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Introduction
This document presents 35MHz and 45MHz measurements and proposes associated REFSENS requirements.
Discussion
Background
At last RAN4 meeting #97e, the following agreements were captured in WF [1] and summarized in Table 1 below.

[bookmark: _Ref61445968]Table 1: WF agreements on REFSENS & AMPR
	Band
	Channel Bandwidth (MHz)
	REFSENS configuration
	Comment

	
	
	Uplink (MHz)
	Downlink (MHz)
	

	n3
	35
	35
	35
	Agreed Lcrb = 50

	
	45
	45
	45
	Agreed Lcrb = 50

	n8
	35
	20
	35
	Evaluation of worst-case and best-case MSD test points

	n25
	35
	35
	35
	Agreed Lcrb = 40

	
	45
	40
	45
	

	n71
	35
	20
	35
	Evaluation of worst-case and best-case MSD test points



At last RAN plenary meeting, it was been agreed upon to study 35MHz CBW for n2 and 45MHz for n1. For n2, we re-use n25 WF assumptions, for n1, considering the large duplex distance, we assume symmetrical 45MHz Uplink (UL)/Downlink (DL) configuration.
We also wrap-up REFSENS requirements for n7 35MHz and n66 35MHz and 45MHz where no MSD occur.

Power Amplifier Calibration and REFSENS Assumptions
For Power Amplifier (PA) transmitter (Tx) noise emission in receiver (Rx) band, we assume:
· PA calibration point is 20 MHz, 15 kHz, QPSK, DFT-S-OFDM, 100 RB at lower channel edge with 1 dB MPR;
· Post PA losses: 4dB;
· Power Class 3 (PC3) operation;
· Local Oscillator (LO) leakage: -28dBc;
· IQ Image rejection: -28dB;
· C-IM3: -60dBc, C-IM5: -70dBc
· We measure Tx noise in Rx band for 2 input noise floor test conditions at PA input: with direct connection from RF test equipment signal generator into PA, i.e. the PA noise PSD in Rx band is above thermal noise, and with close to thermal noise PSD in Rx band at PA input port by inserting an input band pass filter at PA input. Lowering the noise PSD in Rx band at PA input is important for the case when the measured Tx noise in Rx at PA output is very low. This has no impact in the case of moderate to high desensitization levels, such as 35MHz in n71 or 45MHz in band 25.
For bands where a difference is observed, we select a value which we believe is a fair representation of commercial performance.
For REFSENS estimations, we assume:
· 50 dB Tx to RX and Tx to Antenna duplexer rejection in Rx band, for all bands except in band n71 where 55dB is assumed,
· 10 dB Primary antenna to diversity antenna isolation;
· 4 dB Post PA loss;
· 4 dB Antenna to LNA front-end losses;
· 3 dB Antenna diversity gain;
· -1 dB SNR; and
· Previously agreed rules to compute correlated and uncorrelated MRC contributions.
n1 REFSENS
Considering no MSD occurs for n1 50MHz REFSENS, we make the following proposal for n1 45MHz CBW.

Proposal 1: Adopt the following n1 two antenna port Reference Sensitivity QPSK and Uplink Configuration tables.
Table 7.3.2-1: Two Antenna Port Reference Sensitivity QPSK PREFSENS 
	Operating Band
	SCS kHz
	45 MHz
(dBm)
	Duplex Mode

	n11
	15
	-90.1
	FDD

	
	30
	-90.1
	

	
	60
	-90.3
	

	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.


Table 7.3.2-3: Uplink Configuration for Reference Sensitivity
	Operating Band
	SCS kHz
	45 MHz
(dBm)
	Duplex Mode

	n11
	15
	1281
	FDD

	
	30
	641
	

	
	60
	301
	

	NOTE 1:	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 5.3.2-1).



n3 REFSENS
The measured PA Tx noise level in Rx band for symmetrical 35MHz and 45MHz CBW is plotted in Figure 1 vs Lcrb.

[image: ] [image: ]
[bookmark: _Ref61439646]Figure 1: n3 Tx noise level in Rx band vs Lcrb with (orange) and without PA input filter (blue). Left symmetrical UL/DL 35MHz, Right: symmetrical UL/DL 45MHz CBW.

