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1 Introduction

In this contribution, the consideration and evaluation on link budget are provided.
According to Report ITU-R M.2411, the proponent of IMT-2020 should provide link budget template to ITU-R as one of the submission templates to complete Step 3 of IMT-2020 evaluation and submission process. The study of self evaluation of IMT-2020 therefore includes link budget as one of its objectives.
In this contribution, we discuss some important aspects of link budget evaluation.

2 Link budget template 
The link budget template is provided in Section 5.2.3.3 in Report ITU-R M.2411. Complete table is provided for proponent to fill in the information. The downlink and uplink physical channel link budgets are to be provided. 

In this contribution, the considerations on link budget are provided.
3 Discussions
3.1 Consideration on focusing scenarios and configuration
For 3GPP’s update submission in September 2018, it is considered to focus on a subset of evaluation configurations and technical features. This could facilitate the preparation of the template information. More results can be derived before final submission in June 2019. The proposed focused evaluation configuration is shown in Table 1.
Table 1 Focused evaluation configuration

	
	Indoor hotspot – eMBB
	Dense Urban – eMBB
	Rural – eMBB
	Urban Macro – mMTC
	Urban Macro – URLLC

	System configuration
	NR 4 GHz TDD
	NR 4 GHz TDD
	NR 700 MHz FDD
LTE 700 MHz FDD
	NB-IoT/eMTC 700 MHz FDD
	NR 700 MHz FDD

	Physical channel
	DL: PDCCH, PDSCH

UL: PUCCH, PUSCH
	DL: PDCCH, PDSCH

UL: PUCCH, PUSCH
	DL: PDCCH, PDSCH

UL: PUCCH, PUSCH
	DL: PDCCH, PDSCH

UL: PUCCH/PUSCH F2, PUSCH
	DL: PDCCH -> PDSCH -> PUCCH

UL: PUSCH -> PDCCH

	Channel state
	NLOS, LOS
	NLOS, NLOS O-to-I, LOS
	NLOS, NLOS O-to-I, LOS
	NLOS, NLOS O-to-I, LOS
	NLOS, NLOS O-to-I, LOS

	Channel model
	LOS: TDL-iv

NLOS: TDL-i
	NLOS: TDL-iii

LOS: TDL-v
	NLOS: TDL-iii

LOS: TDL-v
	NLOS: TDL-iii

LOS: TDL-v
	NLOS: TDL-iii

LOS: TDL-v

	
	Delay spread, angular spread is to be scaled to SLS model.

	SCS
	TDD: 30 kHz
	TDD: 30 kHz
	700 MHz FDD: 15 kHz
	15kHz
	700 MHz FDD: 30 kHz

	UE speed
	LOS/NLOS: 3km/h
	LOS: 30km/h

NLOS: 30km/h

NLOS O-to-I: 3km/h (for link level simulation, use TDL-iii channel model)
	LOS: 120km/h

NLOS: 120km/h

NLOS O-to-I: 3km/h
	LOS/NLOS/NLOS O-to-I: 3km/h
	LOS/NLOS: 30km/h

NLOS O-to-I: 3km/h


3.2 Consideration on eMBB link budget evaluation
For eMBB evaluation, the target transmission bit rate, occupied bandwidth, and antenna configuration needs to be considered, which have impact on the link level simulation that derives the required SINR. In addition, the Feeder loss, Cable loss, Receiver interference density, etc. can follow the value used in IMT-Advanced evaluation. 
The consideration is listed in Table 2.

Specifically, the target transmission bit rates of DL and UL data channel is set to three times than those in IMT-Advanced. This is under the consideration that the spectral efficiency of IMT-2020 is three times compared to IMT-Advanced.
In terms of transmitter array gain from Table 2, there are two options. Option 1 simplifies the link level simulation while providing flexible antenna configuration support. So in the evaluation, option 1 is used.
Another note is that receive array gain needs to be taken into account in the link budget evaluation. This is because in NR, multiple receive antennas are supported. Therefore receive array gain would contribute to link budget. This item is not included in ITU template, but it is proposed to be added in 3GPP evaluation.
Table 2 eMBB link budget evalution
	
