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[bookmark: _Toc68256126]1	Introduction
[bookmark: _GoBack]This document presents power amplifier (PA) noise measurements to finalize 35-45MHz REFSENS requirements for bands n2, n3, n8, n25 and n71 based on WF agreement [1].

[bookmark: _Toc42512456][bookmark: _Toc46352949][bookmark: _Toc49772668][bookmark: _Toc68256127]2	Discussion
[bookmark: _Toc46352950][bookmark: _Toc68256128]Measurement procedure and PA calibration are identical to those previously published in [2]. In [2], for each band and each channel bandwidth, we reported the measured PA noise level in receiver band using two PA input signal source noise floors: 1) ideal RF transmit modulator noise level in Rx band corresponding to noise floor close or below thermal noise, 2) test equipment noise floor in Rx band whose level is estimated between -135 and -141dBm/Hz based on manufacturer datasheet. We considered the results obtained using test equipment noise level were not representative of modern SAW-less RF transceivers. This is why we proposed a “compromised” mid-way point between the levels measured using the ideal signal source and the levels obtained with the RF signal generator noise levels. Our motivation was to ensure the REFSENS requirements were not too optimistic. This mid-way point was equivalent to an RF transceiver noise floor at the receiver band frequency offset of approximately -145 dBm/Hz. It should be noted that, in addition to these considerations, due to 1dB MPR PA calibration, all noise measurements under an ACLR of -27dBc, i.e., 3dB out of specifications. All other RF transceiver impairments are applied to the PA input signal waveform, namely: image rejection, local oscillator rejection, third order and fifth order counter-intermodulation products. Despite all these margins, most of the proposed REFSENS levels were below the REFSENS of the CBW immediately lower to the CBW under study. It was agreed in WF [1] that this is not acceptable. So, this discussion paper proposes REFSENS based on maximum sensitivity degradation (MSD) difference (ΔMSD) between previously agreed REFSENS levels for bands n2/n25 and n3. For n8 and n71, we reproduce here test results from [2], opting for the best-case cell deployment scenario due to the exceptional spectrum allocation.
2.1	n2/n25 35/45MHz
[bookmark: _Toc46352951]We observe that n25 30MHz REFSENS level at SCS15kHz is equivalent to 6.2dB MSD and 40MHz REFSENS to 7.6dB MSD. We propose to adopt 6.0dB MSD for 35MHz, a significantly higher MSD than our measurements [2]. This compromise is made to ensure REFSENS level for 35MHz is not lower than that of 30MHz. 
For 45MHz, considering this channel BW is not the full band bandwidth, operators may still have to operate this CBW under worst case conditions of asymmetric 40MHz UL and 45MHz downlink. We therefore propose to adopt the REFSENS corresponding to the worst case 40MHz UL, i.e. the case where the distance separating the UL carrier to the DL carrier is lowest. Our measurements in [2] indicated a 6.5dB MSD for n2 and 5.6dB for n25, leading to n25 REFSENS lower than baseline 40MHz levels. We propose to adopt 7.5dB MSD for both bands at 30MHz UL/45MHz DL REFSENS.
Proposal 1: Adopt the following n2 and n25 antenna port Reference Sensitivity QPSK and Uplink Configuration tables.

[bookmark: _Toc68256166]Table 1 Two Antenna Port 35MHz Reference Sensitivity QPSK PREFSENS 
	Operating Band
	SCS kHz
	35 MHz
(dBm)
	Duplex Mode

	n21
	15
	-83.2
	FDD

	
	30
	-83.3
	

	
	60
	-83.4
	

	n251
	15
	-81.7
	FDD

	
	30
	-81.8
	

	
	60
	-81.9
	



[bookmark: _Toc68256167]Table 2 Uplink Configuration for 35MHz 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
	

	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: _Toc68256168]Table 3 Two Antenna Port asymmetric 40MHz Uplink / 45MHz Downlink Reference Sensitivity QPSK PREFSENS and Uplink configuration table
	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
	1890.0
	401
	-80.6
	FDD

