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1
Introduction
This contribution presents our link simulation results for NR UE REFSENS SNR evaluations following the simulation assumptions agreed in [1]. The earlier RAN4 agreement on the simulation assumptions are captured in [2]. 
2
Discussion
In [1] it was agreed that REFSENS SNR analysis would at least be provided for the following CBW and SCS combinations
· Set 1: FR1, 10 MHz CBW + 15 kHz SCS (52 PRBs)
· Set 2: FR1, 50 MHz CBW + 30 kHz SCS (133 PRBs)
· Set 3: FR2, 50 MHz CBW + 60 kHz SCS (66 PRBs)
However, due to lack agreement on the transport block size for LDPC, and the fact that LTE transport block mapping does not work with 133 PRB allocations, we have focused our simulations to the Set 1 and Set 3 above. Additionally, we have simulated the optional cases for FR1 as given in [1]. 
	CBW, MHz
	5
	15
	20
	25
	40
	60
	80

	SCS (kHz)
	15
	15
	15
	30
	30
	60
	60

	Number of PRBs
	25
	79
	106
	65
	106
	79
	107


In Table 1 we have provided the simulation assumptions used in our NR UE REFSENS SNR simulations. The LDPC related parameters are provided in Table 2.
Table 1: Simulation assumptions for NR UE REFSENS SNR link simulations

	Parameter(s)
	Value(s)

	Carrier frequency
	4 GHz for FR1, 30GHz for FR2

	MIMO configuration
	SISO, rank-1

	Modulation 
	QPSK

	Channel coding
	LDPC 

	Code rate
	1/3

	Channel model
	AWGN

	Channel estimation
	Ideal, practical

	Number of DMRS symbols in practical channel estimation
	1,2

	DMRS configuration 
	DMRS configuration type 1
CBW=5MHz, symbol 3 for DL control channel

CBW>5MHz, symbol 2 for DL control channel

	Simulated sets
	Set 1: FR1, 10 MHz CBW + 15 kHz SCS (52 PRBs)
Set 3: FR2, 50 MHz CBW + 60 kHz SCS (66 PRBs)
The following optional sets: 
FR1, 5 MHz CBW + 15 kHz SCS (25 PRBs)

FR1, 15 MHz CBW + 15 kHz SCS (79 PRBs)

FR1, 20 MHz CBW + 15 kHz SCS (106 PRBs)

FR1, 25 MHz CBW + 30 kHz SCS (65 PRBs)
FR1, 40 MHz CBW + 30 kHz SCS (106 PRBs)

FR1, 60 MHz CBW + 60 kHz SCS (79 PRBs)

FR1, 80 MHz CBW + 60 kHz SCS (106 PRBs)


Table 2: LDPC parameters
	Parameter
	Value for CBW=5 MHz

	Value for CBW>5MHz

	Length of the TB CRC [bits]
	16
	24

	Length of the CB CRC [bits]
	24
	24


In Figure 1 we have presented BLER results for the three simulated sets; Set 1, Set 3 and the FR1 optional set of 5 MHz CBW + 15 kHz SCS (25 PRBs) both with ideal channel estimation and practical channel estimation with 1 DMRS symbol. In Figure 2 we present BLER simulation results for all the simulated cases with 2 DMRS symbols used in channel estimation. Considering that 2 DMRS symbols provide noticeable performance improvements compared to 1 DMRS in our view 2 DMRS symbols should be used in the UE RESENS SNR simulations assumptions and for setting UE REFSENS requirements. Also, originally in [3] RAN4 discussed that tentative SNR of -1 dB should be used for further NR UE RF REFSENS requirements discussion and while defining UE REFSENS FRC and related real SNR values. Furthermore, as we can see in Table 3 the SNR levels for 95% throughput when using 2 DMRS symbols with practical channel estimation provides close to -1 dB SNR in these three cases.
Proposal 1: Use 2 DMRS symbols instead of 1 DMRS symbol for UE RESENS SNR simulation assumptions and setting the UE requirements.
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Figure 1: BLER results with 1 DMRS symbol 
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Figure 2: BLER results with 2 DMRS symbols
Throughput results with practical channel estimations using 2 DMRS symbols are provided in Figure 3. 
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Figure 3: Throughput results with practical channel estimation using 2 DMRS symbols
Table 3 summarizes SNR levels for 95% throughput when using 2 DMRS symbols in channel estimation.. The results with practical channel estimation should be used for the UE REFSENS requirement setting as agreed in [1]. RAN4 should still discuss how much implementation margin for other imperfections should be added on top of these results. In LTE UE REFSENS simulations ideal channel estimation was used. Considering that in these NR UE REFSENS simulations it was agreed to use practical channel estimation instead of ideal channel estimation also remaining implementation margin should be smaller than in LTE. Thus, we see that roughly 1 dB additional baseband implementation margin could be used on top of the simulation results. 
Table 3: SNR levels for 95% throughput using 2 DMRS symbols in channel estimation
	Simulated set (Frequency Range)
CBW/SCS/PRBs


	SNR [dB] for 95% throughput

	
	Ideal channel estimation
	Practical channel estimation

	Mandatory Set 1 (FR1)

10/15/52
	-1.9
	-0.8

	Mandatory Set 3 (FR2)

50/60/66
	-1.7
	-0.8

	Optional set (FR1)

5/15/25
	-1.9
	-1

	Optional set (FR1)

15/15/79
	-1.6
	-0.8

	Optional set (FR1)

20/15/106
	-1.4
	-0.7

	Optional set (FR1)

25/30/65
	-1.6
	-0.8

	Optional set (FR1)

40/30/106
	-1.4
	-0.7

	Optional set (FR1)

60/60/79
	-1.6
	-0.8

	Optional set (FR1)

80/60/106
	-1.5
	-0.7


3
Conclusions 

In this contribution, we have presented our NR UE REFSENS simulations. Based on the results and earlier RAN4 discussions we propose the following
Proposal 1: Use 2 DMRS symbols instead of 1 DMRS symbol for UE RESENS SNR simulation assumptions and setting the UE requirements.

Additionally, the following simulation results for the SNR levels of 95% throughput when using practical channel estimations with 2 DMRS symbols should be taken into account when setting UE REFSENS requirements. RAN4 should still discuss how much additional implementation margin should be added on top of these results to cover other UE implementation imperfections but practical channel estimation. In our view roughly 1 dB additional baseband implementation margin could be considered since practical channel estimation is used in these NR UE REFSENS simulations compared to ideal channel estimation used in the LTE UE REFSENS simulations. 
	Simulated set (Frequency Range)

CBW/SCS/PRBs


	SNR [dB] for 95% throughput

	
	Practical channel estimation

	Mandatory Set 1 (FR1)

10/15/52
	-0.8

	Mandatory Set 3 (FR2)

50/60/66
	-0.8

	Optional set (FR1)

5/15/25
	-1

	Optional set (FR1)

15/15/79
	-0.8

	Optional set (FR1)

20/15/106
	-0.7

	Optional set (FR1)

25/30/65
	-0.8

	Optional set (FR1)

40/30/106
	-0.7

	Optional set (FR1)

60/60/79
	-0.8

	Optional set (FR1)

80/60/106
	-0.7
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