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[bookmark: _Toc68256126]1	Introduction
At RAN4#98bis, it was agreed in WF [1] to simplify the REFSENS Table 7.3.2-1 in TS 38.101-1 based on the split table format proposed in [2]. In this paper we present an FR1 REFSENS table split and simplification for the remaining FDD bands and SDL bands and we propose to adopt this new format starting from Rel-17.
[bookmark: _Toc42512456][bookmark: _Toc46352949][bookmark: _Toc49772668][bookmark: _Toc68256127]2	Discussion
In WF [1] it was agreed to split the current REFSENS table into two sets of tables: one for TDD bands; and one for FDD and SDL bands. As of Rel-17.1.0, there are 12 TDD bands and 28 FDD and  SDL bands.
The agreed equation-based approach in [1] is well suited for TDD bands since the REFSENS levels are not impacted by the transmitter (Tx) chain excess noise and/or C-IM/IM effects, i.e. there is no self-desensitisation, meaning TDD bands have zero “maximum sensitivity degradation” (MSD). We note that among the 28 FDD and SDL remaining bands for which REFSENS is proposed to be captured in the current large table format [2], 17 of these bands also have zero MSD. They are therefore ideal candidates to benefit from the TDD equation-based approach. These bands fall into two categories:
· 3 SDL bands n29, n75, n76 (and soon n67): by definition, TDD equation-based approach is directly applicable,
· 14 FDD bands that can be classified in three sub-groups:
· Variable Duplex Distance FDD bands n91, n92, n93, n94: TDD equation-based approach is directly applicable since their duplex distance are the largest of any FDD bands in FR1, ranging from 517MHz to 680MHz,
· FDD bands with large duplex distance relative to their highest supported uplink (UL) channel bandwidth (CBW), such as bands n1, n2, n24, n30, n65, n66, n70. In their current state of supported CBW, these bands do not experience any MSD and are therefore also additional candidates to the TDD equation-based approach.
· FDD bands with marginal distance duplex to supported UL-CBW ratio where no MSD occurs across any CBW, such as band n13, n14, n18.
This group of 17 FDD/SDL bands should be added to the previously agreed group of 12 TDD bands where REFSENS is defined using the equation-based approach.
This leaves only 11 bands which experience some MSD when operated at their highest UL CBW. In Rel-17.1.0, these bands and CBW are:
· n3, CBW 40MHz,
· n5, CBW 20MHz,
· n7, CBW 50MHz,
· n8, CBW 15,20MHz,
· n12, CBW 15MHz,
· n20, CBW 15,20MHz,
· n25, CBW 30,40MHz,
· n26, CBW 20MHz,
· n28, CBW 20,30MHz,
· n71, CBW 15,20MHz,
· n74, CBW 20MHz.
This list is expected to expand in future Releases as new requests are brought to support higher CBW and new 35/45MHz and in legacy LTE FDD bands. For bands where MSD occurs, two options are considered:
1) Adopt TDD equation-based augmented with an additional correction factor to account for the MSD; in which case an MSD lookup table is needed per band, per SCS, per CBW.
2) Keep the current REFSENS levels in a separate table, where REFSENS is defined per band, per SCS, per CBW.
In both options, the table complexity is identical, so we see little benefit in introducing a new MSD table.
We therefore make the following proposal as an extension to the work in [1]:
Proposal: For 38.101-1, starting from Rel-17, adopt FR1 REFSENS requirements table as shown in Table 1 and Table 2 starting from Rel-17, where we:
· Group in a separate table (cf. Table 1) the FDD bands which experience MSD, namely FDD bands n3, n5, n7, n8, n12, n20, n25, n28, n71, n74:
· For these bands, the REFSENS representation remains unchanged, i.e., the exact REFSENS value is explicitly shown for each channel BW.

· Group in a single table (cf. Table 2) all TDD bands, SDL bands, and FDD bands for which no MSD occurs, namely FDD bands n1, n2, n13, n14, n18, n24, n30, n65, n66, n70.
· For these bands, the REFSENS use equation-based representation with supported minimum channel BW as reference.
· Retain the duplex mode column.

