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1	Introduction
In RAN4#101-e, a WF [1] on PC2 FDD was agreed, and MSD is one of the remaining issues. The agreements on the way forward are duplicated below, which were used as the basis for the analysis presented in this paper.
·  Companies need more time to check MSD requirements for n1 and n3 PC2 under 1Tx and 2Tx architecture.
· PC2 MSD:
· Option 1: Use PC3 REFSENS requirements as reference point, FFS if “MSD” is appropriate to capture PC2 REFSENS level, e.g.  use DeltaPC2_REFSENS instead of PC2 MSD.
· Option 2: Define PC2 MSD using ideal RB scaled REFSENS level as reference point.

2	Discussion
As shown in TR 38.861, the following RF parameters were assumed to derive the PC3 REFSENS requirements for band n1 and n3.
Table 1: RF assumptions for PC3 REFSENS
Table 6.1.1-1. RF parameters according to each NR band
parameters
NR n1 band
NR n3 band
Total NF (dB)
9.00
9.00
RFIC Noise for Rx band (dBm/Hz)
-153
-150
PA Noise for Rx band (dBm/Hz)
-125
-122
PA Gain for Rx band (dB)
28
28
Duplexer Tx/Rx isolation (dB)
53
49
RF Front-End Loss (dB)
4
4
Diversity gain (dB)
3
3
Antenna isolation (dB)
10
10


With NF=9 dB and SNR=-1 dB, the ideal REFSENS without Tx leakage can be derived as below in Table 1.
Table 2: Ideal REFSENS without Tx leakage
	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)

	15
	-102.5
	-99.3
	-97.5
	-96.2
	-95.2
	-94.4
	-93.7
	-93.1
	-92.6
	-92.1



On the other hand, the REFSENS defined in the spec are higher than the ideal ones. For example, the REFSENS for band n1, n2 and n3 are duplicated below from TS 38.101-1.
Table 7.3.2-1a: Two antenna port reference sensitivity QPSK PREFSENS for FDD 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
-90.1
-89.6

30

-97.1
-95.1
-94.0
-92.8
-92.0

-90.7
-90.2
-89.7

60

-97.5
-95.4
-94.2
-93.0
-92.1

-90.9
-90.3
-89.7
n2
15
-98
-94.8
-93
-91.8
-90.7
-84.1
-83.6
-81.5



30

-95.1
-93.1
-92
-90.8
-84.2
-83.7
-81.6



60

-95.5
-93.4
-92.2
-90.9
-84.3
-83.8
-81.7


n3
15
-97.0
-93.8
-92.0
-90.8
-89.7
-88.9
-86.2
-82.3
-81.3
-79.7

30

-94.1
-92.1
-91.0
-89.8
-89.0
-86.3
-82.4
-81.4
-79.8

60

-94.5
-92.4
-91.2
-90.0
-89.1
-86.4
-82.6
-81.5
-79.9


Observation 1: The REFSENS defined in the spec are higher than ideal REFSENS based on Noise Figure only. And the REFSENS are band-dependent, with 3 dB difference between band n1 and n3 for CBW<=30MHz and >3dB difference for CBW > 30MHz.
As explained in TR 38.861, the REFSENS defined in the spec have included the effect of Tx leakage as well as some implementation margin. For band n1, the main Tx leakage is the PA/RFIC wideband noise, leaked on the PCB or over the antenna. The noise PSD is assumed to be independent of CBW, hence the REFSENS is scaled by the number of RBs. For band n3, the Tx leakage also includes CIM5 for large CBWs due to the small duplex distance.
Observation 2: The PC3 REFSENS defined in the spec have already included the effect of Tx leakage, including wideband noise as well as CIM5 for large CBWs.
Assume a hypothetical UE that just meets the PC3 REFSENS requirement. Based on the RF assumptions in Table 1, it’s possible to perform some reverse engineering and figure out the theoretical Tx leakage level for a given REFSENS value.  
For example, the REFSENS for band n3 CBW=50MHz is -79.7 dBm for SCS=15 kHz.
Table 3: Deriving the underlying Tx leakage from REFSENS
	REFSENS (dBm)
	-79.7

	Noise power after MRC (dBm)
	-78.7

	Thermal noise power per antenna (dBm)
	-88.1

	Tx leakage on primary/diversity antenna (dBm)
	10*log10(x), 10*log10(x)-10

	Composite noise after MRC
	MRC(10*log10(x) ⊕-88.1, 10*log10(x)-10 ⊕-88.1) =-78.7

	Solving the above quadratic function of x
	x=-66.7 [dBm]



After knowing the Tx leakage level, the REFSENS for PC2 using dual PC3 PA can be derived as usual.
Table 4: PC2 REFSENS  for dual PA architecture
	Tx leakage on primary/diversity antenna (dBm)
	-66.7, -66.7

	Thermal noise power per antenna (dBm)
	-88.1

	Composite noise power (dBm)
	-68.7, -68.7

	Composite noise after MRC (dBm)
	-71.7

	REFSENS (dBm)
	-72.7

	MSD w.r.t PC3 REFSENS (dB)
	7



The same methodology can be used to derive the REFSENS for other CBWs for dual PA architecture.
[bookmark: _GoBack]Table 5: PC2 REFSENS for band n3 using dual PA
	CBW (MHz)
	35
	40
	45
	50

	REFSENS (dBm)
	-80.1
	-75.4
	-74.4
	-72.7

	MSD w.r.t. PC3
	6.1
	6.9
	6.9
	7



Observation 3: The REFSENS and/or MSD for PC2 using dual PA architecture can be derived on the basis of PC3 REFSENS.
Hence we make the following proposal.
Proposal 1: Take into account the above observations when deciding the REFSENS/MSD requirements for PC2.
3	Conclusion
The following observations/proposals for PC2 REFSENS/MSD have been presented.
Observation 1: The REFSENS defined in the spec are higher than ideal REFSENS based on Noise Figure only. And the REFSENS are band-dependent, with 3 dB difference between band n1 and n3 for CBW<=30MHz and >3dB difference for CBW > 30MHz.
Observation 2: The PC3 REFSENS defined in the spec have already included the effect of Tx leakage, including wideband noise as well as CIM5 for large CBWs.
Observation 3: The REFSENS and/or MSD for PC2 using dual PA architecture can be derived on the basis of PC3 REFSENS.
Proposal 1: Take into account the above observations when deciding the REFSENS/MSD requirements for PC2.
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