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1 Introduction

At RAN #86 meeting, SI on NR coverage enhancement was approved.  The target performance target at cell edge is shown below [1]:
· For FR1: Urban scenario (outdoor gNB serving indoor UEs), and rural scenario (including extreme long distance rural scenario, e.g. ISD=30km), should be taken into account for coverage enhancement. VoIP and eMBB service should be taken into account for coverage enhancement. Both DL and UL should be taken into account for coverage enhancement. The coverage enhancement for UL (including PUSCH and PUCCH) should be prioritized. The target data rates were identified:

· Urban scenario: DL 10Mbps, UL 1Mbps

· Rural scenario: DL 1Mbps, UL 100kbps

· For FR2: Indoor scenario (indoor gNB serving indoor UEs) and urban/suburban (including outdoor gNB serving outdoor UEs and outdoor gNB serving indoor UEs) scenario should be taken into account for coverage enhancement. eMBB is considered for coverage enhancement, and VoIP as second priority. Both DL and UL should be taken into account for coverage enhancement. And which channels should be considered depends on evaluation results. The target data rates were identified.

· Indoor scenario: DL 25Mbps, UL 5Mbps

· Urban scenario: DL [25Mbps], UL [5Mbps]
· Suburban scenario: DL [1Mbps], UL [50kbps]
In this contribution, we provide our views on evaluation methodology and criteria for coverage enhancement.
2 Discussion
2.1 Evaluation criteria
There are different possible evaluation criteria for coverage enhancement which are summarized below from our side:
a) The maximum coupling loss is used for coverage evaluation
The maximum path loss determined by the ISD can be set as the target coverage. The cell radius is calculated as R=ISD/sqrt(3) and the ISD provided in table 1 could be the starting point. The maximum coupling loss is calculated according to the target data rate. The performance gap between target coverage and available coverage can be used to access whether and how much we need to further enhance the coverage.  The calculation procedure for MCL and MPL is shown in table 1. It should be noticed that it is critical to define the target data rate and target ISD.  
Table 1: the calculation procedure for MCL and MPL

	Performance used for coverage evaluation
	Calculation procedure

	MCL(baseline performance)
	1. Target data rate is used to determine the assumption parameters of LLS. 
2. Required SNR is obtained via LLS

3. MCL is calculated with the link budget template based on the required SNR

	MPL(target performance)
	Maximum path loss is calculated based on the cell radius 


b) Comparable coverage between different DL/UL channels 
If  the coverage gap between DL/ UL channel is very large, the channel with smaller coverage will be the bottleneck and needed to be enhanced accordingly. However, it should be noted that this criteria makes sense only if the coverage of both  DL and UL are needed to be enhanced. If one of the two directions already satisfies the requirement, we don’t need to further consider the gap between different directions. In the other words, we still need to determine what target coverage is.
c) Comparable coverage between NR and LTE 
In the case of co-sited deployment between NR and LTE, comparable coverage between two systems is beneficial to reduce the cost of 5G deployment. However, it will needs additional efforts to evaluate the LTE coverage. Considering the limited time budget for coverage enhancement, it may be not feasible at this stage. 
d) Comparable coverage between different services

From system perspective, different services should satisfy the target coverage simultaneously in order to guarantee a UE can obtain any services it expected. eMBB and VoIP may have different coverage as their TBS are variant. Similar to criteria b), it is only meaningful when both of them cannot satisfy the target coverage.
Based on above analyses, criteria a) is a straightforward and complete way to go.
Proposal 1: The maximum coupling loss and maximum path loss can be used for coverage evaluation
2.2 Evaluation methodology
Considering the limit time budget on SID of R17 coverage enhancement, we suggest to reuse simulation assumption parameters and link budget methodology for 3GPP submission in IMT-2020 self-evaluation as much as possible. The link budget template for coverage evaluation is shown in table 1 with identifying the parameters which need to be updated.
Similar as IMT-2020 self-evaluation, coverage could be evaluated following the procedures listed below per scenario per channel.
Step-1: Obtaining the required SNR via link level simulation;
Step-2: Calculating the maximum coupling loss with the required SNR according to the link budget methodology in IMT-2020 self-evaluation as Table 1;
Step-3: Calculating the maximum path loss at the cell edge determined by ISD.
Step-4: Comparing the performance gap between MCL and MPL.
Table 1 Link budget template

	Parameter
	Values

	Frame structure
	Update

	Carrier frequency (Hz)
	Update

	BS antenna heights (m)
	Reuse

	UT antenna heights (m)
	Reuse

	Cell area reliability for control channel
	Reuse

	Cell area reliability for data channel
	Reuse

	Transmission bit rate for control channel (bit/s)
	Update

	Transmission bit rate for data channel (bit/s)
	Update

	Target packet error rate for the required SNR in item (19a) for control channel
	Reuse

	Target packet error rate for the required SNR in item (19b) for data channel
	Reuse

	Spectral efficiency (bit/s/Hz)
	Reuse

	Pathloss model (select from LoS or NLoS)
	Reuse

	UE speed (km/h)
	Reuse

	Feeder loss (dB)
	Reuse

	Transmitter

	(1) Number of transmit antennas. (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)
	Update

	(1bis) Number of transmit antenna ports
	Reuse

	(2) Maximal transmit power per antenna (dBm)
	Reuse

	(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)
	Reuse

	(4) Transmitter antenna gain (dBi)
	Reuse

	(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)
	Reuse

	(6) Control channel power boosting gain (dB)
	Reuse

	(7) Data channel power loss due to pilot/control boosting (dB)
	Reuse

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	Reuse

	(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm
	Reuse

	(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8) dBm
	Reuse

	Receiver

	(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)
	Reuse

	(11) Receiver antenna gain (dBi)
	Reuse

	(11bis) Receiver array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, etc.) (dB)
	Reuse