At the agreed Lcrb=50, the Tx noise level is:
· [bookmark: _Ref61440056]For 35MHz CBW (Figure 1 – left): worst case -39dBm/33.855MHz (blue), best case -49 dBm/33.855MHz (orange). For the MSD analysis, we propose to adopt a midway point of -45dBm/33.855MHz, ie a Tx noise PSD in Rx band of -121dBm/Hz (orange). 
· For 45MHz CBW (Figure 1 – right): worst case -35.7dBm/43.755MHz (blue), best case -40.2dBm/43.755MHz (orange). For the MSD analysis, we assume -38dBm/43.755MHz

The MSD analysis is presented in Table 2 and shows 0.7 dB receiver desense for 35MHz operation and 2.0 dB desense for 45MHz CBW.
[bookmark: _Ref61441788]Table 2: n3 35/45MHz Tx noise level in Rx band and MSD analysis. 
[image: ] 

Proposal 2: Adopt the following n3 two antenna port Reference Sensitivity QPSK and Uplink Configuration tables.
Table 7.3.2-1: Two Antenna Port Reference Sensitivity QPSK PREFSENS 
	Operating Band
	SCS kHz
	35 MHz
(dBm)
	45 MHz
(dBm)
	Duplex Mode

	n31
	15
	-87.5
	-85.1
	FDD

	
	30
	-87.6
	-85.2
	

	
	60
	-87.8
	-85.3
	

	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.


Table 7.3.2-3: Uplink Configuration for Reference Sensitivity
	Operating Band
	SCS kHz
	35 MHz
(dBm)
	45 MHz
(dBm)
	Duplex Mode

	n31
	15
	501
	501
	FDD

	
	30
	241
	241
	

	
	60
	101
	101
	

	NOTE 1:	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 5.3.2-1).



[bookmark: _GoBack]n8 REFSENS
Here we reproduce here results presented at previous meeting from [2]. Figure 2 summarizes the n8 spectrum landscape for 35MHz DL CBW operation. According to WF [1], it is agreed to restrict n8 UL CBW to 20MHz, for which case A represents the REFSENS best-case scenario, and case B represents the REFSENS worst-case scenario. It was shown in [2] that case C leads to nearly 22dB receiver desense,

[image: ]
[bookmark: _Ref61440683]Figure 2: n8 35MHz DL CBW spectrum perspective for A) 20MHz uplink CBW at highest channel (top), B) 20MHz uplink CBW at lowest channel (middle), C) 35MHz uplink CBW (bottom).

Case A: 35MHz DL CBW MSD due to 20MHz UL CBW at highest channel
Tx noise level in 35MHz DL channel measured with 20MHz UL LCRB =25 is -36.0 dBm. 

Case B: 35MHz DL CBW MSD due to 20MHz UL CBW at lowest channel
Figure 3 shows the measured 20MHz UL CBW Tx noise level in 35MHz DL CBW vs LCRB for the case when the UL channel is closest to the DL band.
[image: ]
Figure 3: 20MHz UL CBW Transmitter noise level in 35MHz DL CBW vs LCRB – Case B.
[bookmark: _Hlk54362664]Tx noise level reaches a minimum for LCRB ranging from approximately 25 to 40 RB. We therefore propose to adopt LCRB =25 for MSD evaluation, value at which the transmitter noise level is -15.3 dBm.

The MSD analysis for case A and case B is summarized in Table 3.
[bookmark: _Ref61441800]Table 3: n8 35MHz MSD for case A, B.
[image: ]

Proposal 3: Adopt the following n8 two antenna port Reference Sensitivity requirements and test points.
Table 7.3.2-1: Two Antenna Port Reference Sensitivity QPSK PREFSENS for n8 35MHz CBW.
	Operating band / SCS / Channel bandwidth / Channel allocations / REFSENS/ Duplex mode

	Operating Band
	SCS kHz
	Channel bandwidth (DL)
(MHz)
	Channel bandwidth (UL)
(MHz)
	FC (DL)
(MHz)
	FC (UL)
(MHz)
	UL
allocation (LCRB)
	REFSENS
(dBm)
	Duplex
Mode

	n8
	15
	35
	20
	942.5
	890.0
	252
	-85.1
	FDD

	
	30
	
	
	
	
	102
	-85.2
	

	
	60
	
	
	
	
	
	
	

	n8
	15
	35
	20
	942.5
	905.0
	252
	-70.6
	FDD

	
	30
	
	
	
	
	102
	-70.7
	

	
	60
	
	
	
	
	
	
	

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4
NOTE 2:	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 5.3.2-1)




n25/n2 REFSENS
For operation at 35MHz CBW, Tx noise in Rx band is measured assuming symmetrical 35MHz/35MHz UL/DL and is plotted in Figure 4 below. At the agreed Lcrb = 40RB, we measure -36.5dBm/33.855MHz when PA input noise PSD in Rx is that of RF transmit modulator (blue), and -45.3 dBm/33.855MHz when noise PSD in Rx band presented at PA input is close to thermal noise (orange). For MSD analysis we assume a Tx noise level of -40dBm/33.855MHz.

