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1. Introduction
As guided by SID[1], the bottleneck of the NR physical channels should be identified first, and then study the potential enhancement solutions for the bottleneck channels. In this contribution, we discuss the evaluation methodology and assumptions for NR coverage enhancement.
2. [bookmark: _Ref498564494]Evaluation of methodology
1. [bookmark: _Hlk521582650]
2. 
[bookmark: _Ref32326212]In the ITU self-evaluation SI, the coverage of NR physical channels, i.e. PDCCH, PDSCH, PUCCH and PUSCH are evaluated in several scenarios with selected configurations. The evaluation methodologies and assumptions were developed. The evaluation methodology can be summarized as follows: 
Step 1: get the required SINR through link level simulation, 
Step 2: based on the required SINR, calculate the link budget using the link budget template, in which the antenna gain, beamforming gain, and loss due to e.g. body loss and cable loss, is also considered.
Step 3: obtain the available pathloss in dB, and the calculate coverage range based on the pathloss model.
Since, the evaluation methodology provided in ITU self-evaluation are well discussed, it can be considered as baseline for evaluation methodology for NR coverage evaluation.
[bookmark: _Hlk40392195]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.
3. Link level simulation assumptions
3. 
Evaluation assumptions for data channels
For each scenario, the target data rates for eMBB services are provided in SID[1]. For PUSCH and PDSCH, the TB size should be selected to meet the target data rate. Besides, since the required SINR is obtained at a certain target performance, e.g. 10% initial BLER, the selected TBS determination should take the BLER into account. Besides, since not all slots can be allocated for DL or UL transmission in TDD band, the slot configuration should also be considered in TBS determination. Assuming there are X slots in a frame for UL, the target date rate is R, and iBLER is 10%, the TB size can be calculated using the following formula.

For the slot configuration in TDD band, different slot configuration may lead to different DL and UL coverage comparison results. In a typical TDD band, the UL slots are less than the DL slots. For example, DDDSUDDSUU, which is one of the slot configurations used in the NR self-evaluation, can be considered as a starting point, and the special slot is configured as DL: UL= 11:3 for this frame structure.
In ITU self-evaluation, 1/3 code is assumed for PDSCH and PUSCH in link level simulation, which is a relatively low MCS for data channel, it can be considered as the starting point for link level simulation. After the coding rate is determined, the allocated number of RBs can be obtained, given by the following formula.

where, r is the coding rate, Q is the modulation order, and  is the number of RE for data symbols in a RB.
For voip services, the traffic model is 320bits packet per 2 frames, as given by TR36.824[2]. Since the packet size is limited, the number of occupied RBs can be simply set to 4. Due to the limited coverage for UL channels, voip for PUSCH is repeated in all UL resources. While for DL voip, 1 slot can be considered if target coverage can be met.
Evaluation assumptions for control channels
For PDCCH, the parameter of PDCCH monitored in CORESET#0 can be considered. For example, 20MHz BWP with 30kHz SCS, the number of CORESET RBs is 48, then the DCI size is 39, the REG bundle size is 6, and interleaver size is 2.
For PUCCH, long PUCCH formats, i.e., PUCCH format 1, 3 and 4 have better performance compared with short PUCCH formats, i.e. PUCCH format 0 and format 2. For UCI bits less than or equal to 2bits, PUCCH format 1 should be selected, and for UCI bits greater than 2bits, PUCCH format 3 is prioritize compared with PUCCH format 4, since PUCCH format 4 is used for multiplexing multiple user, which is less likely to be configured for cell edge UEs.
For SSB, 20ms periodicity is assumed, and the performance of SSB is obtained assuming UE combines 4 SSBs in a 80ms TTI.
For PRACH MSG1, PRACH format B4, which have the most number of repetitions in PRACH formats, is preferred. Besides, PRACH format B4 can be configured with the same SCS as that for PUSCH and PUCCH, e.g. 15kHz and 30kHz in FR1, which is preferred for multiplexing between UL channels, comapred with 1.25kHz and 5kHz SCS for PUCCH format 0- format 4. For MSG3 in PRACH procedure, 56 bits and 144 bits can be assumed, as that in [2].
The target performance of required SINR can be 1% for all the control channels.
4. Channel model & pathloss model
According to the SID, the coverage evaluation is needed for the following scenarios,
· FR1: Urban, Rural (4GHz TDD or 2GHz FDD) and Rural (700MHz, extreme long distance)
· FR2: Urban and indoor Hotspot.
In different scenarios, the power delay profile may be different. Thus, different channel model would be used for different scenarios or frequency range. For urban and rural scenario in FR1, the propagation delay is relatively long, and TDL-C with 300ns desired delay spread can be considered. For rural with extremely long distance, the signal is likely to be transmitted in LOS manner, therefore TDL-D can be considered. For FR2, due to the limited coverage in high frequency, the delay spread is limited, TDL-A with 30ns can be considered for both urban and InH scenario.
For pathloss model, the LOS model is considered for rural with extremely long distance. And NLOS pathloss model is used for other scenarios.
5. Transmission power, beamforming gain and antenna configuration
The coverage is highly dependent on the transmission EIRP. While the EIRP is usually determined based on transmission power and beamforming gain.
The gNB transmission power in different scenarios are provided for a certain channel bandwidth in TR 38.913 [3], and it can be used as a baseline. If the channel bandwidth is extended, the transmission power is linearly scaled. For example, if the transmission power is P(dBm) for 10MHz channel bandwidth at gNB, the 3dBm higher transmission power compared with P is assumed when the channel BW is 20MHz, which means the transmission power density is constant regardless of the channel bandwidth. The transmission power are uniformly distributed in the DL channel bandwidth, additional power boosting gain can be considered on the allocated resources for DL channels if needed.
For beamforming gain at gNB, the ideal beamforming gain is determined based on the number of antenna elements per TxRU, shown in the following formula.

