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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 similar methodology could be used for FR2 as for FR1, which is discussed in our companion contribution [2]. Following steps could be followed.
· STEP 1: determine the target cell edge data rate and target coverage distance.
Furthermore, the deployment of FR2 could be a cluster of micro cells with coverage distance around 100m. A cluster of micro cells could reduce the possibility of blockage from some extent. 
Since FR2 experiences high propagation loss and is very sensitive to the blockage, the O2I coverage is very challenge, and the line of sight scenario in outdoor and indoor scenarios could be the first priority. The target ISD of FR2 could be 300m for urban scenario, and the target data rate in SID could be taken as the starting point, i.e., 25 Mbps in downlink and 5Mbps in uplink.
Proposal 1: The line of sight scenario in outdoor and indoor scenarios could be the first priority.

Proposal 2: The target ISD of FR2 is 300m for urban scenario, and the target data rate in SID is taken as the starting point, i.e., 25 Mbps in downlink and 5Mbps in uplink.
 
· 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 5Mbps/25Mbps 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. The parameters and values in table 1 could be considered for evaluation for PDSCH and PUSCH.
Table 1. Parameters and values for link budget
	　
	　
	PDSCH
	PUSCH
	Comments

	　
	Center frequency (GHz)
	26GHz
	26GHz
	the center frequency considered for the link budget, which impacts the penetration loss, OTA and etc.

	Transmission Power
	TX Power (dBm) (1)
	37
	13
	total transmit power from gNB or UE

	
	Required Data rate（Mbps)
	25
	5
	data rate requirements for the traffic channels

	
	RB number (2)
	272
	28
	RB numbers which the channel occupies

	
	Tx Power/Subcarrier (dBm) (3)
	1.9
	-12.3
	power density per subcarrier
(3) = (1)-10*log((2)*12)

	System
Margin
	Transmission Line Loss (dB) (4)
	1
	1
	the line loss or cable loss for the gNB antenna

	
	Antenna Gain (5)
	17
	17
	antenna gains which relates to the antenna configurations such per element antenna gain and total antenna element numbers

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

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

	
	Interference Margin (dB) (8)
	3
	1
	the typical interference level in the specific scenarios

	
	penetration loss(dB) (9)
	0
	0
	depending on the specific frequency and material of outer walls

	
	OTA(dB) (10)
	6
	6
	the power loss from the PA to the real antenna emissions

	
	Body Loss (dB) (11)
	6
	6
	losses cause by hands holding or heads

	
	UE antenna gain per element (12)
	3
	3
	Antenna array may be used at UE side.

	
	Total System Margin (dB) (13)
	7
	5
	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)
	13
	7
	

	
	Noise Power (dB) (16)
	-116.2
	-122.2
	Thermal noise plus noise figure
(16) = (14)+10*log10(( subcarrier spacing))+(15)

	
	SNR required 
(e.g. 2x2 in UL, 2x2 in DL) (17)
	-7.2
	1.3
	SINR requirements for the channel
the configuration for the SNR should be illustrated, such as antenna assumptions, channel conditions

	
	Beam gains at TXer (18)
	12
	6
	Antenna array gains considered at the transmitter

	
	Beam gains at RXer (19)
	6
	12
	Antenna array gains considered at the receiver

	
	Sensitivity (20)
	-141.4
	-138.9
	required power sensitivities
(20) = (16)+(17)-(18)-(19)

	MAPL
	Outdoor (21)
	136.3
	121.7
	maximum tolerated pathloss for outdoor to outdoor coverage
(21) = (3)+(13)-(20)

	Distance (Uma)
	Outdoor (23)
	260
	108
	the coverage distance calculation considering e.g. UMa LOS/NLOS pathloss functions



Proposal 3: Adopt the parameters and values in table 1 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, 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 FR2
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. Antenna array gains at both transmitter and receiver sides are taken into account, as in the item (18) and (19). The evaluation results are illustrated in Figure 1. No outdoor to indoor coverage and O2I penetration loss is considered here.

[bookmark: _Ref33974832]Figure 1 26GHz coverage performance
Based on the evaluation results, it can be seen that PUSCH is the bottleneck channel. There are two options to determine the enhancement target for bottleneck channel, i.e., PUSCH, in FR2. First option is to enhance it to reach the target ISD, e.g., 300m ISD. Second option is to enhance it to achieve the same coverage performance of the worst channel among other channels.
Observation 1: PUSCH is the bottleneck channel in FR2.
Proposal 5: More discussions are needed for determining the enhancement target for bottleneck channel in FR2. Two options could be considered.
· Option 1: enhance the bottleneck channel to reach the target ISD, e.g., 300m ISD.
· Option 2: enhance the bottleneck channel to achieve the same coverage performance of the worst channel among other channels.

Based on option 1, the enhancement target is 7.5 dB. Based on option 2, the enhancement target is about 14dB. We think 7.5 dB is a more reasonable target. 
Proposal 6: The coverage enhancement of PUSCH should be considered in the study. The enhancement target is 7.5 dB.


Conclusions
In this contribution, we discuss the working methodology to identify how much enhancement are needed, our initial analysis on the coverage in FR2 and the parameters which could benefit the analysis and evaluations.
Observation 1: PUSCH is the bottleneck channel in FR2.
Proposal 1: The line of sight scenario in outdoor and indoor scenarios could be the first priority.
Proposal 2: The target ISD of FR2 is 300m for urban scenario, and the target data rate in SID is taken as the starting point, i.e., 25 Mbps in downlink and 5Mbps in uplink.
Proposal 3: Adopt the parameters and values in table 1 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: More discussions are needed for determining the enhancement target for bottleneck channel in FR2. Two options could be considered.
· Option 1: enhance the bottleneck channel to reach the target ISD, e.g., 300m ISD.
· Option 2: enhance the bottleneck channel to achieve the same coverage performance of the worst channel among other channels.
Proposal 6: The coverage enhancement of PUSCH should be considered in the study. The enhancement target is 7.5 dB.
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