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1. Introduction
New NR-U band extends FR1 sub-6GHz frequency range up to 7125MHz has been proposed in Rel-16 WI. It was intensively discussed during RAN4#96-e [2]. The contribution continue the discussion for the new band
2. Discussion
In Rel-16, NR-U WI plans to specify an additional spectrum to achieve better UE implementation such as higher throughput, more users...etc. Besides how to introduce US only band in the release, there are more views w.r.t. the new band that need more discussion. Before the NR-U introduction, we normally do not see multiple 5GHz bands implemented on one UE thus it is intuitive to assume a dedicated antenna without band switch for the 5GHz range operation. However, with introducing NR-U bands, it is not practical to have individual antenna on every 5GHz range bands thus it needs band switch for selecting activated band. If without band select switch, there will be numerous antennas that would make UE have problem when these bands support four RX antenna implementation (at least for n79 is mandatory to support 4RX). Though the architecture is nothing new for L/M/H bands, but for bands operate around 5GHz range, it was not discussed in RAN4 before. Based on same LAA architecture assumption in [3], we think the architecture would look like below which is also same as [4]:
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Figure 1. FE architecture assumption

Observation 1: There’s no agreed FE architecture for NR-U evaluation assumption
Observation 2: FE architecture for NR-U bands would be similar to the existing L/M/H bands

In [[5] there’s a view mentioned “In addition to a single filter and a diplexer, the REFSENS requirements should also account for a TX/RX switch in the signal path of the unlicensed band so as to avoid redefining the receiver requirements when UL/DL operation is specified in later releases.” Since NR-U supports standalone operation and there are multiple bands around 5GHz range, T/R switch and band select switch shall be accounted.

Observation 3: From [5], band switch shall be considered for the NR-U bands but this was not mentioned/accounted in NR-U FE architecture assumption

According to 3rd party vendor’s update, typical RF switch insertion loss up to 8GHz is about 1.6dB. For extreme condition, it may have 0.1~0.2dB more insertion loss thus we propose 1.7dB insertion loss for calculation. And for T/R switch IL, it is 0.53dB (typ). Thus we propose 0.7dB insertion loss for calculation.

Figure 2 shows PCB trace loss up to 7.1GHz. Due to there are many bands implemented in one UE, it is difficult to control very short total trace length from RFIC to antenna connector. From our implementation experience, 1000mil is reasonable implementation thus we propose 1.2dB for PCB trace loss calculation.
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Figure 2. PCB trace loss simulation

Considering there are discrete components solutions widely used in worldwide, not only PCB trace loss, but also parasitic loss of inter-stage matching components need to be included in the FE loss assumption. Table 1 below lists difference comparing with FE assumptions in [3]:
	Component
	6 GHz addition delta for REFSENS from [3]

	Antenna connector
	0

	Post-module trace loss
	0.3

	Triplexer
	0

	WiFi 5 – 7 GHz BPF
	0

	Band switch insertion loss (this was not accounted)
	1.7

	T/R switch insertion loss
	0.7

	Inter-stage matching components parasitic loss
	0.3

	RFIC receiver noise figure difference
	0.6

	Total
	3.6



Table 1. Difference for 6GHz REFSENS evaluation

With justifications and numbers provided above and same FE architecture in [3][4], the total FE loss shall be updated as shown in table 2.
	Component
	6 GHz FE loss (MediaTek view)
	R4-2011344/R4-156325

	Antenna connector
	0.2
	0.2

	Post-module trace loss
	1.2
	0.9

	Triplexer
	0.8 (Diplexer)
	1.2

	WiFi 5 – 7 GHz BPF
	2
	1.07

	Band switch insertion loss (this was not accounted)
	1.7
	0.7

	T/R switch insertion loss (this was not accounted)
	0.7
	1

	Wideband mismatch loss
	N/A
	1

	Inter-stage matching components parasitic loss
	0.3
	N/A

	Total FE loss
	6.9
	6.07



Table 2. 6GHz FE loss calculation

The front-end loss obviously exceeds previous RAN4 common understanding that we are not sure this can be accepted by majority view. Thus we would encourage companies to provide their evaluation on front-end architecture and loss assumptions.

Proposal 1: RAN4 shall agree on FE architecture and total loss for n96 REFSENS evaluation assumption first

Previously in [3] we though RF switches insertion loss were not accounted for FE loss but after further check in [4] we have more clear understanding. Accounting FE loss difference shown in table 2 plus the RFIC receiver noise figure difference listed in table 1 & table 2, we have following REFSENS proposal for n96 (1.8 dB relaxation than n46):

Proposal 2: We propose n96 REFSENS as below table
	Operating band / SCS / Channel bandwidth

	Operating Band
	SCS kHz
	20 MHz (dBm)
	40 MHz (dBm)
	60 MHz (dBm)
	80 MHz (dBm)

	n96
	15
	-88
	-84.9
	
	

	
	30
	-88.2
	-85
	-83.1
	-81.9

	
	60
	-88.4
	-85
	-83.3
	-81.9


Proposal 3: 6GHz front-end loss assumption shall be at least 6dB

Observation 4: REFSENS of n79 shall be re-visited due to introduction of NR-U bands
Based on above discussion of difference between n46 and n96, n79 REFSENS shall be further discussed due to introduction of NR-U. Here we provide a simple interpolation calculation based on the higher edge frequency difference of the bands. REFSENS of n79 shall be 1.4dB lower than the REFSENS of n46 (1.8dB/1200MHz  1.4dB/925MHz) which means 1.6dB relaxation than current values:

Proposal 4: We propose n79 REFSENS as below table (1.6dB relaxation than current values) according to FE architecture change
	
	Operating band / SCS / Channel bandwidth / Duplex-mode

	Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)
	25
MHz
(dBm)
	30 MHz (dBm)
	40
MHz
(dBm)
	50
MHz
(dBm)
	60
MHz
(dBm)
	70
MHz
(dBm)
	80
MHz
(dBm)
	90
MHz
(dBm)
	100 MHz
(dBm)
	Duplex Mode

	n791
	15
	
	
	
	
	
	
	-88
	-87
	
	
	
	
	
	TDD

	
	30
	
	
	
	
	
	
	-88.1
	-87.1
	-86.3
	
	-85
	
	-84
	

	
	60
	
	
	
	
	
	
	-88.3
	-87.2
	-86.5
	
	-85.1
	
	-84.1
	

	NOTE 1:	Four Rx antenna ports shall be the baseline for this operating band except for two Rx vehicular UE.






3. Conclusion
From the discussion above, we have following observations and proposal:
Observation 1: There’s no agreed FE architecture for NR-U evaluation assumption
Observation 2: FE architecture for NR-U bands would be similar to the existing L/M/H bands
Observation 3: Band switch shall be considered for the NR-U bands that was not mentioned/accounted in LAA FE architecture assumption

Proposal 1: RAN4 shall agree on FE architecture and total loss for n96 REFSENS evaluation assumption first
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Proposal 3: 6GHz front-end loss assumption shall be 6dB

Observation 4: REFSENS of n79 shall be re-visited due to introduction of NR-U bands
Proposal 4: We propose n79 REFSENS as below table (1.6dB relaxation than current values) according to FE architecture change
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MHz
(dBm)
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(dBm)
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