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Introduction
As part of the work to specify requirements PC2 FDD bands, companies have previously evaluated band-specific reference sensitivity degradation (RSD) to quantify the impact of higher transmit noise into the receiver.  On the transmit side, some bands will also require study of A-MPR in case the higher transmit power and resulting noise produces unwanted emissions into protected frequency ranges.  This contribution provides results of RSD for PC2 in Bands n8 and n28.  A-MPR is still under study.
Discussion
A basket work item has been agreed to specify PC2 FDD bands with the latest approved version in [1].  The following bands are included in this basket
	NR FDD band

	contact
name, company
	Contact email
	other supporting companies
(min. 3)
	status
(new, ongoing, completed, stopped)

	n8
	Basaier Jialade, China Unicom
	basejld@chinaunicom.cn
	CATT, Huawei, HiSilicon, ZTE, Sanechips, China Telecom
	completed for PC3, new for PC2

	n5
	Basaier Jialade, China Unicom
	basejld@chinaunicom.cn
	CATT, SKT, Huawei, HiSilicon, ZTE, Sanechips, China Telecom
	completed for PC3, new for PC2

	n28
	Basaier Jialade, China Unicom
	basejld@chinaunicom.cn
	CATT, Huawei, HiSilicon, ZTE, Sanechips
	completed for PC3, new for PC2

	n26
	Frank Savaglio, Telstra
	frank.savaglio@team.telstra.com
	Qualcomm, Ericsson, Huawei, Hisilicon
	completed for PC3, new for PC2

	n25
	Bill Shvodian, T-Mobile USA
	bill.shvodian@t-mobile.com
	Ericsson, Nokia, Nokia Shanghai Bell
	completed for PC3, new for PC2

	n66
	Bill Shvodian, T-Mobile USA
	bill.shvodian@t-mobile.com
	Ericsson, Nokia, Nokia Shanghai Bell
	completed for PC3, new for PC2

	n71
	Bill Shvodian, T-Mobile USA
	bill.shvodian@t-mobile.com
	Ericsson, Nokia, Nokia Shanghai Bell
	completed for PC3, new for PC2

	n85
	Bill Shvodian, T-Mobile USA
	bill.shvodian@t-mobile.com
	Ericsson, Nokia, Nokia Shanghai Bell
	completed for PC3, new for PC2

	n2
	Zheng Zhao, Verizon
	zheng.zhao@verizonwrieless.com
	Ericsson, Samsung, Qualcomm
	completed for PC3, new for PC2

	n13
	Zheng Zhao, Verizon
	zheng.zhao@verizonwrieless.com
	Ericsson, Samsung, Qualcomm
	completed for PC3, new for PC2



So far, reference sensitivity degradation for Band n8 has been studied with a summary of results provided in TR 38.396 v0.1.0[2].  It is well understood that due to the higher transmission power for PC2, the receiver may be subjected to higher noise especially for bands where the Tx-Rx separation is only a small multiple of the bandwidth of the transmission.  Increased noise results from transmit spectral regrowth from the PA and the transceiver, spurious products, folding products, and IP2 noise in the receiver.  RAN4 has agreed to reflect the impact of the additional noise as a reference sensitivity degradation (RSD) relative to the specified reference sensitivity for PC3.  Moreover, RSD is available separately for single Tx and dual Tx diversity PC2 UE’s with larger degradation for dual Tx architectures under RAN4 assumptions such as 10 dB antenna isolation.  While the first FDD bands to be specified for PC2 were mid frequency bands n1 and n3, low frequency bands whose PA, coupling, and noise terms may differ from mid-bands are now under study as a part of this work item.
The results provided so far extracted from [2] are copied below for convenience
[bookmark: OLE_LINK13][bookmark: OLE_LINK6]Table 5.1.3-1: Reference Sensitivity Degradation from PC3 to PC2 for FDD bands for UE not supporting Tx Diversity
	
	Operating Band
	5
MHz
(dB)
	10
MHz
(dB)
	15
MHz
(dB)
	20
MHz
(dB)
	25
MHz
(dB)
	30 MHz (dB)
	35 MHz (dB)
	40
MHz
(dB)
	45 MHz (dB)
	50
MHz
(dB)

	R4-2219723
	n8
	[0.2]
	[0.2]
	[0.4]
	[4.1]
	-
	-
	[2.9]
	-
	-
	-

	R4-2218113
	n8
	0
	0
	TBC
	TBC
	-
	-
	2.8
	-
	-
	-

	
	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4



[bookmark: OLE_LINK15]Table 5.1.3-2: Reference Sensitivity Degradation from PC3 to PC2 for FDD bands for UE supporting Tx Diversity
	