[image: ]
[bookmark: _Ref61625069]Figure 4: 35MHz symmetrical UL/DL n25/n2 Tx noise level in Rx band vs Lcrb with (orange) and without PA input filter (blue).

For operation at 45MHz CBW, two sets of measurements:
· Case A: best-case Tx noise in Rx, where a 40MHz UL carrier is modulated within the duplex-distance 45MHz channel at the highest frequency offset from the DL carrier,
· Case B: worst-case Tx noise in Rx, where a 40MHz UL carrier is modulated within the duplex-distance 45MHz channel at the lowest frequency offset from the DL carrier,
· Case C: symmetric 45MHz UL/DL configuration – case where DL carrier is partially overlapped by the upper ACLR regrowth – This case is measured for reference.
Case A, B and C are sketched in Figure 5 below.


[image: ]
[bookmark: _Ref61453524]Figure 5: n25/n2 asymmetric UL 40 MHz/ DL 45MHz measurement assumptions.


Tx noise levels for case A,B,C vs Lcrb, with thermal noise at PA input (orange curves) and with Tx modulator Tx noise PSD in Rx band at PA input (blue) are plotted in Figure 4.

[image: ] [image: ][image: ]
[bookmark: _Ref61448166]Figure 4: Case A (Left-40MHz/45MHz UL/DL best case), Case B (Center-40MHz/45MHz UL/DL worst case), Case C (Right-45MHz/45MHz UL/DL) n25/n2 Tx noise level in Rx band vs Lcrb with (orange) and without PA input filter (blue). 


At the agreed Lcrb=40, we assume the following Tx noise level in Rx band:
· Case A: -37dBm/43.755MHz
· Case B: -29dBm/43.755MHz
· Case C: -18dBm/43.755MHz

The n25 MSD analysis is shown in Table 2 and shows 2.2dB MSD for 40/45MHz Case A, 5.6dB for 40/45MHz Case B,13.6dB for 45/45MHz Case C and 1.6 dB for 35/35MHz.

Table 2: n25 35/45MHz Tx noise level in Rx band and MSD analysis.
[image: ]
 

The n2 MSD analysis is shown in Table 2 and shows 2.2dB MSD for 40/45MHz Case A, 5.6dB for 40/45MHz Case B,13.6dB for 45/45MHz Case C and 1.6 dB for 35/35MHz.

Table 2: n2 35/45MHz Tx noise level in Rx band and MSD analysis.
[image: ]

	
Proposal 4: Adopt the following n25 and n2 antenna port 35MHz Reference Sensitivity QPSK and Uplink Configuration tables.

Table 7.3.2-1: Two Antenna Port Reference Sensitivity QPSK PREFSENS 
	Operating Band
	SCS kHz
	35 MHz
(dBm)
	Duplex Mode

	n21
	15
	-87.1
	FDD

	
	30
	-87.2
	

	
	60
	-87.3
	

	n251
	15
	-86.1
	FDD

	
	30
	-86.2
	

	
	60
	-86.3
	


Table 7.3.2-3: Uplink Configuration for Reference Sensitivity
	Operating Band
	SCS kHz
	35 MHz
(dBm)
	Duplex Mode

	n21
	15
	401
	FDD

	
	30
	201
	

	
	60
	101
	

	n251
	15
	401
	FDD

	
	30
	201
	

	
	60
	101
	



For 45MHz CBW operation, two REFSENS test points are proposed (best-case and worst-case) as:
	Operating band / SCS / Channel bandwidth / Channel allocations / REFSENS/ Duplex mode

	Operating Band
	SCS kHz
	Channel bandwidth (DL)
(MHz)
	Channel bandwidth (UL)
(MHz)
	FC (DL)
(MHz)
	FC (UL)
(MHz)
	UL
allocation (LCRB)
	REFSENS
(dBm)
	Duplex
Mode

	n2
	15
	45
	40
	1967.5
	1885.0
	401
	-85.4
	FDD

	
	30
	
	
	