· In both Table 1 and Table 2:
· Minimize the number of table entries by only capturing REFSENS for the supported SCS of each band.
· [bookmark: _Hlk507958268]Void the unrelated notes in each table.

Table 7.3.2-1a: Two antenna port reference sensitivity QPSK PREFSENS for FDD and SDL bands
· 
	Operating band / SCS / Channel bandwidth

	Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)
	25
MHz
(dBm)
	30 MHz (dBm)
	35 MHz (dBm)
	40
MHz
(dBm)
	45 MHz (dBm)
	50
MHz
(dBm)

	n3
	15
	-97.0
	-93.8
	-92.0
	-90.8
	-89.7
	-88.9
	
	-82.3
	
	

	
	30
	
	-94.1
	-92.1
	-91.0
	-89.8
	-89.0
	
	-82.4
	
	

	
	60
	
	-94.5
	-92.4
	-91.2
	-90.0
	-89.1
	
	-82.6
	
	

	n5
	15
	-98.0
	-94.8
	-93.0
	-86.8
	
	
	
	
	
	

	
	30
	
	-95.1
	-93.1
	-88.6
	
	
	
	
	
	

	n71
	15
	-98.0
	-94.8
	-93.0
	-91.8
	-90.7
	-89.9
	
	-88.6
	
	-81.5

	
	30
	
	-95.1
	-93.1
	-92.0
	-90.8
	-90.0
	
	-88.7
	
	-81.5

	
	60
	
	-95.5
	-93.4
	-92.2
	-91.0
	-90.1
	
	-88.9
	
	-81.5

	n8
	15
	-97.0
	-93.8
	-91.4
	-85.8
	
	
	
	
	
	

	
	30
	
	-94.1
	-91.7
	-87.2
	
	
	
	
	
	

	n12
	15
	-97.0
	-93.8
	-84.0
	
	
	
	
	
	
	

	
	30
	
	-94.1
	-84.1
	
	
	
	
	
	
	

	n20
	15
	-97.0
	-93.8
	-91.0
	-89.8
	
	
	
	
	
	

	
	30
	
	-94.1
	-91.1
	-90.0
	
	
	
	
	
	

	n25
	15
	-96.5
	-93.3
	-91.5
	-90.3
	-89.3
	-82.2
	
	-79.5
	
	

	
	30
	
	-93.6
	-91.6
	-90.5
	-89.4
	-82.3
	
	-79.6
	
	

	
	60
	
	-94.0
	-91.9
	-90.7
	-89.6
	-82.4
	
	-79.7
	
	

	n26
	15
	-97.56
	-94.56
	-92.76
	-87.6
	
	
	
	
	
	

	
	30
	
	-94.86
	-92.76
	-87.7
	
	
	
	
	
	

	n28
	15
	-98.5
	-95.5
	-93.5
	-90.8
	
	-78.5
	
	
	
	

	
	30
	
	-95.6
	-93.6
	-91.0
	
	-78.6
	
	
	
	

	n71
	15
	-97.2
	-94.0
	-91.6
	-86.0
	
	
	
	
	
	

	
	30
	
	-94.3
	-91.9
	-87.4
	
	
	
	
	
	

	n743
	15
	-99.5
	-96.3
	-94.5
	-89.3
	
	
	
	
	
	

	
	30
	
	-96.6
	-94.6
	-89.5
	
	
	
	
	
	

	
	60
	
	-97.0
	-94.9
	-89.6
	
	
	
	
	
	

	NOTE 1:	Four Rx antenna ports shall be the baseline for this operating band except for two Rx vehicular UE.
NOTE 2:	The transmitter shall be set to PUMAX as defined in clause 6.2.4
NOTE 3:	The requirement is modified by -0.5 dB when the assigned NR channel bandwidth is confined within 1475.9 - 1510.9 MHz.
NOTE 4:	Void
NOTE 5:	Void
NOTE 6:	Values are modified by -0.5dB when carrier channel BW is between 865MHz and 894MHz.
NOTE 7:	Void.


[bookmark: _Ref71282253]Table 1 Proposed REFSENS table for FR1 FDD bands with MSD.