	Operating Band
	5
MHz
(dB)
	10
MHz
(dB)
	15
MHz
(dB)
	20
MHz
(dB)
	25
MHz
(dB)
	30 MHz (dB)
	35 MHz (dB)
	40
MHz
(dB)
	45 MHz (dB)
	50
MHz
(dB)

	R4-2215893
	[bookmark: OLE_LINK19]n8
	0.5
	0.6
	1.2
	5.0
	-
	-
	6.7
	-
	-
	-

	R4-2215661
R4-2218113
	n8
	0
	0
	0.9
	6.2
	-
	-
	8.1
	-
	-
	-

	R4-2219723
	n8
	[1.0]
	[1.0]
	[1.1]
	[5.0]
	-
	-
	[4.6]
	-
	-
	-

	R4-2219869
	n8
	0
	0
	1
	5.4
	-
	-
	7.2
	-
	-
	-

	
	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2G.4



Reference sensitivity degradation
In general, the approach used in this study to derive the reference sensitivity degradation relative to PC3 is a combination of measurements in nominal conditions such as PA noise and transceiver noise and analytical calculation based on worst case parameter settings such as duplexer isolation, antenna isolation, spurious products, PA gain, etc.  In some instances, direct measurements were not available so results were extrapolated or inferred based on the data available.  This is described below.  These measurements and calculations were performed for both PC3 and PC2.  In order to maintain the same margins to the reference sensitivity requirement under these conditions for PC2 as for PC3, the difference in reference sensitivity between PC2 and PC3 was subtracted and is proposed to be included as a reference sensitivity degradation specification.  
To evaluate the reference sensitivity degradation relative to PC3 specifications, measurements of the increased noise were conducted with PC2 output power levels.  In the PC2 Tx gain line-up, the transceiver output was measured for PC3, but not modeled differently from PC3 to PC2, in other words, the output signal and the noise level are expected to be the same at the output of the transceiver.  However, the PA gain is expected to increase to support the higher output power thereby amplifying both signal and noise at the output of the transceiver.  Therefore, the transceiver noise at the PA output was calculated based on the measurement and anticipated gain of the PC2 PA.  Noise from PA spectrum regrowth falling into the receive band was also measured.  A PC3 APT PA was configured to emulate PC2 performance by raising its supply voltage and adjusting its ICQ bias.  ACLR margin was approximately commensurate with PC3 margins in nominal conditions; i.e., the PA was not driven to a 3GPP specified ACLR limit as is often done to model a worst case PA.  Instead, PC3 margins for reference sensitivity are observed with the objective to retain the same margins for PC2.  To estimate ET PA operation, the noise difference in dB from ET to APT was observed for PC3 and applied equally to PC2.  From the PA output, the duplexer isolation was assumed to be 50 dB while the Rx side was assumed to be 55 dB.   Other sources of noise such as baseband spurious products and IM2 due to receiver IP2 were calculated based on design parameters and added into the reference sensitivity calculation which assumes dual receivers with maximum ratio combining in the baseband.  
For dual Tx, the power level of each PA is maintained at PC3 level but there are additional sources of noise and degradation to be considered.  Both the primary and diversity receive paths now experience transmitter noise since each path consists of a transmitter.  Additionally, the cross coupling and reverse IMD has been found to degrade performance primarily through a leakage path from PA output to output with an assumed antenna isolation of 10 dB.  The RIMD degradation has traditionally been measured in the lab since mathematical models for simulation have not been derived.  In this case, a direct measurement was not pursued but instead an offset was added to the RSD to reflect the additional noise caused by RIMD relative to other noise sources.  The offset was calculated according to previous internal measurements of desense for an UL MIMO (multiple PA) configuration isolating the impact of RIMD by subtracting out the thermal noise component as a function of bandwidth.  
The RSD results are summarized below
	Operating Band
	UE architecture
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	35 MHz

	n8
	1Tx
	0.8
	0.6
	0.7
	1.8
	-
	-
	1.8

	n8
	2Tx
	1.5
	1.5
	2.2
	6.5
	-
	-
	5.9

	n28
	1Tx
	0.8
	0.6
	0.6
	1.2
	2.2
	2.4
	-

	n28
	2Tx
	1.9
	1.8
	2.1
	4.4
	7.0
	7.3
	-



A-MPR
NS_43 and NS_43U merit study for PC2 in Band n8.  Similarly, NS_17 and NS_18 are applicable to Band n28.  For PC2, the A-MPR regions may need to be adjusted with the possibility that new regions will be required.  Study is currently ongoing but results are not yet available at the time of this writing.
Conclusion
Reference sensitivity degradation for Bands n8 and n28 has been studied for PC2 using PA and transceiver measurements and calculation.  A study of A-MPR is still ongoing; results are not yet available.
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