	
	201
	-85.5
	

	
	60
	
	
	
	
	101
	-85.6
	

	n2
	15
	45
	40
	1967.5
	1890.0
	401
	-81.6
	FDD

	
	30
	
	
	
	
	201
	-81.7
	

	
	60
	
	
	
	
	101
	-81.8
	

	n25
	15
	45
	40
	1972.5
	1890.0
	401
	-84.4
	FDD

	
	30
	
	
	
	
	201
	-85.5
	

	
	60
	
	
	
	
	101
	-85.1
	

	n25
	15
	45
	40
	1972.5
	1895.0
	401
	-81.0
	FDD

	
	30
	
	
	
	
	201
	-81.1
	

	
	60
	
	
	
	
	101
	-81.2
	

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4
NOTE 2:	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 5.3.2-1)



n7 REFSENS
Considering no MSD occurs for n7 30MHz and 40MHz REFSENS, we propose to adopt the following REFSENS requirements.

Proposal 5: n7 antenna port Reference Sensitivity QPSK and Uplink Configuration tables.

Table 7.3.2-1: Two Antenna Port Reference Sensitivity QPSK PREFSENS 
	Operating Band
	SCS kHz
	35 MHz
(dBm)
	Duplex Mode

	n71
	15
	-89.2
	FDD

	
	30
	-89.3
	

	
	60
	-89.4
	

	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.


Table 7.3.2-3: Uplink Configuration for Reference Sensitivity
	Operating Band
	SCS kHz
	35 MHz
(dBm)
	Duplex Mode

	n71
	15
	451
	FDD

	
	30
	201
	

	
	60
	101
	

	NOTE 1:	1Refers 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 5.3.2-1).



n66 REFSENS
Due to the large duplex distance, no MSD is expected for 35MHz and 45MHz CBW operation, we propose to adopt the following REFSENS requirements.

Proposal 6: n66 antenna port Reference Sensitivity QPSK and Uplink Configuration tables.

Table 7.3.2-1: Two Antenna Port Reference Sensitivity QPSK PREFSENS 
	Operating Band
	SCS kHz
	35 MHz
(dBm)
	45 MHz
(dBm)
	Duplex Mode

	n661
	15
	-90.7
	-89.6
	FDD

	
	30
	-90.8
	-89.7
	

	
	60
	-91.0
	-89.8
	

	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.


Table 7.3.2-3: Uplink Configuration for Reference Sensitivity
	Operating Band
	SCS kHz
	35 MHz
(dBm)
	45 MHz
(dBm)
	Duplex Mode

	n661
	15
	1801
	243
	FDD

	
	30
	901
	1001
	

	
	60
	401
	501
	

	NOTE 1:	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 5.3.2-1).



n71 35MHz REFSENS
We reproduce here results presented at previous meeting from [3].

Figure 6 summarizes the n71 spectrum landscape for 35MHz downlink (DL) channel bandwidth (CBW) operation. According to WF [1], it is agreed to restrict n71 UL CBW to 20MHz, for which case A represents the REFSENS best-case scenario, and case B represents the REFSENS worst-case scenario. It was shown in [3] that case C leads to nearly 22dB receiver desense. It has also been shown that Case C would require 12-14dB A-MPR to meet band n29 protection limits.
[image: ]
[bookmark: _Ref47741332]Figure 6: n71 35MHz DL CBW spectrum perspective for A) 20MHz uplink CBW at highest channel (top), B) 20MHz uplink CBW at lowest channel (middle), C) 35MHz uplink CBW (bottom).

This paper presents measurement results to evaluate the impact of all cases A, B and C on maximum sensitivity degradation (MSD) and A-MPR. Broader perspective on specification impact can be found in [3].


Case A: 35MHz DL CBW MSD due to 20MHz UL CBW at highest channel
Tx noise level in 35MHz DL channel measured with 20MHz UL LCRB =25 is -36.8dBm. 

Case B: 35MHz DL CBW MSD due to 20MHz UL CBW at lowest channel
Figure 6 shows measured 20MHz UL CBW Tx noise level in 35MHz DL CBW vs LCRB for the case when the UL channel is closest to the DL band.
[image: ]
[bookmark: _Ref54350546]Figure 6: 20MHz UL CBW Transmitter noise level in 35MHz DL CBW vs LCRB – Case B.
Tx noise level reaches a minimum for LCRB ranging from approximately 25 to 45 RB. We propose to adopt LCRB =25 for MSD evaluation, value at which the transmitter noise level -16.4 dBm, i.e. approximately 20dB higher than in Case A. This is expected as ACL shoulders overlap significantly the DL CBW.