	DL control channel
	DL data channel
	UL control channel
	UL data channel

	Transmission bit rate (bit/s)
	NR PDCCH: DCI format 1-0; DCI size = 64 bit; QPSK, aggregation level = 16 CCE
	For DU/Rural: 6 Mbps? (~3x IMT-A)
	NR PUCCH: Format 1 (long PUCCH with 14 OFDM symbols), 1 bit
	For DU/Rural: 0.6 Mbps? (~3x IMT-A)

	
	700 MHz
	4 GHz
	700 MHz
	4 GHz
	700 MHz
	4 GHz
	700 MHz
	4 GHz

	Number of transmit antennas
	64
	128
	64
	128
	1
	2
	1
	2

	Number of TXU
	8
	32
	8
	32
	1
	2
	1
	2

	Number of receive antennas
	2
	4
	2
	4
	64
	128
	64
	128

	Number of RXU
	2
	4
	2
	4
	8
	32
	8
	32

	Transmitter array gain
	10*log10(N_tx_antenna/2)
	Option 1: 10*log10(N_tx_antenna/2)

Option 2: 10*log10(N_tx_antenna/N_TXU) 
	0
	Same options as DL data channel

	Receive array gain (This is not included in ITU template!)
	10*log10(N_rx_antenna/2)
	Option 1: 10*log10(N_rx_antenna/2)
Option 2: 10*log10(N_rx_antenna/N_RXU) 
	Option 1: 10*log10(N_rx_antenna/2)

Option 2: 10*log10(N_rx_antenna/N_RXU) 
	Same options as DL data channel

	Required SINR via link level simulation
	Conduct link level simulation with a 2x2 system; link level simulation provides a 2x1 precoder for NR PDCCH.
	For Option 1: Conduct link level simulation with a 2x2 system

For Option 2: Conduct link level simulation with a N_TXUxN_RXU system 
	For Option 1: Conduct link level simulation with a 2x2 or 1x2 system

For Option 2: Conduct link level simulation with a 2xN_RXU or 1xN_RXU system 
	Same options as DL data channel

	Occupied channel bandwidth
	FDD: 10 MHz

TDD: 20 MHz
	FDD: 10 MHz

TDD: 20 MHz
	1 PRB
	4 PRB

	Feeder loss, Cable loss, Receiver interference density
	Follow 3GPP’s ITU submission for IMT-Advanced

	Penetration margin 
	For O-to-I: outdoor-to-indoor penetration loss model is used.  

· Channel model A and B are different. High penetration is considered for Channel model B.
For LOS/NLOS (O-to-O): in-car penetration loss model is used.


3.3 Consideration on mMTC link budget evaluation
For mMTC link budget, similar items as eMBB are highlighted. For the target data rate, it is noted that 160bps transmission bit rate is required based on TR38.913. Therefore this value is used as starting point for UL evaluation. For DL, a higher bit rate can be considered due to the larger bandwidth. Other considerations are given in Table 3.
Table 3 mMTC link budget evalution

	
	DL control channel
	DL data channel
	UL control channel
	UL data channel

	Transmission bit rate (bit/s)
	NB-IoT: NPDCCH

eMTC: PDCCH
	160bps
	NPUSCH Format 2, PUCCH, PRACH
	160bps

	
	700 MHz
	700 MHz
	700 MHz
	700 MHz

	Number of transmit antennas
	16
	16
	1
	1

	Number of TXU
	2
	2
	1
	1

	Number of receive antennas
	1
	1
	16
	16

	Number of RXU
	1
	1
	2
	2

	Transmitter array gain
	9
	9
	0
	0

	Receive array gain (This is not included in ITU template!)
	0
	0
	9
	9

	Required SINR via link level simulation
	Conduct link level simulation with a 2x1 system; 

In link level simulation, use the MCS corresponding to the transmission format, and employ the number of repetitions that achieves the target BLER
	Conduct link level simulation with a 2x1 system; 

In link level simulation, use the lowest MCS and employ the number of repetitions that achieves the target data rate with target BLER
	Conduct link level simulation with a 1x2 system; 

In link level simulation, use the MCS corresponding to the transmission format, and employ the number of repetitions that achieves the target BLER
	Conduct link level simulation with a 1x2 system