	
	30
	
	
	
	
	201
	-80.7
	

	
	60
	
	
	
	
	101
	-80.8
	

	n25
	15
	45
	40
	1972.5
	1895.0
	401
	-79.1
	FDD

	
	30
	
	
	
	
	201
	-79.2
	

	
	60
	
	
	
	
	101
	-79.3
	

	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)



[bookmark: _Toc68256129]2.2	n3 35MHz/45MHz
For 35MHz, we reiterate our previous proposal of 0.7dB MSD calculated assuming an equivalent RF transceiver noise floor at the Rx band frequency offset of -145 dBm/Hz in addition to all other sources of RF impairments.
For 45MHz, we measured 1.5dB MSD for n3 40MHz REFSENS [3] and 2.0dB for 45MHz REFSENS [2]. As agreed in WF [1], we make this proposal by applying the resulting 0.5 dB ΔMSD to the legacy 40MHz REFSENS level.
Proposal 2: Adopt the following n3 antenna port Reference Sensitivity QPSK and Uplink Configuration tables.
[bookmark: _Toc68256169]Table 4 Two Antenna Port 35 and 45MHz Reference Sensitivity QPSK PREFSENS 
	Operating Band
	SCS kHz
	35 MHz
(dBm)
	45 MHz
(dBm)
	Duplex Mode

	n3
	15
	-87.5
	-81.8
	FDD

	
	30
	-87.6
	-81.9
	

	
	60
	-87.8
	-82.0
	



[bookmark: _Toc68256170]Table 5 Uplink Configuration for 35 and 45MHz 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: _Toc68256130]2.3	n8 35MHz
As discussed during the last RAN4 meeting, since 35MHz is the full bandwidth of frequency band n8, this means the operators has no constraints for the configuration of the UL RF carrier channel with band n8. Considering this exceptional cell configuration, we believe it would be in the operator’s interest to select the UL 20MHz channel which is at the furthest distance away from the DL 35MHz Channel. This ensures minimum desensitization and therefore enhances link budget. This approach has limitations and impact on specifications:
1) We realize that, in cases where the 35MHz DL n8 cells are deployed at the edge of a tracking area whose neighbours’ cells are no longer the sole property of a given operator, some constraints on uplink channel allocation may occur and the best-case scenario assumption may no longer hold.
2) Adopting either worst-case MSD or best-case MSD impacts the default Tx-Rx carrier centre frequency separation for band n8 (and n71). So, the impact on specifications extends beyond REFSENS. 
Observation 1: 
· 35MHz CBW in a 35MHz wide frequency band is an exceptional cell deployment scenario. In this case, the operator may not be constrained as to which UL channel is configured in the cell, in which case adopting worst case REFSENS test points may not be realistic or beneficial.
· Adopting best-case REFSENS test points optimizes link budget performance but this assumption may no longer hold for cells configured at the edge of a tracking area whose neighbours’ cells may have constraints on UL channel configuration,
· Adopting either worst-case or best-case REFSENS test points has an impact on the default Tx-Rx separation specifications for band n8 (and n71) - Table 5.4.4-1. 
· Adopting WF “middle-case” where the UL 20MHz is configured at the duplex distance from the DL 35MHz is a good compromise to minimize the impact on specifications and on REFSENS performance.
Keeping in mind the impact and limitations of worst/best case test points, we make proposal below to adopt “middle-case” REFSENS test points, i.e. UL 20MHz configured at the duplex distance from DL 35MHz. Tx noise measurement for best-middle-worst cases are summarized in Table 6 below. The MSD for middle case is estimated at 8.9 dB, we propose to adopt 9dB MSD.
[bookmark: _Ref68254911][bookmark: _Toc68256171]Table 6: n8 asymmetric UL 20MHz/DL 35MHz MSD for case best-case (A), worst-case (B) and "middle-case" (C) asymmetric UL 20MHz/DL 35MHz.
[image: ]

