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Introduction
[bookmark: _GoBack]A study item on NR coverage enhancement was approved [1]. One of objectives of this study item is to identify baseline coverage performance for both DL and UL for the following scenarios and services based on link-level simulation.
· The target scenarios and services include
· Urban (outdoor gNB serving indoor UEs) scenario, and rural scenario (including extreme long distance rural scenario) for FR1
· Indoor scenario (indoor gNB serving indoor UEs), and urban/suburban scenario (including outdoor gNB serving outdoor UEs and outdoor gNB serving indoor UEs) for FR2
· TDD and FDD for FR1
· VoIP and eMBB services for FR1
· eMBB service as first priority and VoIP as second priority for FR2
· LPWA services and scenarios are not included.
In this document, we provide baseline coverage performance analysis in FR1.
Baseline coverage performance
Simulation assumptions
In our link-level simulation, PUSCH, PUCCH, PDSCH, PDCCH and Msg.3 are evaluated. General assumptions used in our evaluation are summarized in Table 1.
Table 1: General simulation parameters
	Scenario
	Urban
	Rural

	eMBB
Target data rate
	DL: 10Mbps
UL: 1Mbps
	DL: 1Mbps
UL: 100kbps

	VoIP
	A packet size of 320 bits with 20 ms data arriving interval is adopted.

	Latency requirements for voice
	50 ms

	Frequency
	4 GHz (TDD)
	4 GHz (TDD), 2 GHz (FDD), 700 MHz (FDD)

	Frame structure for TDD
	DDDSU (S: 10D:2G:2U)
DDDSUDDSUU (S: 10D:2G:2U)

	Pathloss model
	NLOS

	BWP
	100 MHz for 4 GHz
20 MHz for 2 GHz and 700 MHz

	SCS
	30 kHz for TDD, 15 kHz for FDD

	Number of antenna elements for BS
	192 for 4 GHz
	64 for 4 GHz, 32 for 2 GHz, 16 for 700 MHz

	Number of TxRUs for BS
	2 for 2 GHz and 700 MHz
64 TxRUs for 4 GHz

	Number of transmit/receive chains modelled in LLS
	4 for 4 GHz
2 for 2 GHz and 700 MHz

	Channel model
	TDL-C

	Delay spread
	300 ns

	UE velocity
	3 km/h
	3 km/h for indoor, 120 km/h for outdoor


Channel-specific parameters for link-level evaluation are summarized in Table 2.
Table 2: Channel-specific parameters for link-level evaluation
	PUSCH

	Target BLER
	10% iBLER for eMBB
2% rBLER for VoIP

	Waveform
	DFT-s-OFDM

	Number of UE transmit chains
	1

	PUSCH duration 
	14 OFDM symbols

	Frequency hopping
	w/ or w/o frequency hopping

	DMRS configuration
	PUSCH mapping Type A
3 km/h:
Type 1, 2 DMRS symbol, no multiplexing with data
For frequency hopping: Type 1, 2 DMRS symbols for each hop, no multiplexing data
120 km/h:
Type 1, 3 DMRS symbol, no multiplexing with data
For frequency hopping: Type 1, 2 DMRS symbol for each hop, no multiplexing data

	PRBs / TBS / MCS for eMBB
	30 PRBs for 1Mbps, 4 PRBs for 100kbps
TBS and MCS is derived based on e.g., the number of PRBs, target data rate, frame structure and overhead.
TDD:
MCS4 for ‘DDDSU’
MCS2 for ‘DDDSUDDSUU’
FDD:
MCS0

	PRBs / MCS for VoIP
	4 PRBs / MCS4

	Repetition
	eMBB
w/o repetition
VoIP
w/o repetition or w/ repetition (2 repetitions)

	HARQ configuration
	eMBB
w/o HARQ
VoIP
w/ HARQ (The maximum number of HARQ transmission is 8.)

	PUCCH

	PUCCH format
	Format 1: 2 bits UCI
Format 3: 11 or 22 bits UCI

	Target performance
	PUCCH format 1:
DTX to ACK probability: 1%
NACK to ACK probability: 0.1%
ACK missed detection probability: 1%
PUCCH format 3:
BLER for ACK/NACK, SR: 1%

	Duration
	14 OFDM symbols

	Number of UE transmit chains
	1

	Number of PRBs
	1 PRB

	Frequency hopping
	Enabled

	DMRS configuration
	2 DMRS symbols per hop for PUCCH format 3

	Number of repetitions
	w/o repetition

	PDSCH

	Target BLER
	10% iBLER for eMBB

	Waveform
	CP-OFDM

	Number of UE receive chains
	4 for 4 GHz
2 for 2 GHz and 700 MHz

	PRBs / MCS / TBS
	155 PRBs for 10 Mbps, 16 PRBs for 1 Mbps
TBS and MCS is derived based on e.g., the number of PRBs, target data rate, frame structure and overhead.
TDD:
MCS3 for ‘DDDSU’
MCS4 for ‘DDDSUDDSUU’
FDD:
MCS4