For both transmission and reception at gNB, cross-polarized antenna array can be assumed, thus number of TxRUs can be 2, where a TxRU is composed by antennas with the same polarization. The total number of antennas used in ITU self-evaluation FR1 is 192, which can be reused for coverage evaluation in FR1. And for FR2 urban, 256 and 32 antennas can be assumed for urban and indoor hotspot as a starting point.
In Rel-15/Rel-16, for a UE specific downlink transmission, gNB may select beam with better quality to serve a UE through beam management procedure or taking advantage of channel reciprocity, hence the ideal BF gain can be considered for transmissions or receptions other than DL broadcast channels.
For DL broadcast channels, e.g. SSBs and PDCCH in type 0-2 CSSs, typically these channels are served by fixed wider beams, the beamforming gain would be reduced compared with UE specific channels. Furthermore, the propagation between gNB and UE may deviate from the center of the broadcast beams, which would further reduce the beamforming gain, these non-ideal factors are not considered in ITU link budget template. In this case, the BF model for broadcast beams should be developed for coverage evaluation for broadcast channels. 
A simplified broadcast beamforming model is given as follows. If there is only 1 SSB covering the whole cell, no beamforming gain (0dB) will be achieved, and 3dB BF gain can be assumed if 2 SSB is used, which means the BF gain of the broadcast channel is linearly increased with the number of SSBs. 

Besides, loss in the beamforming gain caused by the deviation from the normal direction are illustrated in Figure 1 should also be considered. Assuming the gNB antenna panel down tilt angle is 0 degree (other assumptions are not precluded), and UE is assumed to be located at the cell edge assuming the target ISD is met, which means the ‘d_2D’ is the cell radius, the propagation path ’d_3D’ is deviated from the center of the broadcast beam and leads to beamforming gain loss. The degree of deviation can be calculated first, and then obtain the gain loss using the radiation pattern model provided in [4], given as follows,

where the  is the deviation angle in degree,  is the beam width in degree within which the gain loss is less than 3dB, where the 10 degree can be assumed for . Hence, the actual BF again for broadcast channels are given by

[image: ][image: ]
[bookmark: _Ref40420125]Figure 1 typical propagation model and radiation pattern for broadcast beams
For UE in FR1, 1Tx and 2Rx/4Rx with low correlation is assumed for UL and DL respectively, thus no Tx or Rx beamforming gain need to be modeled. While for UR in FR2, the minimum peak EIRP (MPE) is 22.4dBm according to RAN4 requirement, the actual EIRP is usually 4 dB higher than MPE [5]. Due to the EIRP constraints, UE in FR2 is not able to obtain full beam forming gain for UL transmission. Therefore, the EIRP for UE transmission can be set to 22.4 +x dBm, x = 4, regardless of the antenna array configuration.
For UL transmission, the total transmission power is concentrated in the occupied channel bandwidth.
6. Conclusion
Based on the discussion in previous sections, the proposed simulation assumptions are provided in Appendix, and we have 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 simulation assumptions in Appendix can be considered as a starting point for coverage evaluation.
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Appendix A : Evaluation assumptions for FR1
Table A1: Evaluation parameters for downlink data channels
	Parameters
	PDCSH 10Mbps
	PDSCH 1Mbps
	PDSCH voip