Proposal 3: Adopt the following n8 antenna port Reference Sensitivity QPSK and Uplink Configuration tables.
[bookmark: _Toc68256172]Table 7 Two Antenna Port asymmetric 30MHz Uplink / 35MHz Downlink Reference Sensitivity QPSK PREFSENS and Uplink configuration table
	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
	-79.2
	FDD

	
	30
	
	
	
	
	102
	-79.3
	

	
	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)



[bookmark: _Toc68256131]2.3	n71 35MHz
For the same reasons as for n8, we propose to adopt “middle-case” test points corresponding to UL20MHz carrier positioned at the duplex offset from the DL 35MHz carrier. Tx noise measurement for best-middle-worst cases are summarized in Table 8 below. The MSD for middle case is estimated at 7.6 dB.
[bookmark: _Ref68255747][bookmark: _Toc68256173]Table 8 n71 asymmetric UL 20MHz/DL 35MHz MSD for case best-case (A), worst-case (B) and "middle-case" (C) asymmetric UL 20MHz/DL 35MHz.
[image: ]
Proposal 4: Adopt the following n71 antenna port Reference Sensitivity QPSK and Uplink Configuration tables.
[bookmark: _Toc68256174]Table 9 Two Antenna Port asymmetric 30MHz Uplink / 35MHz Downlink Reference Sensitivity QPSK PREFSENS and Uplink configuration table
	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
	680.5.0
	252
	-80.8
	FDD

	
	30
	
	
	
	
	102
	-80.9
	

	
	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)



3	Conclusion
In this contribution, we make proposals n2, n3, n8, n25, n71 REFSENS requirements and associated test points. For n8 and n71, we propose to adopt middle point REFSENS test points based on observation 1 concerns that adopting worst-case of best-case will have impacts on Default Tx-Rx separation specifications. Middle point seems the best compromise solution.
Observation 1: 
· 35MHz CBW in a 35MHz wide frequency band is an exceptional cell deployment scenario. In this case, the operator may not be constrained as to which UL channel is configured in the cell, in which case adopting worst case REFSENS test points may not be realistic or beneficial.
· Adopting best-case REFSENS test points optimizes link budget performance but this assumption may no longer hold for cells configured at the edge of a tracking area whose neighbours’ cells may have constraints on UL channel configuration.
· Adopting either worst-case or best-case REFSENS test points has an impact on the default Tx-Rx separation specifications for band n8 (and n71) - Table 5.4.4-1. 
· Adopting WF “middle-case” where the UL 20MHz is configured at the duplex distance from the DL 35MHz is a good compromise to minimize the impact on specifications and on REFSENS performance.
Proposal 1: Adopt the following n2 and n25 antenna port Reference Sensitivity QPSK and Uplink Configuration tables.

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

	n21
	15
	-83.2
	FDD

	
	30
	-83.3
	

	
	60
	-83.4
	

	n251
	15
	-81.7
	FDD

	
	30
	-81.8
	

	
	60
	-81.9
	



Table 2 Uplink Configuration for 35MHz 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
	

	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)



Table 3 Two Antenna Port asymmetric 40MHz Uplink / 45MHz Downlink Reference Sensitivity QPSK PREFSENS and Uplink configuration table
	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
	1890.0
	401
	-80.6
	FDD

	
	30
	
	
	
	
	201
	-80.7
	

	
	60
	
	
	
	
	101
	-80.8
	

	n25
	15
	45
	40
	1972.5
	1895.0
	401
	-79.1
	FDD

	
	30
	
	
	
	
	201
	-79.2
	

	
	60
	
	
	