	PDSCH duration
	12 OFDM symbols

	DMRS configuration
	PDSCH mapping Type A
3 km/h:
Type 1, 2 DMRS symbol, no multiplexing with data
120 km/h:
Type 1, 3 DMRS symbol, no multiplexing with data

	Repetition
	w/o repetition

	HARQ configuration
	w/o HARQ

	PDCCH

	Target performance
	1% BLER

	Number of UE receive chains
	4 for 4 GHz
2 for 2 GHz and 700 MHz

	CORESET size
	2 symbols, 48 PRBs

	Aggregation level
	16

	Payload
	40 bits

	Tx diversity
	REG-bundle with cycle

	Msg.3

	Target performance
	10% iBLER

	Waveform
	DFT-s-OFDM

	Number of UE transmit chains
	1

	Number of PRBs
	2

	Frequency hopping
	Enabled

	PUSCH duration
	14 OFDM symbols

	Number of DMRS symbols
	2 DMRS symbols per hop

	TBS
	56 bits

	HARQ configuration
	w/o HARQ



Baseline coverage performance
In baseline coverage performance evaluation, the required SINR is obtained for the physical channels under target scenarios and service/reliability requirements by link-level simulation. In the next step, baseline performance is obtained based on the required SINR and link budget template [2]. The detailed values for link budget template are summarized in the attached excel spreadsheet in this tdoc. Figure 1 shows the MIL calculation results for FR1 for Urban and Rural scenarios.
As shown in Fig.1, PUSCH is worst channel in all scenarios, where its MIL is around 18 dB lower than the best channel. Therefore, the coverage improvement of PUSCH should be the most essential part of the study. 
For PUCCH, PUCCH format 1 is the 2nd best channel in all scenarios and only the PUCCH format 3 with larger payload size could be bottleneck of PUCCH coverage. On the other hand, in this evaluation, PUCCH repetition is not evaluated. It is expected that PUCCH repetition can provide a gain of several dB for the baseline coverage performance. Therefore, at least the enhancement of increasing the maximum number of PUCCH repetition would not be necessary.
For PDSCH, there are around 8 dB and 4 dB MIL lower than the best channel and the 2nd best channel, respectively. If the target for a channel is formulated as the amount of difference of MILs between the channel and the 1st or 2nd best channel among all UL and DL channels, PDSCH should be enhanced. On the other hand, it is necessary to consider several aspects, such as the relative amount of MIL difference and satisfactions of other target metrics (e.g., ISD, MPL, etc),  to decide whether to enhance a channel or not. Even if there is relative amount of MIL difference between the channels, but the channels can achieve target MPL, so that the improvement may not necessary.
The MIL difference between Msg.3 and the best channel is around 15 dB. Therefore, the coverage improvement of Msg.3 could be potential candidate of enhancement.
Observation 1: PUSCH is worst channel in both urban and rural scenarios.
Observation 2: PUCCH format 3 with larger payload size could be bottleneck of PUCCH coverage.
Observation 3: PDSCH needs to be enhanced if the performance target is formulated as relative amount MIL difference compared with the best channel or 2nd best channel.
Based on the above observations, we propose following.
Proposal 1: The coverage improvement of PUSCH should be the most essential part of the study.
Proposal 2: The enhancement of PUCCH format 3, Msg.3, and PDSCH could be considered as the second priority for FR1 coverage enhancement.
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(a) Urban, 4GHz, TDD
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(b) Rural (Indoor), 4 GHz, TDD
[image: ]
(c) Rural (Outdoor), 4 GHz, TDD
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(d) Rural (Indoor), 2 GHz, FDD
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(e) Rural (Outdoor), 2 GHz, FDD
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(f) Rural (Indoor), 700 MHz, FDD
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(g) Rural (Outdoor), 700 MHz, FDD
Fig.1 MIL calculation results for FR1


Conclusion
In this contribution, we provide baseline coverage performance analysis in FR1. We made following observations and proposals.
Observation 1: PUSCH is worst channel in both urban and rural scenarios.
Observation 2: PUCCH format 3 with larger payload size could be bottleneck of PUCCH coverage.
Observation 3: PDSCH needs to be enhanced if the performance target is formulated as relative amount MIL difference compared with the best channel or 2nd best channel.
Proposal 1: The coverage improvement of PUSCH should be the most essential part of the study.
Proposal 2: The enhancement of PUCCH format 3, Msg.3, and PDSCH could be considered as the second priority for FR1 coverage enhancement.
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