   Table 7.3.2-1b: Two antenna port reference sensitivity QPSK PREFSENS
	Operating band / SCS / Channel bandwidth / REFSENS
	

	Operating band
	SCS
kHz
	Channel bandwidth (MHz)
	REFSENS (dBm)8
	Duplex Mode

	n1
	15
	5,10,15,20,25,30,40,50
	-100 + 10log10(NRB/25)
	FDD

	
	30
	10,15,20,25,30,40,50
	-97.1 + 10log10(NRB/24)
	

	
	60
	10,15,20,25,30,40,50
	-97.5 + 10log10(NRB/11)
	

	n2
	15
	5,10,15,20
	-98 + 10log10(NRB/25)
	FDD

	
	30
	10,15,20
	-95.1 + 10log10(NRB/24
	

	
	60
	10,15,20
	-95.5 + 10log10(NRB/11)
	

	n13
	15
	5,10
	-97 + 10log10(NRB/25)
	FDD

	
	30
	10
	-94.1 + 10log10(NRB/24)
	

	n14
	15
	5,10
	-97 + 10log10(NRB/25)
	FDD

	
	30
	10
	-94.1 + 10log10(NRB/24)
	

	n18
	15
	5,10,15
	-100 + 10log10(NRB/25)
	FDD

	
	30
	10,15
	-97.1 + 10log10(NRB/24)
	

	n24
	15
	5,10
	-100 + 10log10(NRB/25)
	FDD

	
	30
	10
	-97.1
	

	
	60
	10
	-97.5
	

	n297
	15
	5,10
	-97 + 10log10(NRB/25)
	SDL

	
	30
	10
	-94.1 + 10log10(NRB/24)
	

	n30
	15
	5,10
	-99 + 10log10(NRB/25)
	FDD

	
	30
	10
	-96.1 + 10log10(NRB/24)
	

	n34
	15
	5, 10, 15
	-100 + 10log10(NRB/25)
	TDD

	
	30
	10, 15
	-97.1 + 10log10(NRB/24)
	

	
	60
	10, 15
	-97.5 + 10log10(NRB/11)
	

	n381
	15
	5, 10, 15, 20, 25, 30, 40
	-100 + 10log10(NRB/25)
	TDD

	
	30
	10, 15, 20, 25, 30, 40
	-97.1 + 10log10(NRB/24)
	

	
	60
	10, 15, 20, 25, 30, 40
	-97.5 + 10log10(NRB/11)
	

	n39
	15
	5, 10, 15, 20, 25, 30, 40
	-100 + 10log10(NRB/25)
	TDD

	
	30
	10, 15, 20, 25, 30, 40
	-97.1 + 10log10(NRB/24)
	

	
	60
	10, 15, 20, 25, 30, 40
	-97.5 + 10log10(NRB/11)
	

	n40
	15
	5, 10, 15, 20, 25, 30, 40, 50
	-100 + 10log10(NRB/25)
	TDD

	
	30
	10, 15, 20, 25, 30, 40, 50, 60, 80
	-97.1 + 10log10(NRB/24)
	

	
	60
	10, 15, 20, 25, 30, 40, 50, 60, 80
	-97.5 + 10log10(NRB/11)
	

	n411
	15
	10, 15, 20, 30, 40, 50
	-94.8 + 10log10(NRB/50)
	TDD

	
	30
	10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100
	-95.1 + 10log10(NRB/24)
	

	
	60
	10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100
	-95.5 + 10log10(NRB/11)
	

	n481
	15
	5, 10, 15, 20, 40, 505
	-99 + 10log10(NRB/25)
	TDD

	
	30
	10, 15, 20, 40, 505, 605, 705, 805, 905, 1005
	-96.1 + 10log10(NRB/24)
	

	
	60
	10, 15, 20, 40, 505, 605, 705, 805, 905, 1005
	-96.5 + 10log10(NRB/11)
	

	n50
	15
	5, 10, 15, 20, 30, 40, 50
	-100 + 10log10(NRB/25)
	TDD

	
	30
	10, 15, 20, 30, 40, 50, 60, 80
	-97.1 + 10log10(NRB/24)
	

