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1	Introduction 

Due to the gradual introduction of brand new FR1 channel bandwidths, the REFSENS table based on the current format in TS 38.101-1 has expanded substantially in horizontal direction and gone beyond the word document page width which has caused REFSENS requirements virtually unreadable in both Rel-16 [1] and Rel-17 [2] specifications, despite the page width has been widened by using the landscape page layout. Though some further document editing efforts may still be viable to shrink the table width, such as reducing the font size and table column width, the problem may come back when more new channel bandwidths are to be introduced, such as 35 MHz and 45 MHz in the Rel-17 WID [3] which have not been included in the current REFSENS table. Therefore, a more future-proof solution to improve the REFSENS table readability and editability is vastly desired. Recognizing that there is one fundamental difference for REFSENS characteristic between FDD and TDD bands, where the TDD band requirements can be directly scaled with channel BW to embrace equation-based representation [4], and FDD band maximum channel BW is confined at 50 MHz, it can be anticipated that splitting the FDD and TDD bands into two REFSENS tables can effectively provide a future-proof solution to resolve the REFSENS table readability issue. In this contribution, we demonstrate how FR1 REFSENS table can be split and simplified and propose RAN4 to adopt this new REFSENS table format starting from Rel-17.        
2 Discussion

As stated above, the reason why splitting REFSENS table by FDD bands and TDD bands can effectively reduce the horizontal table dimension simply came from the following two complementary facts:
1. FDD band channel BWs are only limited to 50 MHz and below, but REFSENS are not scalable with channel BW.
2. TDD bands are taking all possible channel BWs, but the requirements can be specified with equation-based representation [4]

Details on how we split the table are summarized below:

1. Group FDD bands and SDL bands in one table with 35MHz and 45MHz columns added.
2. Group TDD bands in another table.
3. FDD band REFSENS representation remains unchanged, i.e., the exact REFSENS value is explicitly shown for each channel BW.
4. TDD band REFSENS use equation-based representation with supported minimum channel BW as reference.
5. Remove the duplex mode column to further reduce the table width as the table itself can already differentiate the duplex mode.
6. Keep the existing notes and void the unrelated notes in each table.

Table 2-1 and Table 2-2 show the proposed REFSENS table for FDD/SDL bands and TDD bands respectively.      
[bookmark: _Hlk507958268]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)

	n1
	15
	-100.0
	-96.8
	-95.0
	-93.8
	-92.7
	-91.9
	
	-90.6
	
	-89.6

	
	30
	
	-97.1
	-95.1
	-94.0
	-92.8
	-92.0
	
	-90.7
	
	-89.7

	
	60
	
	-97.5
	-95.4
	-94.2
	-93.0
	-92.1
	
	-90.9
	
	-89.7

	n2
	15
	-98.0
	-94.8
	-93.0
	-91.8
	
	
	
	
	
	

	
	30
	
	-95.1
	-93.1
	-92.0
	
	
	
	
	
	

	
	60
	
	-95.5
	-93.4
	-92.2
	
	
	
	
	
	

	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
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	

	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
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	

	n12
	15
	-97.0
	-93.8
	-84.0
	
	
	
	
	
	
	

	
	30
	
	-94.1
	-84.1
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	

	n13
	15
	-97.0
	-93.8
	
	
	
	
	
	
	
	

	
	30
	
	-94.1
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	

	n14
	15
	-97.0
	-93.8
	
	
	
	
	
	
	
	

	
	30
	
	-94.1
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	

	n18
	15
	-100.0
	-96.8
	-95.0
	
	
	
	
	
	
	

	
	30
	
	-97.1
	-95.1
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	

	n20
	15
	-97.0
	-93.8
	-91.0
	-89.8
	
	
	
	
	
	

	
	30
	
	-94.1
	-91.1
	-90.0
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	

	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
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	

	n297
	15
	-97.0
	-93.8
	
	
	
	
	