The estimated MSD for each case is shown in Table 5 where no A-MPR is assumed, i.e., the PA total transmit power at 0dB back-off is 27dBm.
[bookmark: _Ref54279272]Table 5: n71 35MHz MSD for case A and B.
[image: ]

The MSD are approximately 2dB for Case A and 16.7dB for Case B.

Proposal 7: Adopt the following n71 two antenna port Reference Sensitivity requirements and test points.

Table 7.3.2-1: Two Antenna Port Reference Sensitivity QPSK PREFSENS for n71 35MHz CBW.
	Operating band / SCS / Channel bandwidth / Channel allocations / REFSENS/ Duplex mode

	Operating Band
	SCS kHz
	Channel bandwidth (DL)
(MHz)
	Channel bandwidth (UL)
(MHz)
	FC (DL)
(MHz)
	FC (UL)
(MHz)
	UL
allocation (LCRB)
	REFSENS
(dBm)
	Duplex
Mode

	n71
	15
	35
	20
	634.5
	688.0
	252
	-85.5
	FDD

	
	30
	
	
	
	
	102
	-85.6
	

	
	60
	
	
	
	
	
	
	

	n71
	15
	35
	35
	634.5
	673.0
	252
	-71.6
	FDD

	
	30
	
	
	
	
	102
	-71.7
	

	
	60
	
	
	
	
	
	
	

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4
NOTE 2:	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 5.3.2-1)



Conclusion
In this contribution, we make proposals n1, n2, n25, n3, n7, n8, n66, n71 REFSENS requirements and associated test points. 

Proposal 1: n1 two antenna port Reference Sensitivity QPSK and Uplink Configuration tables.
Table 7.3.2-1: Two Antenna Port Reference Sensitivity QPSK PREFSENS 
	Operating Band
	SCS kHz
	45 MHz
(dBm)
	Duplex Mode

	n11
	15
	-90.1
	FDD

	
	30
	-90.1
	

	
	60
	-90.3
	

	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.


Table 7.3.2-3: Uplink Configuration for Reference Sensitivity
	Operating Band
	SCS kHz
	45 MHz
(dBm)
	Duplex Mode

	n11
	15
	1281
	FDD

	
	30
	641
	

	
	60
	301
	

	NOTE 1:	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 5.3.2-1).



Proposal 2: n3 two antenna port Reference Sensitivity QPSK and Uplink Configuration tables.
Table 7.3.2-1: Two Antenna Port Reference Sensitivity QPSK PREFSENS 
	Operating Band
	SCS kHz
	35 MHz
(dBm)
	45 MHz
(dBm)
	Duplex Mode

	n31
	15
	-87.5
	-85.1
	FDD

	
	30
	-87.6
	-85.2
	

	
	60
	-87.8
	-85.3
	

	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.


Table 7.3.2-3: Uplink Configuration for Reference Sensitivity
	Operating Band
	SCS kHz
	35 MHz
(dBm)
	45 MHz
(dBm)
	Duplex Mode

	n31
	15
	501
	501
	FDD

	
	30
	241
	241
	

	
	60
	101
	101
	

	NOTE 1:	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 5.3.2-1).



Proposal 3: n8 two antenna port Reference Sensitivity requirements and test points.
Table 7.3.2-1: Two Antenna Port Reference Sensitivity QPSK PREFSENS for n8 35MHz CBW.
	Operating band / SCS / Channel bandwidth / Channel allocations / REFSENS/ Duplex mode

	Operating Band
	SCS kHz
	Channel bandwidth (DL)
(MHz)
	Channel bandwidth (UL)
(MHz)
	FC (DL)
(MHz)
	FC (UL)
(MHz)
	UL
allocation (LCRB)
	REFSENS
(dBm)
	Duplex
Mode

	n8
	15
	35
	20
	942.5
	890.0
	252
	-85.1
	FDD

	
	30
	
	
	
	
	102
	-85.2
	

	
	60
	
	
	
	
	
	
	

	n8
	15
	35
	20
	942.5
	905.0
	252
	-70.6
	FDD

	
	30
	
	
	
	
	102
	-70.7
	

	
	60
	
	
	
	
	
	
	

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4
NOTE 2:	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 5.3.2-1)