	
	60
	10, 15, 20, 30, 40, 50, 60, 80
	-97.5 + 10log10(NRB/11)
	

	n51
	15
	5
	-100
	TDD

	n53
	15
	5, 10
	-100 + 10log10(NRB/25)
	TDD

	
	30
	10
	-97.1
	

	
	60
	10
	-97.5
	

	n65
	15
	5,10,15,20,50
	-99.5 + 10log10(NRB/25)
	FDD

	
	30
	10,15,20,50
	-96.6 + 10log10(NRB/24)
	

	
	60
	10,15,20,50
	-97 + 10log10(NRB/11)
	

	n66
	15
	5,10,15,20,25,30,40
	-99.5 + 10log10(NRB/25)
	FDD

	
	30
	10,15,20,25,30,40
	-96.6 + 10log10(NRB/24)
	

	
	60
	10,15,20,25,30,40
	-97 + 10log10(NRB/11)
	

	n70
	15
	5,10,15,20,25
	-100 + 10log10(NRB/25)
	FDD

	
	30
	10,15,20,25
	-97.1 + 10log10(NRB/24)
	

	
	60
	10,15,20,25
	-97.5 + 10log10(NRB/11)
	

	n757
	15
	5,10,15,20,25,30,40,50
	-100 + 10log10(NRB/25)
	SDL

	
	30
	10,15,20,25,30,40,50
	-97.1 + 10log10(NRB/24)
	

	
	60
	10,15,20,25,30,40,50
	-97.5 + 10log10(NRB/11)
	

	n767
	15
	5
	-100
	SDL

	n771,4
	15
	10, 15, 20, 25, 30, 40, 50
	-95.3 + 10log10(NRB/50)
	TDD

	
	30
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	-95.6 + 10log10(NRB/24)
	

	
	60
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	-96.0 + 10log10(NRB/11)
	

	n781
	15
	10, 15, 20, 25, 30, 40, 50
	-95.8 + 10log10(NRB/50)
	TDD

	
	30
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	-96.1 + 10log10(NRB/24)
	

	
	60
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	-96.5 + 10log10(NRB/11)
	

	n791
	15
	40, 50
	-89.6 + 10log10(NRB/216)
	TDD

	
	30
	40, 50, 60, 80, 100
	-89.7 + 10log10(NRB/106)
	

	
	60
	40, 50, 60, 80, 100
	-89.9 + 10log10(NRB/51)
	

	n91
	15
	5
	-100
	FDD

	n92
	15
	5,10,15,20
	-100 + 10log10(NRB/25)
	FDD

	
	30
	10,15,20
	-97.1 + 10log10(NRB/24)
	

	n93
	15
	5
	-100
	FDD

	n94
	15
	5,10,15,20
	-100 + 10log10(NRB/25)
	FDD

	
	30
	10,15,20
	-97.1 + 10log10(NRB/24)
	

	NOTE 1:	Four Rx antenna ports shall be the baseline for this operating band except for two Rx vehicular UE.
NOTE 2:	The transmitter shall be set to PUMAX as defined in clause 6.2.4.
NOTE 3:	Void
NOTE 4:	The requirement is modified by -0.5 dB when the assigned UE channel bandwidth is confined within 3300 - 3800 MHz.
NOTE 5:	For these bandwidths, the minimum requirements are restricted to operation when carrier is configured as a downlink carrier part of CA configuration.
NOTE 6:	Void
NOTE 7:	For SDL bands, the reference sensitivity requirements shall be verified by inter-band CA combinations with SDL band, which are supported by UE.
NOTE 8:	The REFSENS value is rounded to the nearest number down to one decimal point. “NRB” in REFSENS formula is the maximum transmission bandwidth configuration as defined in Table 5.3.2-1.    
	



[bookmark: _Ref71282261]Table 2 Proposed REFSENS table for FR1 TDD bands, SDL bands and FDD bands without MSD
3	Conclusion
In this contribution, we propose an extension of [1] where FR1 REFSENS Table 7.3.2-1 is split and simplified, thereby easing future release maintenance, table complexity and improving table clarity. We propose that RAN4 adopts the new table format for 38.101-1 starting from Rel-17.
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