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[bookmark: _Toc68256126]1	Introduction
This document presents power amplifier (PA) noise measurements for n5 25MHz channel bandwidth (CBW) REFSENS based on WF [1]. For 25MHz downlink operation, we propose to restrict n5 UL operation to 20MHz CBW. We discuss the need to study A-MPR requirements for 20MHz.
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2.1	Background on Large CBW REFSENS
WF invites companies to evaluate n5 25MHz REFSENS for several configuration options:
· Symmetric uplink (UL)/downlink (DL) 25MHz/25MHz; and
· Asymmetric UL/DL 20MHz/25MHz.
In the asymmetric UL/DL case, the situation for n5 25MHz is similar to studies for n8 and n71 35MHz where 3 sub-cases are discussed at this meeting:
· Best-case: case where the 20MHz UL carrier is located at the highest separation distance from the DL 25MHz;
· “Middle-case”: case where the UL/DL carrier separation is equal to the n5 Tx-Rx frequency separation of 45MHz (38.101-1 Table 5.4.4-1); and
· Worst-case: case where the 20MHz UL carrier is located at the lowest separation distance from the DL 25MHz.
Considering the similarities, we make the following observation for n5 25MHz operation:
Observation: 
· Operation of band n5 25MHz CBW in a 25MHz wide frequency band is an exceptional cell deployment scenario. In such deployments, 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 neighbors’ 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 - Table 5.4.4-1. 
· Adopting WF “middle-case” where the UL 20MHz is configured at the Tx-Rx frequency separation distance of 45MHz from the DL 25MHz is a good compromise to minimize the impact on specifications and on the adoption of a “mid-point” REFSENS performance.
We present measurements results for each scenario and propose to adopt the “middle-case” REFSENS test point.
2.2	Background on A-MPR for co-existence with Public Safety
WF [1] invites companies to evaluate need for A-MPR to ensure protection of Public Safety (PS) services for both symmetric n5 UL 25MHz/DL 25MHz and for asymmetric case of UL 20MHz/DL 25MHz. We note that for band n26, similar studies have been completed and A-MPR is specified for NS_12, NS_13, NS_14 and NS_15. For 20MHz, the n26 A-MPR is <= 9dB and <=10.5dB for QPSK DFT-s-OFDM and CP-OFDM respectively. 
[bookmark: _Toc46352951]2.3	n5 25MHz MSD and REFSENS
2.3.1	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; and
· C-IM3: -60dBc, C-IM5: -70dBc.

For REFSENS estimations, we assume:
· 50 dB Tx to RX and Tx to Antenna duplexer rejection in Rx band; 
· 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.
[bookmark: _Toc68256130]2.3.2	Measurement Results
We measure Tx noise in Rx band with Lcrb=20 RBs located as close as possible to the downlink operating band for 20MHz and 25MHz uplink channel bandwidth. Tx noise measurements for symmetric 25MHz/25MHz and asymmetric best-middle-worst cases are summarized in Table 1 below. The MSD ranges from 2.6dB to 15.1dB. As discussed in the background section, we propose to adopt middle case 6dB MS.
[bookmark: _Ref68254911][bookmark: _Toc68256171]Table 1: n5 asymmetric UL 20MHz/DL 25MHz MSD for case best case (A), worst-case (B) and "middle-case" (C) and symmetric UL 25MHz/DL 25MHz.
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[bookmark: _Toc68256172]Proposal 1: For 25MHz n5 downlink operation, restrict the n5 uplink channel bandwidth to 20MHz, with UL carrier configured so that the default Tx-Rx frequency separation of 45MHz is met and adopt the following Reference Sensitivity QPSK and Uplink Configuration table.
Table 2 Two Antenna Port asymmetric n5 20MHz Uplink / 25MHz 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
	25
	20
	881.5
	836.5
	202
	-84.7
	FDD

	
	30
	
	
	
	
	102
	-84.8
	

	
	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)



2.4	n5 25MHz A-MPR Measurements
To address WF [1] agreement on A-MPR, we consider the following three PS ranges:
· Range 1 (806 ≤ f ≤ 813.5) additional emissions requirements: -42dBm/6.25kHz, 
· Range 2 (806 ≤ f ≤ 816) additional emissions requirements: -42dBm/6.25kHz,
· Range 3 (851 ≤ f ≤ 859) additional emissions requirements: -53dBm/6.25kHz.
Due to lack of time, we are unable to publish the measured raw PA back-off required to meet each PS protection levels.
However, considering n26 A-MPR is already quite high when UL is configured at 20MHz, it is anticipated that the required A-MPR for n5 25 MHz places this band in a situation similar to n71 uplink 35MHz: operating the UL band at the full 25MHz CBW brings double link budget penalties:
· In the downlink, at least 15dB REFSENS penalty may occur; and
· In the uplink, more than 9dB and 10.5 dB back-off is needed for QPSK DFT-s-OFDM and CP-OFDM respectively.
For downlink 25MHz deployments, it is therefore proposed to restrict n5 UL CBW to 20MHz, with the UL 20MHz channel configured so that the default Tx-Rx frequency separation of 45MHz is met. It remains to clarify the regional regulations to protect PS when n5 is operated at CBW of 5,10,15 and 20MHz.
Proposal 2: For 25MHz n5 downlink operation, restrict n5 uplink CBW to 20MHz, with UL carrier configured so that the default Tx-Rx frequency separation of 45MHz is met. We encourage companies to provide background information on the need to further study n5 A-MPR to protect PS bands when n5 is operated at 5,10,15 and 20MHz CBW.
3	Conclusion
In this contribution, we make proposals n5 25MHz REFSENS requirements and associated test points. Considering the high MSD resulting from symmetrical 25MHz/25MHz operation and the high transmit power back-off needed to protect PS bands, it is proposed to restrict n5 uplink CBW to 20MHz. 
We therefore make the following proposals:
Proposal 1: For 25MHz n5 downlink operation, restrict the n5 uplink channel bandwidth to 20MHz, with UL carrier configured so that the default Tx-Rx frequency separation of 45MHz is met, and adopt the following Reference Sensitivity QPSK and Uplink Configuration table.
Table 3 Two Antenna Port asymmetric n5 20MHz Uplink / 25MHz 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
	25
	20
	881.5
	836.5
	202
	-84.7
	FDD

	
	30
	
	
	
	
	102
	-84.8
	

	
	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 2: For 25MHz n5 downlink operation, restrict n5 uplink CBW to 20MHz, with UL carrier configured so that the default Tx-Rx frequency separation of 45MHz is met. We encourage companies to provide background information on the need to further study n5 A-MPR to protect PS bands when n5 is operated at 5,10,15 and 20MHz CBW.
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