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Introduction
In RAN #86 meeting, the study item of NR coverage enhancement was approved [1]. The objective of this SI is to identify the target scenarios and services, baseline coverage performance and potential enhancement solutions. In this contribution, we discuss the working methodology to identify how much enhancement are needed, initial analysis on the coverage in FR1 and the suggested parameter values for evaluations. 
Discussion 
2.1 Working methodology
The objective of this study is to identify how much performance improvement is needed for the NR coverage. Firstly, based on the real network deployment, especially the deployment scenarios and inter site distance, identify the required cell edge data rates. Then identify the baseline performance of NR through the link budget based on the real network deployment. Thirdly, how much performance improvement target could be derived based on the baseline performance and the required data rates. 
· STEP 1: determine the target cell edge data rate and target coverage distance. 
Two scenarios are considered in the study item for FR1: Urban scenario and Rural scenario. The target cell edge data rate should be based on the target inter-site distance (ISD). Since commercial deployments and field trials have been launched in many countries and cities, the targeted coverage distance or ISD from those practical deployments should be taken into account in the study item. From our point of view, we try to reuse the 4G base station site for the 5G, so the ISD for urban scenario is typically between 300m and 500m, and the ISD for rural scenario is typically between 1000m and 3000m. Therefore, we propose to use 400m as the target ISD for Urban scenario, and use 1732m as the target ISD for rural scenario. Based on the target ISD for Urban and Rural, we think the current target date rates in the SID could be taken as the starting point, i.e., Urban scenario (DL 10Mbps, UL 1Mbps), Rural scenario (DL 1Mbps, UL 100kbps). In addition, we think O2I should be considered in the evaluations for Urban and Rural. 
Proposal 1: Take 400m as the target ISD for Urban scenario and 1732m as the target ISD for rural scenario. The target date rates in the SID could be taken as the starting point, i.e., Urban scenario (DL 10Mbps, UL 1Mbps), Rural scenario (DL 1Mbps, UL 100kbps).
· STEP 2: carry out link budget calculations to derive baseline performance
Based on the parameters from practical deployment, the baseline performance is calculated with data rate requirements. For example, with 1Mbps/10Mbps as cell edge requirement for uplink/downlink, the MPL of PUSCH and PDSCH can be determined. In addition, baseline performance of downlink and uplink physical control channels should also be evaluated.
For step2, it is important to determine and align the parameters and values for the link budget calculation, and the values should be close to the commercial products. The penetration loss is an important parameter for evaluation, and it should be based on consolidated measurement results. We provide the penetration loss for different frequencies based on a field campaign which were carried out in 5 cities with 5 vendors.  Detailed information could be found in the Annex. Based on the field trial, we propose to use the values in table 1 for penetration loss in the evaluation.
Proposal 2: For penetration loss in outdoor to indoor scenario, the following values for different frequencies are proposed.
Table 1. Values for penetration loss for different frequencies. 
	
	Brick wall
	Concrete wall

	2.6GHz
	15 dB
	24 dB

	3.5GHz
	20 dB
	27 dB

	4.9GHz
	23 dB
	32 dB



For the remaining parameters, the values in table 2 could be considered for evaluation for PDSCH and PUSCH.
Table 2 Parameters and values for link budget
	
	　
	PDSCH 
	PUSCH 
	Comments

	
	Center frequency (GHz)
	2.6GHz
	2.6GHz
	the center frequency considered for the link budget, which impacts the penetration loss, OTA and etc.

	Transmission Power
	TX Power (dBm) (1)
	53
	26
	total transmit power from gNB or UE

	
	Required Data rate（Mbps)
	10
	1
	data rate requirements for the traffic channels

	
	RB number (2)
	272
	58
	RB numbers which the channel occupies

	
	TX Power 
per Subcarrier (dBm) (3)
	17.9
	-2.42
	power density per subcarrier
(3) = (1)-10*lg((2)*12)

	System
Margin
	Transmission Line Loss (dB) (4)
	0
	0
	the line loss or cable loss for the gNB antenna

	
	Antenna Gain (5)
	15
	15
	antenna gains which relates with the antenna configurations such per element antenna gain and the number of element per Tx/Rx

