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1 [bookmark: _Ref521334010]Introduction
At RAN#86 meeting, a new Rel-17 SI on NR coverage enhancement was approved [1]. One of the objective of this study item is to identify baseline coverage performance for both DL and UL for the target scenarios and services based on link-level simulation:
· UL channels (including PUSCH and PUCCH) are prioritized for FR1.
· Both DL and UL channels for FR2.
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 service for FR1.
· eMBB service as first priority and VoIP as second priority for FR2.
· LPWA services and scenarios are not included.
In this contribution, we provide our initial considerations on baseline performance and simulation assumptions of coverage enhancement for FR1.
2 Discussions
2.1 The baseline performance for FR1
The baseline performance in FR1 can be defined as the MCL (Maximum Coupling Loss) from the link budget evaluation based on the given target data rate [3]. The related target data rates for downlink in Urban and Rural scenarios are provided in Table 1 according to the Rel-17 SID on NR coverage enhancement [1]. Accordingly, the target performance is the MPL (Maximum Path Loss) at the cell edge corresponding to the target ISD also shown in table 1 which reuses the assumptions in ITU [2].
[bookmark: _Ref40112735]Table 1: the target data rate and ISD requirements for different scenarios
	Frequency band
	Scenarios
	Duplexing scheme
	Service
	Target data rate
	Target ISD

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

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


Proposal 1: The baseline performance is the MCL from link budget evaluation based on target data rate.
Proposal 2: The target performance is the MPL at the cell edge corresponding to the target ISD.

2.2 LLS Simulation assumptions 
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]To identify the bottleneck performance, we provide the detailed link level simulation assumptions to in order to obtain the required SNR corresponding to different scenarios. As a starting point, typical simulation assumptions as in Table 2 - Table 5 can be assumed for PUSCH/PUCCH/PDCCH/PDSCH on FR1.
[bookmark: _Ref40251820]Table 2: LLS assumptions for PDCCH on FR1
	Parameters
	Values

	Scenarios
	Urban 
	Rural
	Rural with long distance

	System Bandwidth
	20MHz
	20MHz
	20MHz

	Carrier
	4G
	4GHz TDD/
2GHz FDD
	700MHz

	SCS
	30KHz
	30KHz for TDD
15KHz for FDD
	15KHz 

	Antenna configuration
	2T2R
	2T2R
	2T2R

	Payload size (include 24 bits CRC)
	64bits
	64bits
	64bits

	AL
	16
	16
	16

	Length of PDCCH
	2OS
	2OS
	2OS

	Channel Coding
	POLAR
	POLAR
	POLAR

	Channel Model
	TDL-C, 240ns for NLOS O2I 
	TDL-C, 37ns for NLOS O2O
TDL-C, 34ns for NLOS O2I 
	TDL-D, 300ns

	UE Mobility
	3km/h
	3km/h ，120 km/h
	120 km/h

	Channel estimation
	True
	True
	True

	Target BLER
	10^-2
	10^-2
	10^-2


[bookmark: _Ref40251828]Table 3: LLS assumptions for PDSCH on FR1
	Parameters
	Values

	Scenarios
	Urban 
	Rural
	Rural with long distance

	System Bandwidth
	20MHz
	20MHz
	20MHz

	Waveform
	CP-OFDM
	CP-OFDM
	CP-OFDM

	Carrier
	4G
	4GHz TDD/
2GHz FDD
	700MHz

	SCS
	30KHz
	30KHz for TDD
15KHz for FDD
	15KHz 

	Antenna configuration
	2T2R
	2T2R
	2T2R

	Length of TTI
	14 OS
	14 OS
	14 OS

	length of PDCCH
	3 OS
	3 OS
	3 OS

	Length of DMRS
	1 OS
	1 OS
	1 OS

	Occupied channel bandwidth
	51PRBs
	51 PRBs for 30KHz SCS
106 PRBs for 15KHz
	106 PRBs

	MCS [Note1] 
	CR=602/1024,QPSK for eMBB
CR=30/1024,QPSK for VOIP
	For FDD 2GHz:
CR=40/1024,QPSK for eMBB 
CR=30/1024,QPSK for VOIP

For TDD 4GHz:
CR=64/1024,QPSK for eMBB CR=30/1024,QPSK for VOIP
	CR=40/1024,QPSK for eMBB 
CR=30/1024,QPSK for VOIP

	Channel Coding
	LDPC
	LDPC
	LDPC

	Channel Model
	TDL-C, 240ns for NLOS O2I
	TDL-C, 37ns for NLOS O2O
TDL-C, 34ns for NLOS O2I
	TDL-D, 300ns 

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

	Channel estimation
	True
	True
	True

	Target BLER
	10^-1
	10^-1
	10^-1

	Maximum number of transmission
	1 (No HARQ)
	1 (No HARQ)
	1 (No HARQ)

	UL DL configuration if TDD is assumed
	DDDSUDDSUU
	DDDSUDDSUU
	FDD for 700Mhz

	Note 1: MCS index is calculated by the target data rate and the available resource for PDSCH excluding the PDCCH and DMRS resource. MCS table 3 is used.