In link level simulation, use the lowest MCS and employ the number of repetitions that achieves the target data rate with target BLER

	Occupied channel bandwidth
	NB-IoT: 1 RB

eMTC: 6 RBs
	NB-IoT: 1 RB

eMTC: 1 RB
	PRACH: 1 sub-carrier (for NB-IoT); 6 RB (for eMTC)
NPUSCH Format 2: 1 sub-carrier

PUCCH: 1 RB
	NB-IoT: 1 SCS (15kHz)

eMTC: 1 RB

	Feeder loss, Cable loss, Receiver interference density
	Follow 3GPP’s ITU submission for IMT-Advanced

	Penetration margin 
	For O-to-I: outdoor-to-indoor penetration loss model is used.  

· Channel model A and B are different. High penetration is considered for Channel model B.
For LOS/NLOS (O-to-O): in-car penetration loss model is used.


3.4 Consideration on URLLC link budget evaluation
Similarly, the items as shown in Table 4 are highlighted for URLLC. It is noted that the transmission bit rate requirements for DL and UL data channels are based on that 32 bytes are transmitted in 1ms. So 256kbps is derived. And the target packet error rate requirement comes from the requirement of 99.999% reliability.
The bandwidths of DL control channel, DL data channel and UL data channel are determined by the packet size and the selected MCS.
Table 4 URLLC link budget evaluation

	
	DL control channel
	DL data channel
	UL control channel
	UL data channel

	Transmission bit rate (bit/s)
	NR PDCCH: DCI format 1-0; DCI size = 64 bit; QPSK, aggregation level = 16 CCE
	256kbps
	NR PUCCH: Format 0 (short PUCCH with 2 OFDM symbols), 1 bit
	256kbps

	Target packet error rate
	0.001%
	0.001%

(NOTE: This target can be achieved by several repetitions)
	0.001%
	0.001%

(NOTE: This target can be achieved by several repetitions)

	
	700 MHz
	700 MHz
	700 MHz
	700 MHz

	Number of transmit antennas
	64
	64
	1
	1

	Number of TXU
	8
	8
	1
	1

	Number of receive antennas
	2
	2
	64
	64

	Number of RXU
	2
	2
	8
	8

	Transmitter array gain
	Follow option 1 for eMBB
	Follow option 1 for eMBB
	0
	0

	Receive array gain (This is not included in ITU template!)
	0
	0
	Follow option 1 for eMBB
	Follow option 1 for eMBB

	Required SINR via link level simulation
	Conduct link level simulation with a 2x2 system;

In link level simulation, select the appropriate MCS that achieves target BLER for control.
	Conduct link level simulation with a 2x2 system;

In link level simulation, select the number of repetition within 1ms, and the appropriate MCS that achieves target data rate = 32byte / 1ms and the target BLER.
	Conduct link level simulation with a 1x2 system;

In link level simulation, select the appropriate MCS that achieves target BLER for control.
	Conduct link level simulation with a 1x2 system;

In link level simulation, select the number of repetition within 1ms, and the appropriate MCS that achieves target data rate = 32byte / 1ms and the target BLER.

	Occupied channel bandwidth
	TBD
	TBD
	1 RB
	TBD

	Feeder loss, Cable loss, Receiver interference density
	Follow 3GPP’s ITU submission for IMT-Advanced

	Penetration margin 
	For O-to-I: outdoor-to-indoor penetration loss model is used.  

· Channel model A and B are different. High penetration is considered for Channel model B.
For LOS/NLOS (O-to-O): in-car penetration loss model is used.


3.5 Consideration of beam management

As mentioned in [2], beam management is introduced in NR design. It is a mechanism for massive MIMO system that achieves wide area coverage by employing and sweeping the directional narrow analog beams.
In this case, the impact of beam management on transmit array gain and receive array gain needs to be considered. This mechanism is usually adopted for higher frequency band. Considering that the proposed focusing scenario is primarily on below 6 GHz, it is therefore not urgent to develop this model towards 3GPP’s updated submission in September.

4 Conclusions
In this contribution, the consideration and evaluation results on link budget are provided. 
Proposal: It is proposed to take into account the above considerations in the link budget evaluation.
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