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Introduction
In RAN#86 meeting, the study item (SI) of NR coverage enhancement was approved [1]. The objective of this SI is to identity the limited channels and study potential coverage enhancement solutions for specific scenarios for both FR1 and FR2. The link-level simulation is specified to determine the basic coverage performance for a variety of downlink and uplink channels and evaluate the performance gain for potential solutions.  In the link-level simulation, the users’ geometry distribution and network’s layout cannot be characterized, which would have impacts on antenna gain, interference strength, etc.. As a compensated evaluation methodology, the system-level simulation is useful for performance evaluation from a network’s aspect.  
In this contribution, considerations on the system-level simulation for FR1 are provided for NR coverage enhancement. 
Considerations on system-level simulation 
In this section, the evaluation scenarios, evaluation metrics, and the detailed evaluation parameters will be discussed. These evaluation parameters can be considered as the baseline simulation assumption to evaluation the performance of the baseline and the gain for the potential solutions. In [1], the performance evaluation for uplink PUSCH and PUCCH channels are prioritized for FR1. To evaluate the achieved rate for eMBB and VoIP services, at least PUSCH should be evaluated by the system-level simulation. 
Focused scenarios and configurations
For the system-level simulation, the focused evaluation scenarios and configurations are included in Table 1.  In IMT-2020 self-evaluation [2], the inter-site distance for rural scenario can be 1732 m and 6000 m. In addition, the extreme long distance (e.g. 30 km) is also discussed for NR coverage enhancement.
Table 1 Focused evaluation scenarios and configurations for FR1
	Scenario
	Urban 
	Rural

	Service type
	eMBB service,
VoIP service
	eMBB service,
VoIP service

	Physical channel for evaluation
	PUSCH
	PUSCH


Focused solutions
As discussed in [4], the potential solutions are proposed to improve the uplink coverage, including cross-slot joint channel estimation, DMRS-less transmission, finer RV transmission, instant higher power transmission, etc.. In addition, other solutions are also mentioned during the email discussion, e.g. sub-band precoding and joint receiving for multiple TRxPs. For cross-slot joint channel estimation and DMRS-less transmission, the link-level simulation is enough to identify the performance gain. For other solutions, the system-level simulation can be considered as a supplementary evaluation methodology to determine performance gain. In the system-level simulation, the channel model including large scale parameters and small scale parameters, geometry location for UE and BS, scheduling, and interference are modelled. For higher power transmission, the scheduled duration and traffic load have impacts on the opportunity for using instant higher power.  The variation of interference cannot be evaluated in the link-level simulation when instant higher power is used. The channel model in the link-level is less accurate than that in the system-level simulation, which would impact the performance for sub-band precoding. In addition, the performance gain for multiple TRxP receiving should be evaluated in the system-level simulation.
[bookmark: _GoBack]Observation 1: System-level simulation could be used for performance evaluation for the specific solutions, e.g. multiple TRxP receiving.
Evaluation metrics
The target rate for different scenarios is defined in [1], which can ensure the good user experience for eMBB and VoIP services. In IMT-2020 self-evaluation [3], user experienced data rate is defined as one of metrics related to the minimum technical performance of IMT-2020 candidate radio interface technologies. For coverage enhancement, use experienced data rate can be reused to identify the performance gain for potential solutions.
In [3], user experienced data rate is the 5% point of the cumulative distribution function (CDF) of the user throughput. User throughput (during active time) is defined as the number of correctly received bits, i.e. the number of bits contained in the service data units (SDUs) delivered to Layer 3, over a certain period of time. In case of one frequency band and one layer of transmission reception points (TRxP), the user experienced data rate could be derived from the 5th percentile user spectral efficiency through equation (1). Let W denote the channel bandwidth and SEuser denote the 5th percentile user spectral efficiency. Then the user experienced data rate, Ruser is given by:
		Ruser = W × SEuser 	(1)
The 5th percentile user spectral efficiency defined in [3] is the 5% point of the CDF of the normalized user throughput.
Proposal 1: If the system-level evaluation is needed to identify the performance gain for potential solutions, take the user experienced data rate as the evaluation metric. 

Detailed evaluation parameters
For Urban and Rural evaluation scenarios, the evaluation parameters defined for IMT-2020 self evaluation [2] can be considered as references for coverage evaluation. It is noted that Urban scenario and Rural scenario with extreme long distance are not defined in [2], but most of evaluation parameters for Dense Urban – eMBB test environment and Rural configuration A – eMBB test environment can be applied for these two scenarios, respectively. The detailed parameters are discussed in the following sections.
Evaluation parameters for Urban scenario
The detailed evaluated parameters for PUSCH in Urban scenario are illustrated in Table 2. Other evaluation parameters align with the Dense Urban – eMBB test environment [2].
Table 2 Evaluation parameters for PUSCH in Urban scenario
	Parameter
	Values

	Scenario
	Urban

	Carrier frequency
	4 GHz

	Waveform
	CP-OFDM/DFT-S-OFDM

	Inter-site distance
	500 m

	Channel model
	UMa_B  [2]

	Duplexing mode
	TDD

	Subcarrier spacing
	30 kHz

	TDD frame structure
	DDDSU / DDDDDDDSUU / DDDSUDSUUD

	Symbols number per slot
	14

	Number of antenna elements per TRxP
	Cross-polarized antenna,
(M,N,P,Mg,Ng) = (12,8,2,1,1)

	Number of TXRU per TRxP
	64Rx (vertical 4-to-12)

	Number of antenna elements per UE
	2Tx with 0°,90° polarization

	Maximal transmit power for UE
	26 dBm

	Mechanic tilt
	90 degree in GCS (pointing to the horizontal direction)