Proposal 4: n25 and n2 antenna port Reference Sensitivity QPSK and Uplink Configuration tables.
Table 7.3.2-1: Two Antenna Port Reference Sensitivity QPSK PREFSENS 
	Operating Band
	SCS kHz
	35 MHz
(dBm)
	Duplex Mode

	n21
	15
	-87.1
	FDD

	
	30
	-87.2
	

	
	60
	-87.3
	

	n251
	15
	-86.1
	FDD

	
	30
	-86.2
	

	
	60
	-86.3
	


Table 7.3.2-3: Uplink Configuration for Reference Sensitivity
	Operating Band
	SCS kHz
	35 MHz
(dBm)
	Duplex Mode

	n21
	15
	401
	FDD

	
	30
	201
	

	
	60
	101
	

	n251
	15
	401
	FDD

	
	30
	201
	

	
	60
	101
	



For 45MHz CBW operation, two REFSENS test points are proposed (best-case and worst-case) as:
	Operating band / SCS / Channel bandwidth / Channel allocations / REFSENS/ Duplex mode

	Operating Band
	SCS kHz
	Channel bandwidth (DL)
(MHz)
	Channel bandwidth (UL)
(MHz)
	FC (DL)
(MHz)
	FC (UL)
(MHz)
	UL
allocation (LCRB)
	REFSENS
(dBm)
	Duplex
Mode

	n2
	15
	45
	40
	1967.5
	1885.0
	401
	-85.4
	FDD

	
	30
	
	
	
	
	201
	-85.5
	

	
	60
	
	
	
	
	101
	-85.6
	

	n2
	15
	45
	40
	1967.5
	1890.0
	401
	-81.6
	FDD

	
	30
	
	
	
	
	201
	-81.7
	

	
	60
	
	
	
	
	101
	-81.8
	

	n25
	15
	45
	40
	1972.5
	1890.0
	401
	-84.4
	FDD

	
	30
	
	
	
	
	201
	-85.5
	

	
	60
	
	
	
	
	101
	-85.1
	

	n25
	15
	45
	40
	1972.5
	1895.0
	401
	-81.0
	FDD

	
	30
	
	
	
	
	201
	-81.1
	

	
	60
	
	
	
	
	101
	-81.2
	

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4
NOTE 2:	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 5.3.2-1)




Proposal 5: n7 two antenna port Reference Sensitivity requirements and test points.

Table 7.3.2-1: Two Antenna Port Reference Sensitivity QPSK PREFSENS 
	Operating Band
	SCS kHz
	35 MHz
(dBm)
	Duplex Mode

	n71
	15
	-89.2
	FDD

	
	30
	-89.3
	

	
	60
	-89.4
	

	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.


Table 7.3.2-3: Uplink Configuration for Reference Sensitivity
	Operating Band
	SCS kHz
	35 MHz
(dBm)
	Duplex Mode

	n71
	15
	451
	FDD

	
	30
	201
	

	
	60
	101
	

	NOTE 1:	1Refers 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 5.3.2-1).



Proposal 6: n66 antenna port Reference Sensitivity QPSK and Uplink Configuration tables.
Table 7.3.2-1: Two Antenna Port Reference Sensitivity QPSK PREFSENS 
	Operating Band
	SCS kHz
	35 MHz
(dBm)
	45 MHz
(dBm)
	Duplex Mode

	n661
	15
	-90.7
	-89.6
	FDD

	
	30
	-90.8
	-89.7
	

	
	60
	-91.0
	-89.8
	

	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.


Table 7.3.2-3: Uplink Configuration for Reference Sensitivity
	Operating Band
	SCS kHz
	35 MHz
(dBm)
	45 MHz
(dBm)
	Duplex Mode

	n661
	15
	1801
	243
	FDD

	
	30
	901
	1001
	

	
	60
	401
	501
	

	NOTE 1:	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 5.3.2-1).



Proposal 7: Adopt the following n71 two antenna port Reference Sensitivity requirements and test points.