[bookmark: _Ref40251814][bookmark: _Ref40112868]Table 4: LLS assumptions for PUCCH on FR1
	Parameters
	Values

	Scenario
	Urban
	Rural
	Rural with long distance

	Duplexing scheme and carrier frequency
	4GHz
	TDD for 4GHz
FDD for 2GHz
	700MHz

	Format type 
	Format 1 (long PUCCH with 14 OFDM symbols), 1 bit
	Format 1 (long PUCCH with 14 OFDM symbols), 1 bit
	Format 1 (long PUCCH with 14 OFDM symbols), 1 bit

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

	Channel model
	TDL-C, 240ns for NLOS O2I 
	TDL-C, 37ns for NLOS O2O
TDL-C, 34ns for NLOS O2I 
	TDL-D, 300ns

	Occupied channel bandwidth
	1 PRB
	1 PRB
	1 PRB

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

	Antenna configuration
	1T2R
	1T2R
	1T2R

	Channel estimation:
	True
	True
	True

	Frequency hopping
	On
	On
	On

	PUCCH repetition
	Yes
	Yes
	Yes


[bookmark: _Ref40252133]Table 5: LLS assumptions for PUSCH on FR1
	Parameters
	Values

	Scenario
	Urban
	Rural
	Rural with long distance

	Duplexing scheme and carrier frequency
	TDD DDDSUDDSUU for 4GHz
	TDD DDDSUDDSUU for 4GHz
FDD for 2GHz
	FDD for 700MHz

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

	Channel model
	TDL-C, 240ns for NLOS O2I
	TDL-C, 37ns for NLOS O2O
TDL-C, 34ns for NLOS O2I
	[bookmark: OLE_LINK1]TDL-D, 300ns

	Occupied channel bandwidth
	30 PRBs for eMBB
4 PRBs for VoIP
	4 PRBs for eMBB
4 PRBs for VoIP
	4 PRBs for eMBB
4 PRBs for VoIP

	MCS [Note2]
	CR=193/1024, QPSK for eMBB;
CR=251/1024, QPSK for VoIP
	For FDD 2GHz:
CR=120/1024, QPSK for eMBB;
CR=251/1024, QPSK for VoIP
For TDD 4GHz:
CR=157/1024, QPSK for eMBB;
CR=251/1024, QPSK for VoIP
	CR=120/1024, QPSK for eMBB;
CR=251/1024, QPSK for VoIP

	PUSCH length
	14 OS
	14 OS
	14 OS

	DMRS length
	1 OS
	1 OS for 3km/h
2 OS for 120km/h
	2 OS

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

	Occupied channel bandwidth
	30 PRBs for eMBB
4 PRBs for VoIP
	4 PRBs for eMBB
4 PRBs for VoIP
	4 PRBs for eMBB
4 PRBs for VoIP

	Antenna configuration
	2T2R
	2T2R
	2T2R

	Channel coding
	LDPC
	LDPC
	LDPC

	Channel estimation:
	True
	True
	True

	Target BLER
	10^-1
	10^-1
	10^-1

	Maximum number of transmission
	1 (No HARQ)
	1 (No HARQ)
	1 (No HARQ)

	Note 2: The code rate and modulation order is calculated by the target data rate and the available resource for PUSCH excluding the DMRS resource. MCS table 1 is used.


Required SINR for PDSCH/ PDCCH/ PUSCH/ PUCCH in different scenarios can be obtained based on the above LLS assumptions. According to the required SINR, the baseline performance for each channel can be calculated via the link budget evaluation used in ITU[3].
Proposal 3: The parameters provided in Table 2 - Table 5 can be used as starting point for LLS. 
Furthermore, we think the following three issues are needed to be clarified in order to achieve a common understanding.
1) How to understand the target data rate
As an example in Table 3, the target BLER for PDSCH is 10^-1 and the data rate is 10Mbps for Urban scenario. There are two different understanding on the relationship between data rate and the BLER:
· Understanding 1: Target data rate is defined without considering BLER. It means the data rate would be the ideal one assuming there are not error blocks. Taking table 3 as an example where the data rate is 10 Mpbs, the TBS used in LLS will be determined by 10Mbps.
· Understanding 2: Target data rate is defined with considering BLER. It means the data rate is calculated only based on the blocks which are correctly received. Taking table 3 as an example where the data rate is 10 Mpbs, the TBS used in LLS will be determined by (10/0.9) Mbps.
2) Whether to define different target coverage for TDD and FDD separately
FDD can provide more resources for data transmission. In the other words, a smaller TBS can be achieved according to the same data rate compared to TDD. Hence the better coverage can be obtained in FDD system in theory if the same target data rate is assumed. 
3) How to understand the target data rate of VoIP
Currently, the data rate of VoIP is 12.2kps. However, as defined in [4], the 12.2kps is the data rate of voice bits without considering the headers. The header addition and round-up operations will result in a larger TBS which is delivered to physical layer. It is better to clarify how to calculate the TBS for VoIP in link level simulation. 
Proposal 4: Clarify the following issues for the common understanding:
· How to understand the target data rate 
· Whether to define different target coverage for TDD and FDD separately
· How to understand the target data rate of VoIP 
3 Conclusion
In this contribution, we provided our view on simulation assumptions for coverage enhancement for FR1 with the following proposals.
Proposal 1: The baseline performance is the MCL from link budget evaluation based on target data rate.
Proposal 2: The target performance is the MPL at the cell edge corresponding to the target ISD.
Proposal 3: The parameters provided in Table 2 - Table 5 can be used as starting point for LLS. 
Proposal 4: Clarify the following issues for the common understanding:
· How to understand the target data rate 
· Whether to define different target coverage for TDD and FDD separately
· How to understand the target data rate of VoIP 
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