	
	
	

	
	30
	
	-94.1
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	

	n30
	15
	-99.0
	-95.8
	
	
	
	
	
	
	
	

	
	30
	
	-96.1
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	

	n65
	15
	-99.5
	-96.3
	-94.5
	-93.3
	
	
	
	
	
	-89.2

	
	30
	
	-96.6
	-94.6
	-93.5
	
	
	
	
	
	-89.3

	
	60
	
	-97.0
	-94.9
	-93.7
	
	
	
	
	
	-89.4

	n66
	15
	-99.5
	-96.3
	-94.5
	-93.3
	-92.2
	-91.4
	
	-90.1
	
	

	
	30
	
	-96.6
	-94.6
	-93.5
	-92.3
	-91.5
	
	-90.2
	
	

	
	60
	
	-97.0
	-94.9
	-93.7
	-92.5
	-91.6
	
	-90.4
	
	

	n70
	15
	-100.0
	-96.8
	-95.0
	-93.8
	-92.7
	
	
	
	
	

	
	30
	
	-97.1
	-95.1
	-94.0
	-92.8
	
	
	
	
	

	
	60
	
	-97.5
	-95.4
	-94.2
	-93.0
	
	
	
	
	

	n71
	15
	-97.2
	-94.0
	-91.6
	-86.0
	
	
	
	
	
	

	
	30
	
	-94.3
	-91.9
	-87.4
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	

	n743
	15
	-99.5
	-96.3
	-94.5
	-89.3
	
	
	
	
	
	

	
	30
	
	-96.6
	-94.6
	-89.5
	
	
	
	
	
	

	
	60
	
	-97.0
	-94.9
	-89.6
	
	
	
	
	
	

	n757
	15
	-100
	-96.8
	-95.0
	-93.8
	-92.7
	-91.9
	
	-90.6
	
	-89.6

	
	30
	
	-97.1
	-95.1
	-94.0
	-92.8
	-92.0
	
	-90.7
	
	-89.7

	
	60
	
	-97.5
	-95.4
	-94.2
	-93.0
	-92.1
	
	-90.9
	
	-89.8

	n767
	15
	-100
	
	
	
	
	
	
	
	
	

	
	30
	
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	

	n91
	15
	-100
	
	
	
	
	
	
	
	
	

	
	30
	
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	

	n92
	15
	-100
	-96.8
	-95.0
	-93.8
	
	
	
	
	
	

	
	30
	
	-97.1
	-95.1
	-94.0
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	

	n93
	15
	-100
	
	
	
	
	
	
	
	
	

	
	30
	
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	

	n94
	15
	-100
	-96.8
	-95.0
	-93.8
	
	
	
	
	
	

	
	30
	
	-97.1
	-95.1
	-94.0
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	

	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:	For SDL bands, the reference sensitivity requirements shall be verified by inter-band CA combinations with SDL band, which are supported by UE.



Table 2-1 Proposed REFSENS table for FR1 FDD/SDL bands

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

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

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

	
	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)

	
	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)

	
	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)

	
	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)

	
	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)

	
	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)

	
	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

	
	30
	
	

	
	60
	
	

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

	
	30
	10
	-97.1

	
	60
	10
	-97.5

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

	
	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)

	
	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)

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

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

	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:	Void
NOTE 8:	The REFSENS value is rounded to the nearest number down to one decimal point.



Table 2-2 Proposed REFSENS table for FR1 TDD bands

Proposal: FR1 REFSENS requirements table is revised to as shown in Table 2-1 and Table 2-2 starting from Rel-17. 

3	Conclusion

In this contribution, we demonstrate how FR1 REFSENS table can be split and simplified and propose RAN4 to adopt this new REFSENS table format in TS 38.101-1 starting from Rel-17.

Proposal: FR1 REFSENS requirements table is revised to as shown in Table 2-1 and Table 2-2 starting from Rel-17. 
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