	Electronic tilt
	105 degree in LCS

	UT attachment
	Based on RSRP (Eq. (8.1-1) in TR36.873) from port 0

	Scheduling
	SU-PF

	MIMO mode
	SU-MIMO with rank adaptation

	BS receiver type
	MMSE-IRC

	UE precoder scheme
	Codebook / Non-codebook based

	Sub-band granularity
	Wideband / Subband

	UL CSI derivation
	Non-precoded SRS / Preceded SRS based

	Power control
	 dBm (Companies are encouraged to report this value )

	Power backoff model
	Follow TS 38.101 in Section 6.2.2;

	Overhead
	PUCCH
	2 RBs and 14 OFDM symbols

	
	DMRS
	Type I, 1 FL DMRS symbol, no multiplexing with data

	
	SRS
	2 symbols per 5 slots,

	
	PTRS
	N/A

	Channel estimation
	Non-ideal

	Traffic model
	Full buffer



Evaluation parameters for Rural scenario
The following evaluated parameters can be considered for PUSCH simulation in Rural scenario. Other evaluation parameters align with Rural configuration A – eMBB test environment [2].
Table 3 Evaluation parameters for PUSCH in Rural scenario
	Parameter
	Values

	Scenario
	Rural configuration 1
	Rural configuration 2 (extreme long distance)

	Carrier frequency
	2 GHz for FDD;
4 GHz for TDD
	700 MHz

	Waveform
	CP-OFDM/DFT-S-OFDM
	CP-OFDM/DFT-S-OFDM

	ISD distance
	1732 m
	30 km

	Channel model
	RMa_B [2]
	RMa_B [2]

	Duplexing mode
	FDD / TDD
	FDD

	Subcarrier spacing
	15 kHz for FDD;
30 kHz for TDD
	15 kHz for FDD

	TDD frame structure
	DDDSU / DDDDDDDSUU / DDDSUDSUUD
	N/A

	Symbols number per slot
	14
	14

	Number of antenna elements per TRxP
	Cross-polarized antenna, (M,N,P,Mg,Ng) = (8,4,2,1,1).
	Cross-polarized antenna, (M,N,P,Mg,Ng) = (8,4,2,1,1)

	Number of TXRU per TRxP
	8Rx (vertical 1-to-8)
	8Rx (vertical 1-to-8)

	Number of antenna elements per UE
	1Tx
	1Tx 

	Maximal transmit power for UE
	23 dBm
	23 dBm

	Mechanic tilt
	90 degree in GCS (pointing to the horizontal direction)
	90 degree in GCS (pointing to the horizontal direction)

	Electronic tilt
	105 degree in LCS
	100 degree in GCS (pointing to the horizontal direction)

	UT attachment
	Based on RSRP (Eq. (8.1-1) in TR36.873) from port 0
	Based on RSRP (Eq. (8.1-1) in TR36.873) from port 0

	Scheduling
	SU-PF
	SU-PF

	MIMO mode
	SU-SIMO with rank adaptation
	SU-SIMO

	BS receiver type
	MMSE-IRC
	MMSE-IRC

	Sub-band granularity
	Wideband / Subband
	Wideband / Subband

	UL CSI derivation
	Non-precoded SRS
	Non-precoded SRS

	Power control
	  dBm; (Companies are encouraged to report this value )
	 dBm; (Companies are encouraged to report this value )

	Power backoff model
	Follow TS 38.101 in Section 6.2.2;
	Follow TS 38.101 in Section 6.2.2;

	Overhead
	PUCCH
	2 RBs and 14 OFDM symbols
	2 RBs and 14 OFDM symbols

	
	DMRS
	Type I, 1 FL DMRS symbol + 1 additional DMRS symbol, no multiplexing with data
	Type I, 1 FL DMRS symbol + 1 additional DMRS symbol, no multiplexing with data

	
	SRS
	2 symbols per 5 slots
	2 symbols per 5 slots

	
	PTRS
	N/A
	N/A

	Channel estimation
	Non-ideal
	Non-ideal

	Traffic model
	Full buffer
	Full buffer



Proposal 2: If the system-level evaluation is needed to identify the performance gain for potential solutions, use the evaluated parameters as listed in Table 2 and Table 3 in Section 2.4. 
Conclusions
In this contribution, the evaluation metric and evaluation parameters for system-level simulation are discussed. These evaluation parameters can be considered as the baseline simulation assumption to evaluation the performance gain for the potential solutions. The observations and proposals are listed as following.
Observation 1: System-level simulation could be used for performance evaluation for the specific solutions, e.g. multiple TRxP receiving.
Proposal 1: If the system-level evaluation is needed to identify the performance gain for potential solutions, take the user experienced data rate as the evaluation metric. 
Proposal 2: If the system-level evaluation is needed to identify the performance gain for potential solutions, use the evaluated parameters as listed in Table 2 and Table 3 in Section 2.4. 

References
[bookmark: _Ref503361205][bookmark: _Ref525895623][bookmark: _Ref29026095][bookmark: _Ref528050952][bookmark: _Ref525895749]RP-193240, “New SID on NR coverage enhancement”, RAN#86, Sitges, Spain, December, 2019.
[bookmark: _Ref30335622]Report ITU-R M.2412-0, “Guidelines for evaluation of radio interface technologies for IMT-2020”, October, 2017. 
Report ITU-R M.2410-0, “Minimum requirements related to technical performance for IMT-2020 radio interface(s)”, October, 2017. 
R1-2004155, “Overview of coverage enhancement: scenarios, channels, services and potential solutions”, RAN1#101-e, Huawei, HiSilicon, May 2020.

