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1 Introduction
When specifying Rx requirements for NR, one important topic to address is the definition of the Fixed Reference Channels and determine SNR at 95% throughput. 

In last RAN4#85 meeting, a Way Forward [2] was agreed specifying further the selected FRCs and simulation assumptions to determine SNR values. Later, further emails discussion better clarified assumptions and confirmed TBS values considering latest RAN1 agreements. This contribution recaps agreed simulation assumptions and provides associated simulation results for REFSENS FR1 FRCs.
2 Discussion 
2.1 Simulation assumptions
2.1.1 General
Following simulation assumptions were agreed in RAN4#85 ([2]). Associated TBS have been calculated based on the latest RAN1 agreements and confirmed via emails ([3]).
	
	G-FR1-A1-1
	G-FR1-A1-2
	G-FR1-A1-3
	G-FR1-A1-4
	G-FR1-A1-5
	G-FR1-A1-6

	CBW(MHz)
	5
	5
	10
	20
	20
	20

	SCS (kHz)
	15
	30
	60
	15
	30
	60

	Symbol type
	CP-OFDM
	CP-OFDM
	CP-OFDM
	CP-OFDM
	CP-OFDM
	CP-OFDM

	#RBs
	25
	11
	11
	106
	51
	24

	Modulation order
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code Rate (target)
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	TBS
	2408
	1064
	1064
	10248
	4864
	2408

	TB CRC 
	16
	16
	16
	24
	24
	16

	#CBs
	1
	1
	1
	2
	1
	1

	CB size
	2424
	1080
	1080
	5184
	4888
	2424

	CB CRC
	-
	-
	-
	24
	-
	-

	Base Graph Type
	2
	2
	2
	1
	2
	2


Table 1: REFSENS FR1 FRCs
No HARQ scheme will be used. 
2.1.2 DMRS

Following DMRS pattern has been considered: front loaded + 1 (2 DMRS symbols per slot).
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Figure 1: Selected DMRS pattern
No FDM, the REs (in grey in Figure 1) corresponding to DMRS position but without DMRS symbol are not used to send data.
2.1.3 PTRS

No PTRS is used for FR1 FRCs.

2.2 Simulation results

Following Figure 2 shows simulation results for REFSENS FR1 RFCs.

Note that values are ideal results considering realistic channel estimation. 
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Figure 2: SNR vs Normalized Throughput - FR1 - REFSENS FRCs
Corresponding SNR values at 95% throughput are captured in following Table 2.

	FRCs
	CBW (MHz)
	#PRBs
	SCS (kHz)
	SNR at 95% throughput (dB)
	Effective coding rate

	G-FR1-A1-1
	5
	25
	15
	-0.6
	0.3367

	G-FR1-A1-2
	5
	11
	30
	-0.3
	0.3409

	G-FR1-A1-3
	10
	11
	60
	-0.3
	0.3409

	G-FR1-A1-4
	20
	106
	15
	-0.5
	0.3381

	G-FR1-A1-5
	20
	51
	30
	-0.6
	0.3328

	G-FR1-A1-6
	20
	24
	60
	-0.4
	0.3507


Table 2: SNR values at 95% throughput for REFSENS FR1 FRCs
Looking at the results, SNR values are still slightly high comparing to the -1dB SNR target (E-UTRA SNR value for 5 MHz CBW). This means that, when comparing E-UTRA REFSENS (-101.5dB) with NR REFSENS (-101.1dB) for 5 MHz and 15kHz SCS, one might have first impression that NR performance is slightly worse. Of course, looking further at FRCs and comparing respective TBS, NR TBS (2408 bits) is higher than E-UTRA TBS (2216 bits), this would explain partly for the SNR difference. 
Also, LTE targeted coding rate was 1/3, but it’s actually (2216+24)/(2*12*12*25)=0.317. Some early NR simulations with this same actual code rate (using then a TBS=2280), would give a SNR value at 95% throughput of -0.8 dB (to be further confirmed). By getting such close value, adjusting coding rate for 5 MHz 15 kHz SCS, it might be easier to align LTE and NR REFSENS. 

Also, if we might still want to further improve the NR SNR value, it would still be possible to increase number of DMRS symbols (e.g. by selecting frontloaded+1+1 instead of frontloaded+1). Some preliminary simulation results showed up we would even not reach the -1dB SNR target.  Moreover, that would also mean mandating this DMRS pattern support for all BS. However, such DMRS pattern is supposed to be mostly used for high speed scenario, so it’s not obvious all NSA NR BS would support it.
3 Conclusion
In this contribution, based on the simulations assumptions agreed in RAN4#85 and via email afterwards, we provided results for SNR value at 95% thoughput for REFSENS FR1 FRCs.
Proposal 1: Approve SNR values in Table 2 for REFSENS FR1 FRCs.

Proposal 2: Discuss and evaluate further the need to align LTE REFSENS for 5 MHz CBW and NR REFSENS for 5 MHz CBW and 15 kHz SCS.
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