	
	Control Channel Enhancement (6)
	0
	0
	enhancements for the control channel if any, e.g. power boosting

	
	Shadow Fading Margin (dB) (7)
	8
	8
	according to the propagation model

	
	Interference Margin (dB) (8)
	8
	3
	the typical interference level in the specific scenarios

	
	penetration loss(dB) (9)
	15
	15
	depending on the specific frequency and material of outer walls

	
	OTA(dB) (10)
	4
	4
	the power loss from the PA to the real antenna emissions

	
	MS Body Loss (dB) (11)
	3
	3
	losses cause by hands holding or heads

	
	UE antenna gain (12)
	0
	0
	UE antenna gain which might be a negative value

	
	Total System Margin (dB) (13)
	23
	18
	total system margin considering the elements above
(13) = -(4)+(5)+(6)-(7)-(8)-(9)-(10)-(11)+(12)

	Sensitivity
	Thermal Noise(dBm/Hz) (14)
	-174
	-174
	

	
	Noise Figure (dB) (15)
	7
	4
	

	
	Noise Power (dB) (16)
	-122.2
	-125.2
	Thermal noise plus noise figure
(16) = (14)+10*log10(( subcarrier spacing))+(15)

	
	SNR required 
(e.g. 2x2 in UL, 1x4 in DL) (17)
	-7.2
	-3
	SINR requirements for the channel
the configuration for the SNR should be illustrated, such as antenna assumptions, channel conditions

	
	Transmit Diversity Gain (18)
	12
	0
	additional gains considered at the transmitter

	
	Receive Diversity Gain (19)
	0
	9
	additional gains considered at the receiver

	
	Sensitivity (20)
	-141.4
	-137.2
	required power sensitivities
(20) = (16)+(17)-(18)-(19)

	MAPL
	Indoor (21)
	136.3
	116.8
	maximum tolerated pathloss for outdoor to indoor coverage
(21) = (3)+(13)-(20)

	
	Outdoor (22)
	151.3
	131.8
	maximum tolerated pathloss for outdoor to outdoor coverage
(22) = (21)+(9)

	Distance (Uma)
	Indoor (23)
	639
	201
	the coverage distance calculation considering e.g. UMa NLOS pathloss functions

	
	Outdoor (24)
	1547.3
	490.3
	the coverage distance calculation considering e.g. UMa NLOS pathloss functions

	ISD
	Indoor (25)
	1107
	349
	inter-site distance
(25) = sqrt(3)*(23)

	
	Outdoor (26)
	2679.9
	849.2
	inter-site distance
(26) = sqrt(3)*(24)



Proposal 3: Adopt the parameters and values in table 2 for link budget evaluation for PDSCH and PUSCH.

· STEP 3: determine the limited channels and performance gap for the targeted performances
By comparing the baseline performance and target performance derived from required coverage distance or ISD, the target channel and performance gap can be identified.
Proposal 4: Consider the general methodology below for the study to identify the limited channels and the enhancements needed.
· STEP 1: determine the target cell edge data rate and target coverage distance 
· STEP 2: carry out link budget calculations to derive baseline performance  
· STEP 3: determine the limited channels and performance gap for the targeted performances 


2.2 Preliminary coverage analysis for FR1
The coverage performance for both data channel and control channel are evaluated including PUSCH, PDSCH, PBCH, PRACH, PDCCH and PUCCH. Multi-beam operation is assumed for PBCH and PDCCH. The evaluation results are illustrated in Figure 1.
 
[bookmark: _Ref33974832]Figure 1 2.6GHz coverage performance
Due to the limited power in uplink, the PUSCH at 1Mbps data is the limited channel of the system which only provide 116.8 dB MAPL. The PDSCH with 11 Mbps data rate could provide 136.3 dB MAPL. The coverage of 11 Mbps PDSCH could reach 639m for O2I users and the inter-site distance is around 1km, so PDSCH could fulfil the 400m ISD requirement. For the 1Mbps PUSCH, the coverage is only 201m and the ISD is 349m. Considering that 400m inter-site distance in 2.6GHz corresponds to around 128 dB MAPL, coverage enhancement for PUSCH is 11.2dB.
Observation 1: The PDSCH could fulfil the 400m ISD requirement for the O2I scenario in urban. PUSCH needs around 11.2 dB enhancement to fulfil the 400m ISD requirement.

