-7.15
	5.97
	12.96
	14.03
	9.06
	34.09
	13.91
	26.47
	32.92
	23.25
	21.59
	24.87

	Indoor(20m)
DDDSU 
	-27.66
	-52.29
	-28.71
	-26.34
	-23.43
	-34.48
	-18.05
	-40.71
	-28.89
	-25.6
	-30.15
	-32.34
	-29.1

	Indoor(20m)
DDSU 
	-26.56
	-52.29
	-28.71
	-26.34
	-23.43
	-34.48
	-18.77
	-40.71
	-28.89
	-25.6
	-30.15
	-32.34
	-29.1


Note: Target ISD of 500m is too strict for uplink channels in urban scenario, therefore the performance gap is calculated assuming the target ISD is 200m. 
The negative values in green means the coverage of the physical channel can meet the target requirement in corresponding scenario, and the positive values in red shows performance gap compared with the target available pathloss. Meanwhile, the values which are close to the target threshold with limited performance margin are marked with yellow. 
It can be observed that in urban scenario, all channels have a great gap, even if in O2O scenario with target ISD of 200m, there are only downlink unicast channels that are large enough to achieve the coverage requirement. Therefore, a reasonable target should be further discussed in urban scenario.
Appendix C: Minimum Peak EIRP
Table 7.2.1.4.1-2: UE Minimum Peak EIRP for Power class 3
	Operating Band
	Min Peak EIRP (dBm)

	n257
	22.4

	n258
	22.4

	n260
	20.6

	n261
	22.4

	NOTE 1: minimum peak EIRP is defined as the lower limit without tolerance
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