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	Reuse

	(13) Receiver noise figure (dB)
	Reuse

	(14) Thermal noise density (dBm/Hz)
	Reuse

	(15a) Receiver interference density for control channel (dBm/Hz) 
	Reuse

	(15b) Receiver interference density for data channel (dBm/Hz) 
	Reuse

	(16a) Total noise plus interference density for control channel = 10 log (10^(((13) + (14))/10) + 10^((15a)/10)) dBm/Hz  
	Reuse

	(16b) Total noise plus interference density for data channel = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz 
	Reuse

	(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)
	Update

	(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)
	Update

	(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm
	Reuse

	(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm
	Reuse

	(19a) Required SNR for the control channel (dB) 
	LLS

	(19b) Required SNR for the data channel (dB) 
	LLS

	(20) Receiver implementation margin (dB)
	Reuse

	(21a) H-ARQ gain for control channel (dB)
	Reuse

	(21b) H-ARQ gain for data channel (dB)
	Reuse

	(22a) Receiver sensitivity for control channel = (18a) ++ (19a) + (20) – (21a) dBm
	Reuse

	(22b) Receiver sensitivity for data channel = (18b) ++ (19b) + (20) – (21b) dBm
	Reuse

	(23a) Hardware link budget for control channel = (9a) + (11) + (11bis) − (22a) dB
	Reuse

	(23b) Hardware link budget for data channel = (9b) + (11) + (11bis) − (22b) dB
	Reuse

	Calculation of available pathloss

	(24) Lognormal shadow fading std deviation (dB)
	Reuse

	(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)
	Reuse

	(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 
	Reuse

	(26) BS selection/macro-diversity gain (dB)
	Reuse

	(27) Penetration margin (dB)
	Reuse

	(28) Other gains (dB) (if any please specify)
	Reuse

	(29a) Available path loss for control channel = (23a) – (25a) + (26) – (27) + (28) – (12) dB
	

	(29b) Available path loss for data channel = (23b) – (25b) + (26) – (27) + (28) – (12) dB
	

	Range/coverage efficiency calculation

	(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)
	

	(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)
	


Proposal 2: Reusing link budget methodology for 3GPP submission with updated parameters:
Step-1: Obtaining the required SNR via link level simulation.
Step-2: Calculating the maximum coupling loss with the required SNR according to the link budget methodology in IMT-2020 self-evaluation as Table 1.
Step-3: Calculating the maximum path loss at the cell edge determined by ISD.

Step-4: Comparing the performance between MCL and MPL.

2.3 Target scenarios
Based on SID on R17 coverage enhancement [1], below scenarios and service need be studied
· FR1
· Urban scenario (outdoor gNB serving indoor UEs), 
· Rural scenario (including extreme long distance rural scenario) 
· Supporting both TDD and FDD 
· Supporting both VoIP and eMBB service
· FR2
· Indoor scenario (indoor gNB serving indoor UEs) 
· Urban/suburban scenario (including outdoor gNB serving outdoor UEs and outdoor gNB serving indoor UEs).
· eMBB service as first priority and VoIP as second priority for FR2.
Detail evaluation scenarios on R17 coverage enhancement are as follows:

Table2. Evaluation scenarios on NR coverage enhancement work assumption

	Frequency band
	Scenarios
	ISD1

	Duplexing scheme and frequency
	Service
	Performance metric

	FR1
	Urban
	ISD 1: 400m
ISD 2: 500m
	4GHz TDD
	VoIP, eMBB
	DL 10Mbps, 
UL: 1 Mbps for eMBB
DL/UL: 12.2 kbps for VoIP

	
	Rural
	ISD 1: 1732m
ISD 2: 6000m
ISD 3:  30Km
	700M FDD
2GHz FDD/
4GHz TDD
	VoIP, eMBB
	DL 1Mbps, 
UL: 100 kbps for eMBB
UL: 12.2 kbps for VoIP

	FR2
	Indoor
	[20m
(Equivalent to 12TRxPs per 120m x 50m)]
	[30GHz] (TDD)
	VoIP, eMBB
	DL [25Mbps], UL [5Mbps] for eMBB

	
	Urban
	ISD 1: [200m]
ISD 2: [500m]
	[30GHz] (TDD)
	VoIP, eMBB
	DL [25Mbps], UL [5Mbps] for eMBB

	
	suburban
	N/A
	[30GHz] (TDD)
	VoIP, eMBB
	DL [1Mbps], UL [50kbps] for eMBB


Note1: the ISDs provided in table 1 for FR1 and FR2 come from [2] and [3] respectively.
In our understanding, FR1 is more critical from the deployment point of view. Furthermore, whether the channel model used for evaluation in FR1 is suitable for FR2 is questionable. Considering the limited time unit for coverage enhancement, the FR1 scenarios should be prioritized. 

Proposal 3: Coverage enhancement for FR1 should be prioritized. 
3 Conclusion
In this contribution, evaluation scenarios and  baseline coverage performance are discussed. We have the following proposals:
Proposal 1: The maximum coupling loss and maximum path loss can be used for coverage evaluation
Proposal 2: Reusing link budget methodology for 3GPP submission with updated parameters:
· Step-1: Obtaining the required SNR via link level simulation.
· Step-2: Calculating the maximum coupling loss with the required SNR according to the link budget methodology in IMT-2020 self-evaluation as Table 1.
· Step-3: Calculating the maximum path loss at the cell edge determined by ISD.

· Step-4: Comparing the performance between MCL and MPL.
Proposal 3: Coverage enhancement for FR1 should be prioritized.
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