	
	101
	-79.3
	

	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 2: Adopt the following n3 antenna port Reference Sensitivity QPSK and Uplink Configuration tables.
Table 4 Two Antenna Port 35 and 45MHz Reference Sensitivity QPSK PREFSENS 
	Operating Band
	SCS kHz
	35 MHz
(dBm)
	45 MHz
(dBm)
	Duplex Mode

	n3
	15
	-87.5
	-81.8
	FDD

	
	30
	-87.6
	-81.9
	

	
	60
	-87.8
	-82.0
	



Table 5 Uplink Configuration for 35 and 45MHz 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: Adopt the following n8 antenna port Reference Sensitivity QPSK and Uplink Configuration tables.
Table 7 Two Antenna Port asymmetric 30MHz Uplink / 35MHz Downlink Reference Sensitivity QPSK PREFSENS and Uplink configuration table
	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
	-79.2
	FDD

	
	30
	
	
	
	
	102
	-79.3
	

	
	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: Adopt the following n71 antenna port Reference Sensitivity QPSK and Uplink Configuration tables.
Table 9 Two Antenna Port asymmetric 30MHz Uplink / 35MHz Downlink Reference Sensitivity QPSK PREFSENS and Uplink configuration table
	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
	680.5.0
	252
	-80.8
	FDD

	
	30
	
	
	
	
	102
	-80.9
	

	
	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)




[bookmark: _Toc68256132]References
[1] R4-2103187, WF on REFSENS for 35MHz and 45MHz, 3GPP TSG-RAN WG4 #98-e, Online, Electronic Meeting, 25 Jan – 5 Feb, 2021, Qualcomm Incorporated, Skyworks Solutions Inc.
[2] R4-2102927, 35MHz 45MHz REFSENS, 3GPP TSG-RAN WG4 #98-e, Online, Electronic Meeting, 25th January– 5th February 2021, Skyworks Solutions Inc.
[3] R4-2008134, 40MHz REFSENS Measurements, 3GPP TSG-RAN WG4 Meeting #95-e, Electronic Meeting, 25 May – 6 June, 2020, Skyworks Solutions Inc.
image1.png
n8 35MHz DL CBW MSD

Case A best :20/35 MHz

Case B worst:20/35 MHz

Case C middle :20/35 MHz

after MRC

cor [dB]

Measured Tx noise in Rx band in channel level (PAout) ___[dBm]

Tx-Rx duplexer isolation [d8] 50 50 50

Tx-Antenna duplexer isolation [dB] 50 50 50

diplexer isol / LNA to ant insertion loss [dB] ) ) )

antenna isolation [dB] 0 10 0 10 0 10

in channel levels: primary/diversity (antenna) 8] 820 920 613 713 715 815
[n8 ideal RB scaled Refsens spec [dBm] -88.2 -88.2 -88.2

noise floor [dBm] 842 842 842 842 842 842

8 composite noise [dBm] -80.0 836 613 711 713 796

n8 de-sense [d8] 12 0.7 229 131 12.96 459
o iic En g

| 89





image2.png
n71 35MHz DL CBW MSD
Case A best :20/35 MHz | _Case B worst:20/35 MHz_| Case C middle :20/35 MHz

Measured Tx noise in Rx band in channel level (PAout) [dBm] 36.8 -16.4 26.7

Tx-Rx duplexer isolation [dB] 55 55 55

Tx-Antenna duplexer isolation [dB] 50 50 50

diplexer isol / LNA to ant insertion loss [dB] 4 4 4

antenna isolation [dB] 0 10 0 10 0 10

in channel levels: primary/diversity (antenna) (a8] -87.8 92.8 -67.4 72.4 77.7 -82.7

n71 ideal RB scaled Refsens spec [dBm] -88.4 -88.4 -88.4

noise floor [dBm] 84.4 84.4 84.4 84.4 844 844

n71 composite noise [dBm] -82.8 -83.8 67.3 72.2 76.9 -80.5

n71 de-sense [dB] 17 0.6 17.1 123 7.57 3.97

after MRC uncor [dB]

after MRC cor [dB]