Table 7.3.2-1: Two Antenna Port Reference Sensitivity QPSK PREFSENS for n71 35MHz CBW.
	Operating band / SCS / Channel bandwidth / Channel allocations / REFSENS/ Duplex mode

	Operating Band
	SCS kHz
	Channel bandwidth (DL)
(MHz)
	Channel bandwidth (UL)
(MHz)
	FC (DL)
(MHz)
	FC (UL)
(MHz)
	UL
allocation (LCRB)
	REFSENS
(dBm)
	Duplex
Mode

	n71
	15
	35
	20
	634.5
	688.0
	252
	-85.5
	FDD

	
	30
	
	
	
	
	102
	-85.6
	

	
	60
	
	
	
	
	
	
	

	n71
	15
	35
	35
	634.5
	673.0
	252
	-71.6
	FDD

	
	30
	
	
	
	
	102
	-71.7
	

	
	60
	
	
	
	
	
	
	

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4
NOTE 2:	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 5.3.2-1)
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[1]	R4 2016864 WF on 35MHz and 45MHz REFSENS AMPR, Qualcomm Inc., Skyworks Solutions Inc., 3GPP TSG-RAN WG4 Meeting #97-e.
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[3] 	R4-2016010 n71 35MHz AMPR and MSD Measurements, Skyworks Solutions, Inc., 3GPP TSG-RAN WG4 Meeting #97e.


3GPP
image3.png
|03 35Miz and 45MHz DL CBW MSD

e | e ]

Mieszured T noiee n B band in channel level Pows) 3571 E 550
[ to X T t0 ANT dupleser rejection o] E £
Diplexerisol  LNAt snt insertion oss o] 0 0
[antenna izolstion o] © wlo 1w
i chinnel level: primary/diversity fantenns) 510 1010[ 840 940
primary/diversity s ) s

3 des! 8 scalea Refsens spec o] 82 E
sz fioor on] | 522 ser| 1 st
3 compsitaroise lgam] | =32 sei|sos w28
03 de senze s | os o1 |ass o3t
3 desense Wl | 12 10| 1s:2 108
seertinc uncor 58]

[stertanc corla] |





image4.emf
A

B

C

n8 UL n8 DL

880 915 925 960

20M 



Adj. Low

920

860

Adj. High

935

20M 



35 MHz 20 MHz

10MHz

35M 



Adj. High

25MHz DL 

overlap

950

860 880 900 920 940 960 980

f (

MHz

)

35 MHz

10MHz DL 

overlap

Adj. Low

875

Adj. High

845

862 832

n20 UL

Adj. High


image5.emf
-20

-15

-10

-5

0 10 20 30 40 50 60 70 80 90 100

20MHz UL Tx noise in 35MHz DL BW (dBm)

20MHz Case B Lcrb & UL channel closest to DL band


image6.png
[8 35MHz DL CBW MSD.
Case A20/35 Mz |Case 5.:20/35 MF:
[Measured Tx noise in R band in channel level (PAout) __[d8m] 60 53
[T duplexer isolation Td8] 50 50
[TicAntenna duplexer isolation (a5 50 50
[Giplexer isol / (NAto ant insertion loss. (a5 ) 2
[antenna isolation (a5 ) 10 ) 10
in channel levels: primary/diversity (antenna) 820 920 | 613 713
primary/diversity (; ) 051

s ideal RB scaled Refsens spec [dBm] 882 882
noise floor [dem] | 842 | Be2 | sz san
08 composite noise. [9em] | 800 836 | e13 711
8 de-sense a8 a2 07 | 225 131

[after MRC uncor [d8]
[afer MRC cor [dB]





image7.emf
-60

-55

-50

-45

-40

-35

-30

-25

-20

0 50 100 150 200

n25/n2 Tx noise level 

[dBm/33.855MHz]

Lcrb with UL RB allocation closest to DL band [RB]


image8.emf
1850MHz 1915MHz 1930MHz 1995MHz

40MHz 



15 MHz

1850 1870 1890 1910 1930 1950 1970

f (

MHz

)

45 MHz

10MHz DL 

overlap

n25 UL

45MHz Uplink

C

45MHz Downlink

B

40 MHz

40MHz 



Adj. Low

A

40 MHz

5MHz DL 

overlap

n25 DL

1990

Adj. Low

Adj. Low

Adj. High

Adj. High

Adj. High


image9.emf
-50

-45

-40

-35

-30

-25

-20

-15

-10

-5

0

0 50 100 150 200 250

n25/n2  

Case A

Tx UL 40MHz noise 

level worst case [dBm/43.755MHz]

Lcrb with UL RB allocation closest to DL band [RB]


image10.emf
-50

-45

-40

-35

-30

-25

-20

-15

-10

-5

0

0 50 100 150 200 250

n25/n2 

Case B

Tx UL 40MHz noise 

level worst case [dBm/43.755MHz]

