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Motivation
In RAN#86, NR coverage enhancement was identified as one RAN work area for Rel-17 [1]. The SI requires to identify the performance targets for coverage enhancement, and study the potential solutions for coverage enhancements for the identified scenarios and services
· The target channels include at least PUSCH/PUCCH 
· Study enhanced solutions, e.g., time domain/frequency domain/DM-RS enhancement (including DM-RS-less transmissions)
· Study additional enhanced solutions for FR2, if any
· Evaluate the performance of the potential solutions based on link level simulations.
In RAN1#101e, several agreements were made regarding the parameters to be used for baseline evaluations of the Rel-15/16 5G NR to identify the bottleneck channels so that necessary enhancements could be identified for Rel-17 [2]. In this contribution, we give the baseline evaluations for the UL PUSCH channel and make several observations regarding the same. In our companion contributions [3], [4], we propose way forwards to fix the coverage performance of the UL channels. 
Baseline Evaluations for Coverage Enhancement
We consider the eMBB and VOIP settings as per the agreements in [2]. We present link budget results, predominantly in the rural settings. MCL is used as the metric for our analysis. For the MCL Template, we used the MCL template from 36.824. These are based on link level simulations.  
VOIP evaluations
The following simulation criteria is considered in our analysis
Table 1: Simulation settings for VOIP
	Parameter
	Value

	Frequency
	4 GHz (TDD)

	Frame structure for TDD
	DDDSU only for 4GHz; No scheduling for UL in S slot. 

	BWP
	100MHz

	SCS
	30 kHz

	Channel Model
	TDL-D, 30ns (valid for Rural)

	UE velocity
	3 kmph

	Frequency Hopping
	No

	Waveform
	DFT-s-OFDM

	BLER
	2% rBLER

	HARQ
	Yes

	UE Tx
	1

	gNB Rx
	2

	Number of TxRUs for gNB
	2 receive chains simulated in LLS

	DMRS configuration
	2 symbols, no multiplexing with data. 3rd and 12th OFDM symbols. Type-I

	TBS size
	Chosen to achieve various data rates as shown in results (128, 176, 352)

	Repetition
	Yes, 4 repetitions, across slots

	PUSCH duration	
	14 OS

	PUSCH 
	Mapping type-A

	Modulation
	QPSK
Table 6.1.4.1-1: MCS index table for PUSCH with transform precoding and 64QAM 38.214
MCS chosen to achieve the required target data rates

	Channel Estimation
	Ideal



For the VOIP simulations, we generate 1 new transport block (TB) every 20ms and drop it at the end of 20ms if it is not delivered. The TDD frame structure has 8 UL slots in 20ms time frame which are used for the transmission of the voice packets. The link level performance is shown below. 
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Figure: Link Level Performance for MCS0 (left) and MCS4 (right) with the simulation settings in Table-1
The SINR to achieve 2% rBLER from these results is used in the MCL calculations in Table 2. 
Table 2: MCL for VOIP with different data rate requirements (these rates map to different codecs)
	Physical channel name
	Values 
(16 kbps)
	Values 
(8 Kbps)
	Values 
(6 kbps)

	Transmitter
	
	
	

	(1) Tx power (dBm)
	23
	23
	23

	Receiver
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174

	(3) Receiver noise figure (dB)            (value is 5 for eNB and 9 for UE)
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	1440000
	1440000
	1440000

	(6) Effective noise power                                 = (2) + (3) + (4) + 10 log(5)  (dBm)
	-107.42
	-107.42
	-107.42

	(7) Required SINR (dB)
	-9.8
	-13.1
	-14.45

	(8) Receiver sensitivity = (6)+(7) dBm
	-117.22
	-120.52
	-121.87

	(9) MCL = (1) - (8) (dB)
	140.22
	143.52
	144.87



Observations
At -14.45 dB SINR, we achieved 6 kbps data rate. One way to improve the data rate is to improve the transmission power and also by employing low PAPR waveforms such as pi/2 BPSK. Specifically, we should evaluate the performance of pi/2 BPSK with power boosting up to 29 dBm for TDD formats to enhance the coverage performance and cell edge data rates. 
eMBB evaluations
The following simulation criteria is considered in our analysis
Table 3: Simulation settings for eMBB
	Parameter
	Value

	Frequency
	4 GHz (TDD)

	Frame structure for TDD
	DDDSU only for 4GHz; No scheduling for UL in S slot.

	BWP
	100MHz

	SCS
	30 kHz

	Channel Model
	TDL-D, 30ns (valid for Rural)

	UE velocity
	3 kmph

	Frequency Hopping
	No

	Waveform
	DFT-s-OFDM

	BLER
	10% iBLER

	HARQ
	No

	Repetition
	No

	UE Tx
	1

	gNB Rx
	2

	Number of TxRUs for gNB
	2 receive chains simulated in LLS

	DMRS configuration
	2 symbols, no multiplexing with data. 3rd and 12th OFDM symbols. Type-I

	TBS size
	Chosen to achieve close to 30Kbps and 100Kbps (80 bits and 288 bits)

	PUSCH duration	
	14 OS

	PUSCH
	Mapping type A

	Modulation
	QPSK, 
Table 6.1.4.1-1: MCS index table for PUSCH with transform precoding and 64QAM 38.214
MCS chosen to achieve the necessary target data rates of 30 and 100Kbps

	Channel Estimation
	Ideal



For the eMBB simulations, we generate 1 new transport block (TB) every UL slot of the DDDSU frame structure. We have not considered HARQ and repetitions for this analysis. The link level performance results are shown below. The simulations have been done assuming an FDD system. 
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Figure: Link Level Performance for 1 PRB (left) and 4 PRB (right) with simulation settings in Table-3
The SINR to achieve 10% iBLER from these results is used in the MCL calculations in Table 4. 
Table 4: MCL for eMBB to achieve 30 kbps and 100 kbps
	Physical channel name
	Value
(30 kbps)
	Value
(100 kbps)

	Transmitter
	
	

	(1) Tx power  (dBm)
	23
	23

	Receiver
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174

	(3) Receiver noise figure (dB)                  (value is 5 for eNB and 9 for UE)
	5
	5

	(4) Interference margin (dB)
	0
	0

	(5) Occupied channel bandwidth (Hz)
	360000
	1440000

	(6) Effective noise power                                 = (2) + (3) + (4) + 10 log(5)  (dBm)
	-113.44
	-107.42

	(7) Required SINR (dB)
	-1.45
	-3.01

	(8) Receiver sensitivity = (6)+(7) dBm
	-114.89
	-110.43

	(9) MCL = (1) - (8) (dB)
	137.89
	133.43



Observations
At -3 dB SINR, we achieved 100 kbps data rate. Similar to VOIP, power boosting based on the TDD frame structure and modulation type can provide the necessary gains in MCL. Specifically, we should evaluate the performance of pi/2 BPSK with power boosting up to 29 dBm for TDD formats to enhance the coverage performance and cell edge data rates. 
We also present several enhancements in [3] and [4] that could be explored for coverage improvements in NR. 
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