	Frame structure for TDD
	DDDSU DDSUU

	Occupied channel bandwidth
	82RB for 30kHz
	8RB for 30kHz
11RB for 15kHz
	4RB for 15 or 30kHz


	TB size
(code rate around 1/3)
	8472 for 30kHz
	848 for 30kHz
1128 for 15kHz
	320 for 15 or 30kHz

	Target BLER
	0.1

	Channel model
	TDL-C

	Delay spread
	300ns

	DMRS Config
	Type I, two DMRS symbol, no multiplexing with data

	slots allocated
	All DL slots allocated for PDSCH
	One slot every 2 frames



Table A2 Evaluation parameters for uplink data channels
	Parameters
	PUCSH 1Mbps
	PUSCH 
100kbps
	PUSCH 
voip
	PUSCH 
MSG3 56bit
	PUSCH 
MSG3 144bit

	Frame structure
	DDDSU DDSUU

	Occupied channel bandwidth
	30RB for 30kHz
	4RB for 15kHz 
or 30kHz
	4RB for 15 or 30kHz

	4RB for 15 or 30kHz

	4RB for 15 or 30kHz


	TB size
(code rate around 1/3)
	1672 for 30kHz
	168 for 30kHz 
112 for 15kHz 

	320 for 15 or 30kHz
	56 for 15 or 30kHz
	144 for 15 or 30kHz


	Target BLER
	0.1

	Channel model
	TDL-C
TDL-D for Rural with extremely long distance

	Delay spread
	300ns

	DMRS Config
	Type I, one DMRS symbol for UE speed 3km/h, 
two DMRS symbol for UE speed 120km/h

	slots allocated
	All UL slots allocated for PUSCH



Table A3: Evaluation parameters for control channels
	Parameters
	PDCCH
(UE/broadcast)
	PBCH
	PRACH
	PUCCH

	Format type
	CCE0 AL=8 DCI size = 39bits
	4-shot combining
	Format B4
	Format 1, 2bit UCI using 14 OFDM symbols 
Format 3, 8bit UCI using 14 OFDM symbols

	Occupied channel bandwidth
	48RB
	20RB
	12RB
	1RB

	Target BLER
	0.01

	Channel model
	TDL-C
TDL-D for Rural with extremely long distance

	Delay spread
	300ns


Appendix B : Evaluation assumptions for FR2
Table B1: Evaluation parameters for downlink data channels-FR2
	Parameters
	PDCSH 25Mbps
	PDSCH voip

	Frame structure for TDD
	DDDSU DDSUU

	Occupied channel bandwidth
	51RB for 120kHz
	4RB for 120kHz

	TB size (code rate around 1/3)
	5248 for 120kHz
	320 for 120Hz

	Target BLER
	0.1

	Channel model
	TDL-A

	Delay spread
	30ns

	[bookmark: _GoBack]DMRS Config
	Type I, two DMRS symbol, no multiplexing with data

	slots allocated
	All DL slots allocated for PDSCH
	One slot every 2 frames



Table B2: Evaluation parameters for uplink data channels-FR2
	Parameters
	PUCSH 
5Mbps
	PUSCH 
voip
	PUSCH 
MSG3 56bit
	PUSCH 
MSG3 144bit

	Frame structure
	DDDSUDDSUU

	Occupied channel bandwidth
	20RB for 120kHz
	4RB for 120kHz
	4RB for 120kHz
	4RB for 120kHz

	TBs (code rate around 1/3)
	2088 for 120kHz
	320 for 120kHz
	56 for 120kHz
	144 for 120kHz

	Target BLER
	0.1

	Channel model
	TDL-A

	Delay spread
	30ns

	DMRS Config
	Type I, two DMRS symbol, no multiplexing with data

	Slots allocated
	All UL slots allocated for PUSCH



Table B3: Evaluation parameters for control channels-FR2
	Parameters
	PDCCH
(UE/broadcast)
	PBCH
	PRACH
	PUCCH

	Format type
	CCE0 AL=8 DCI size = 39bits
	4-shot combining
	Format B4
	Format 1, 2bit UCI using 14 OFDM symbols
Format 3, 2bit UCI using 14 OFDM symbols 

	Occupied channel bandwidth
	48RB
	20RB
	12RB
	1RB

	Channel model
	TDL-A

	Delay spread
	30ns
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