Lcrb with UL RB allocation closest to DL band [RB]


image11.emf
-40

-35

-30

-25

-20

-15

-10

-5

0

0 50 100 150 200 250 300

n25/n2  

Case C 

Tx noise level 

[dBm/43.755MHz]

Lcrb with UL RB allocation closest to DL band [RB]


image12.png
n25 35/45MHz DL CBW MSD
Case A:40/45MHz | CaseB: Case C:45/45 MHz 35MHz
Measured Tx noise in Rx band in channel level (PAout) [dem] 370 -18.0 -40.00
[Tx-Rx duplexer isolation [d8] 50 50 50
[Tx-Antenna duplexer isolation [d8] 50 50 50
[diplexer isol / LNA to ant insertion loss [d8] a a 4 a
[antenna isolation [d8] o 10 o 10 o 10 o | 10
in channel levels: primary/diversity (antenna) - 80 930 | 750 850 [ 640 740 | -860 3.0
[n71ideal Re scaled Refsens spec [dBm] -86.6 -86.6 -86.6 -81.7
noise floor [Bml | 826 826 | 826 826 | 826 826 | 837 837
n71 composite noise Bml | 798 822 | 743 806 | 635 734 | 817 835
n71 de-sense [d8] 28 04 83 20 | 1866 916 | 20 02

after MRC uncor [dB]
[after MRC cor [dB]





image13.png
n2 35/45MHz DL CBW MSD
Case A:40/45MHz | Case B:40/45MHz | Case 35MHz
Measured Tx noise in Rx band in channel level (PAout) [dem] 370 23,0 -40.00
[Tx-Rx duplexer isolation [d8] 50 50 50
[Tx-Antenna duplexer isolation [d8] 50 50 50 50
[diplexer isol / LNA to ant insertion loss [d8] 4 a 4 a
[antenna isolation [d8] [ 10 [ 10 [ 10 o | 10
in channel levels: primary/diversity (antenna) - 80 930 | 750 850 [ 640 740 | -860 3.0
|n71 ideal Re scaled Refsens spec [dBm] 881 881 881 -83.2
noise floor [oBml | -8a1 | 841 | 841 | a1 | 841 841 | 852 852
n71 composite noise [Bml | 805 836 | 745 815 | -640 736 | 826 849
n71 de-sense [d8] 36 05 5.6 26 | 2014 1050 | 26 03

after MRC uncor [dB]
after MRC cor [dB]





image14.emf
A

B

C

n71 DL n71 UL

617 652 663 698

n29 n12 DL

717 728

749

#37

608 614

20M 



Adj. High Adj. Low

718

658

Adj. High Adj. Low

703

643

20M 



35MHz 20MHz

11MHz

19MHz

1MHz  n29 

overlap

35M 



Adj. High Adj. High

24MHz DL 

overlap

628

733

Fulln29

overlap

729

600 620 640 660 680 700 720 740

f(

MHz

)

35MHz

9MHz DL 

overlap


image15.emf
-20

-15

-10

-5

0 10 20 30 40 50 60 70 80 90 100

20MHz UL Tx noise in 35MHz DL BW (dBm)

20MHz Case B Lcrb & UL channel closest to DL band


image16.png
[n71 35MHz DL CBW MSD
Case A:20/35MHz | Case B :20/35 MHz

Measured Tx noise in Rx band in channel level (PAout) [dBml 368 164
[Tx-Rx duplexer isolation [d8] 55 55
[Tx-Antenna duplexer isolation [d8] 50 50
[diplexer isol / LNA to ant insertion loss [d8] 4 a
[antenna isolation [d8] [ 10 [ 10
in channel levels: primary/diversity (antenna) - 878 | 928 | 674 ;a4
n71 ideal RB scaled Refsens spec [dBm] 884 884
noise floor [0Bml | 844 844 | 44 44
n71 composite noise 0Bml | 828 838 | 673 72
n71 de-sense [d8] 17 06 7.1 123

after MRC uncor [dB]
[after MRC cor [dB]





image1.emf
-60

-55

-50

-45

-40

-35

-30

-25

-20

0 50 100 150 200

n3 Tx noise level 

[dBm/33.855MHz]

Lcrb with UL RB allocation closest to DL band [RB]


image2.emf
-60

-55

-50

-45

-40

-35

-30

-25

-20

-15

0 50 100 150 200 250 300

n3 Tx noise level 

[dBm/43.755MHz]

Lcrb with UL RB allocation closest to DL band [RB]