Proposal 5：At least the PUSCH should be considered for the coverage enhancement in FR1. The enhancement target could be further discussed, and 10dB could be taken as the starting point.

Conclusions
In this contribution, we discuss the working methodology to identify how much enhancement are needed, , initial analysis on the coverage in FR1 and the suggested parameter values for evaluations.
Observation 1: The PDSCH could fulfil the 400m ISD requirement for the O2I scenario in urban. PUSCH needs around 11.2 dB enhancement to fulfil the 400m ISD requirement.
Proposal 1: Take 400m as the target ISD for Urban scenario and 1732m as the target ISD for rural scenario. The target date rates in the SID could be taken as the starting point, i.e., Urban scenario (DL 10Mbps, UL 1Mbps), Rural scenario (DL 1Mbps, UL 100kbps).
Proposal 2: For penetration loss in outdoor to indoor scenario, the following values for different frequencies are proposed.
Table 1. Values for penetration loss for different frequencies. 
	
	Brick wall
	Concrete wall

	2.6GHz
	15 dB
	24 dB

	3.5GHz
	20 dB
	27 dB

	4.9GHz
	23 dB
	32 dB


Proposal 3: Adopt the parameters and values in table 2 for link budget evaluation for PDSCH and PUSCH.
Proposal 4: Consider the general methodology below for the study to identify the limited channels and the enhancements needed.
· STEP 1: determine the target cell edge data rate and target coverage distance 
· STEP 2: carry out link budget calculations to derive baseline performance  
· STEP 3: determine the limited channels and performance gap for the targeted performances 
Proposal 5：At least the PUSCH should be considered for the coverage enhancement in FR1. The enhancement target could be further discussed, and 10dB could be taken as the starting point.
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Annex 1- Field penetration loss measurements for reference 
Almost 80% traffic for mobile networks happens in the indoor scenario. Due to the limit of indoor system deployment, most of indoor traffic are solved by Macro cells through outdoor to indoor coverage. Thus the outdoor to indoor coverage penetration loss is one critical parameter for the link budget. In the field trial during Year 2018-2019, we have an opportunity to take the propagation loss measurements in the real deployment scenarios. And penetration loss is one of the important outcome from that. The measurements were carried out in 5 cities with 5 vendors covering multiple frequencies such as 900MHz, 1.8GHz, 2.6GHz, 3.5GHz, 4.9GHz. The measurement equipment and method are illustrated in Figure 2. 
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Figure 2 Illustration of the equipment of measurement campaign
Typical blockage and penetrations losses are measured during the tests. 
[image: ]
Figure 3 Typical blockage an penetration losses
The measurement results are summarized in the table below which could be used for the link budget calculation.
Table 3 Summarized penetration loss


920 MHz	Foliage	Curtain wall	Brick walls	Concrete walls	Inner walls	4	6	9	16	8	1802 MHz	Foliage	Curtain wall	Brick walls	Concrete walls	Inner walls	6	8	11	20	11	1937 MHz	Foliage	Curtain wall	Brick walls	Concrete walls	Inner walls	6	9	13	21	12	2565 MHz	Foliage	Curtain wall	Brick walls	Concrete walls	Inner walls	8	11	15	24	13	3500 MHz	Foliage	Curtain wall	Brick walls	Concrete walls	Inner walls	10	13	20	27	14	4900 MHz	Foliage	Curtain wall	Brick walls	Concrete walls	Inner walls	10	16	23	32	17	
Penetration loss (dB)





2.6GHz O2I MAPL (dB)

PBCH w/ 1 beam	PDCCH w/ 1 beam	PBCH w/ 8 beams	PDCCH w/ 8 beams	PUCCH format  1	PRACH B4-30k	PDSCH @11Mbps	PUSCH @1Mbps	133.09128595198513	129.09128595198513	142.09128595198513	138.09128595198513	137.43697499232712	130.64516253185087	135.29128595198512	115.80269505669776	
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