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1	Introduction
It was agreed in RAN4#85 to add [] for certain LTE re-farming bands [1] allowing companies to analyse if the NF used in REFSENS could be redefined for certain bands in NR. NF assumption for these bands in LTE is based on old agreements from WCDMA era where duplexer performance was significantly worse than currently.

This contribution provides our proposal for n71 REFSENS.

2	Discussion
B71 NF is 11.8dB assuming 2.5dB IM. During WCDMA/LTE Rel8 times, the duplexer TX and RX isolation performance was inferior to current duplexers. In this contribution, we show analysis for n71 REFSENS assuming realistic NF and calculate the impact of TX noise on top of that. The most straightforward way, which would also lead into better REFSENS would be just to compare duplexer IL’s. In this case our estimate for n71 NF would be roughly 10.2dB. However, instead of this we will account the impact of TX noise and calculate REFSENS that way. We recognize that even some low bands have TX and especially RX isolations well above 55dB mitigating the impact of TX noise into almost negligible level, this is not the case for n71 which has about 55dB TX and 50dB RX isolation.

Terms IM and NF have caused a lot of discussion recently. There have been plenty of different interpretations what is included in each of them. For instance, whether the contribution of TX noise entirely in NF or whether some of it is in IM and so forth. This contribution respects the agreement in [1] that IM=2.5dB

We begin by investigating the NF/IM contents for B1. The reason for choosing B1 is that it was effectively the first LTE band where NF=9dB and IM=2.5dB. In many RAN4 contributions over the years RFIC NF has been 5dB and RF FE NF has been 4dB, which makes 9dB in total. Furthermore, we assumed RFIC NF includes the impact of correlated TX noise, allowing 2.5dB IM to be allocated for other impairments. With these assumptions and the fact that B1 REFSENS is based on 9dB NF and 2.5dB IM, we were able to calculate that the RFIC NF for B1 excluding the impact of TX noise is 4dB±0,1dB for 5, 10, 15, and 20MHz BW’s.  In other words, the impact of correlated TX noise for B1 RFIC is 1dB. 

We assume RFIC NF for a lower frequency band similarly excluding impacts of TX noise is not at least higher. To be safe we assume RFIC NF for a low band excluding any TX noise impacts is 4dB.

Our assumptions for B71 are as follows.
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Table 1 B71 (LTE) REFSENS assumptions

In our analysis, we added 2.5dB IM on top of 4dB RFIC NF and then we calculated the resulting REFSENS assuming TX noise is correlated. With these assumptions and 1dB MPR the B71 REFSENS would look as follows. Please note that as we are not proposing to redefine B71 (LTE) REFSENS the table 2 below is just for reference.
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Table 2 B71 REFSENS with assumptions in table 1

It was agreed in [2] that for below 1GHz, 15kHz and 30kHz SCS are mandatory. Hence REFSENS needs to be defined for both 15kHz and 30kHz SCS in Rel15. In current version of the specification, requirements for n71 REFSENS with 30kHz SCS and respective UL allocations are FFS. UL allocation for 30kHz SCS can be derived from the values agreed for 15kHz SCS. For 5MHz BW the maximum number of RB’s is 11 and hence the UL allocation for 5MHz is 11. For 10MHz, 15MHz, and 20MHz 30kHz we propose reusing UL transmission BW that was used for 15kHz SCS, which results as the following UL allocations:

	NR Band / SCS / Channel bandwidth / Duplex mode

	NR Band
	SCS
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	n71
	30kHz
	11
	12 1
	10 1
	10 1
	FDD

	NOTE 1:	1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth


Table 3 Proposed n71 UL allocation for 30kHz SCS

For n71, different spectrum utilization and consequential higher TX noise are accounted. According to [3], the TX noise is 2.3dB higher for 15Mhz and 20MHz BW’s for 15kHz SCS. Even the SU is slightly smaller for 30kHz we use the same 2.3dB for 30kHz SCS as well.

Spectrum utilization according to TS 38.101-1 is listed below.

	Channel BW 
	5 MHz
	10 MHz
	15 MHz
	20MHz

	SU for 15kHs SCS [%]
	90
	93.6
	94.8
	95.4

	NR transmission BW for 15kHz SCS [MHz]
	4.5
	9.36
	14.22
	19.08

	SU for 30kHs SCS [%]
	79.2
	86.4
	91.2
	91.8

	NR transmission BW for 30kHz SCS [MHz]
	3.96
	8.64
	13.68
	18.36


Table 4 15kHz and 30kHz Spectrum Utilization

Finally, the proposed n71 REFSENS is as follows for 15kHz and 30kHz SCS.
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Table 5 Proposed n71 REFSENS

NF can be calculated from the proposed REFSENS values. With 2.5dB IM, the NF for 5MHz is 11.2dB for 5MHz, 11.1dB for 10MHz BW, 11.9dB for 15MHz BW, and 15.7dB for 20MHz BW. We note that the TX noise increases the NF for 15MHz BW and especially for the 20MHz BW.


3	Conclusions
n71 REFSENS was calculated based on the actual impact of TX noise. Draft CR can be found in [4]
Proposal1: n71 REFSENS shall be as follows.
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Proposal2: n71 UL allocation for REFSENS with 30kHz SCS shall be as follows.

	NR Band / SCS / Channel bandwidth / Duplex mode

	NR Band
	SCS
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	n71
	30kHz
	11
	12 1
	10 1
	10 1
	FDD

	NOTE 1:	1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth



4	References
[1] R4-1714451, “REFSENS FR1 re-farmed bands”, Ericsson, RAN4#85
[2] R4-1710047, “WF on support of sub-carrier spacing”, Huawei, RAN4#AH3
[3] R4-1714030, “n71 UE REFSENS Evaluation and Proposal for TX Configuration”, Skyworks Solutions Inc, RAN4#85
[4] R4-1800709, “Draft CR: n71 REFSENS”, Dish network, RAN4#AH-1801
image3.emf



SCS 5MHz 10MHz 15MHz 20MHz
15kHz -97,8 -94,7 -92,1 -87
30kHz -98,3 -95 -92,2 -87,1



n71	REFSENS










SCS 5MHz 10MHz 15MHz 20MHz

15kHz -97,8 -94,7 -92,1 -87

30kHz -98,3 -95 -92,2 -87,1

n71	REFSENS


image4.emf



SCS 5MHz 10MHz 15MHz 20MHz
15kHz -97,8 -94,7 -92,1 -87
30kHz -98,3 -95 -92,2 -87,1



n71	REFSENS










SCS 5MHz 10MHz 15MHz 20MHz

15kHz -97,8 -94,7 -92,1 -87

30kHz -98,3 -95 -92,2 -87,1

n71	REFSENS


image1.emf



RFIC	NF	excluding	TX	noise 4dB
RF	RX	FE	LOSS 5dB
RF	RX	FE	LOSS 5.2dB
TX	iso 55dB
RX	iso 50dB
Diversity	filter	attenuation	at	TX 40dB
RX	IP2 50dB
5MHz	PA	noise	at	RX 	-130dBm/Hz
10MHz	PA	noise	at	RX 	-128dBm/Hz
15MHz	PA	noise	at	RX 	-121.2dBm/Hz
20MHz	PA	noise	at	RX 	-112.4dBm/Hz
RFIC	TX	phase	noise 	-150dBc/Hz
RFIC	RX	phase	noise 	-150dBc/Hz
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