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1. Introduction
In RAN4#88bis, MSD test points and some values were proposed in [3] following contributions and way forward from previous meetings. In this contribution, we provide a full set of MSD measurements for common and separate LTE and NR antenna, we make proposal for refined test points and MSD values.
2. Discussion
2.1. Agreed Test Cases
In previous meetings, a set of test points have been agreed [1] and some slight corrections provided in [3] and are copied in Table 1.
Table 1: Agreed MSD test cases for common and separate antenna
	MSD / DC bandwidth class A

	DC configuration
	E-UTRA/NR band
	FC (UL)

(MHz)
	Channel bandwidth

(MHz)
	UL

allocation (LCRB)
	FC (DL)

(MHz)
	MSD

(dB)
	Duplex mode

	DC_3A_n3A
	3
	1782.5
	5
	12 (RBstart =0)
	1877.5
	TBD1
TBD2
	FDD

	
	n3
	1772.5
	5
	12 (RBend = 24)
	1867.5
	TBD1
TBD2
	

	DC_3A_n3A
	3
	1782.5
	5
	12 (RBstart =12)
	1877.5
	TBD1
TBD2
	

	
	n3
	1737.5
	5
	12 (RBstart = 0)
	1832.5
	TBD1
TBD2
	

	NOTE 1: Applicable for UE implementing this EN-DC combination with a separate LTE and NR UL antenna
NOTE 2: Applicable for UE implementing this EN-DC combination with a common LTE and NR UL antenna


For the first test case, the upper IMD3 product of the two UL signals falls into the NR receive band, while the upper IMD5 falls into the LTE receiver band. Because of the IMD3 case, the criteria allowing Single UL Operation (SUO) is met. 

The second test case correspond to a best case where the LTE and NR allocation are as close as possible and thus only very high order IMDs can reach the receive channels.
Architecture assumptions have also been agreed with 10dB antenna to antenna isolation and 4dB post PA losses.

Observation 1: First test case meets IMD3 criteria allowing SUO.

2.2. Other Potentially High MSD Test Points
Since the worst test case with IMD3 issue in NR receive channel and IMD5 issue in LTE receive channel is subject to use of SUO as an option, it is relevant to look at the next possible worst cases. 

Especially for smaller gap between the LTE and NR channels, there is a possibility for IMD5 issue in NR receive channel and IMD7 issue LTE receive channel. This is similar to the DC_(n)71AA case which results into significant MSD. We have evaluated this issue using the test case bellow:
· LTE UL channel: QPSK 5MHz channel at 1782.5MHz 12RB9 allocation.
· NR UL channel: DFT-s-OFDM QPSK 5MHz channel at 1737.5MHz 12RB0 allocation

In this case IMD5 and IMD7 affects NR Rx channel and LTE Rx channel respectively as LTE to NR UL allocation distance is close to duplex distance divided by three.
Another case may also result in MSD for the LTE Rx channel for large gap between NR and LTE UL allocation. In this case the distance between the LTE and NR UL allocation is close to the UL bandwidth resulting into an IMD3 product that fall just below the 20MHz LTE channel:
· LTE UL channel: QPSK 20MHz channel at 1775MHz 16RB84 allocation

· NR UL channel: DFT-s-OFDM QPSK 5MHz channel at 1712.5MHz 12RB0 allocation

In this case, the IMD3 peak falls just below LTE Rx channel.

In order to assess the DC_3_n3 combination potential MSD issues, this two test points were measured in addition to the agreed worst case and best case test points. The four test points are illustrated in Figure 1. 
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Figure 1: Illustration of the different test cases evaluated for MSD
2.3. MSD Measurements for Common and Separate Antenna Architectures
Measurements were performed on a PA calibrated for 30dB ACLR using NR 20MHz DFT-s-OFDM waveform at 26dBm (1dB MPR for 23dBm power class with 4dB post PA losses. Forward IMD measurements were performed for common antenna architecture and two reverse IMD measurements were performed for the separate antenna architecture. Transmitter noise integrated into the LTE and NR receive channels was collected and MSD calculated accounting for 50dB duplexer isolation. The resulting LTE and NR MSD are shown in Table 2 highlighted in yellow for the four different test cases.
Table 2: Common and separate antenna MSD results for most critical test points

	Scen.
	RAT

waveform
	Gap
	Antenna arch.
	LTE tx
	NR tx
	TOT tx
	LTE rx
	NR rx
	LTE rxdiv
	NR rxdiv
	LTE MSD
	NR MSD

	
	
	MHz
	
	dBm
	dBm
	dBm
	dBm
	dBm
	dBm
	dBm
	dB
	dB

	IM3/5 on NR/ LTErx
	measurement frequency [MHz] --->
	1782.5
	1737.5
	na
	1877.5
	1832.5
	1877.5
	1832.5
	1877.5
	1832.5

	
	LTE
	QPSK_5MHZ_12RB_12
	40
	separate
	23.9
	24.0
	27.0
	-86.5
	-63.5
	-78.9
	-74.6
	14.2
	29.5

	
	NR
	DFT_QPSK_5MHZ_12RB_0_15
	
	common
	23.6
	23.7
	26.7
	-61.5
	-52.5
	-61.5
	-52.5
	31.5
	40.5

	IM5/7 on NR/ LTErx
	measurement frequency [MHz] --->
	1782.5
	1752.5
	na
	1877.5
	1847.5
	1877.5
	1847.5
	1877.5
	1847.5

	
	LTE
	QPSK_5MHZ_12RB_9
	25
	separate
	24.0
	24.0
	27.0
	-97.3
	-80.7
	-93.9
	-89.1
	2.6
	12.6

	
	NR
	DFT_QPSK_5MHZ_12RB_0_15
	
	common
	23.8
	23.8
	26.8
	-67.2
	-65.9
	-67.2
	-65.9
	25.8
	27.1

	IM3 just miss LTErx
	measurement frequency [MHz] --->
	1775.0
	1712.5
	na
	1870.0
	1807.5
	1870.0
	1807.5
	1870.0
	1807.5

	
	LTE
	QPSK_20MHZ_16RB_84
	50
	separate
	24.5
	23.3
	27.0
	-94.0
	-99.3
	-91.1
	-100.7
	1.5
	0.9

	
	NR
	DFT_QPSK_5MHZ_12RB_0_15
	
	common
	24.3
	22.4
	26.5
	-90.7
	-98.7
	-90.7
	-98.7
	1.6
	1.1

	best case MSD
	measurement frequency [MHz] --->
	1782.5
	1772.5
	na
	1877.5
	1867.5
	1877.5
	1867.5
	1877.5
	1867.5

	
	LTE
	QPSK_5MHZ_12RB_0
	5
	separate
	23.9
	23.9
	26.9
	-103.2
	-103.0
	-103.3
	-102.9
	0.4
	0.4

	
	NR
	DFT_QPSK_5MHZ_12RB_13_15
	
	common
	23.9
	23.9
	26.9
	-99.9
	-98.9
	-99.9
	-98.9
	0.8
	1.0


First, it is important to notice that excess noise in the receive channel of the diversity path is also reported:

· For the common antenna case, we use 3GPP assumption that the total isolation (via TX-ANT duplexer attenuation + antenna coupling) from primary transmitter to diversity LNA is equal to the duplexer TX-RX isolation of 50dB. Thus, MSD is calculated with same TX noise on both receiver branches
· For the separate antenna case however, the diversity path is associated with the other RAT transmit path and same TX-RX isolation of 50dB is assumed. MSD takes into account the worst coupled noise into either the primary or diversity receive path
Observations 2 for the different cases:

1. Best case MSD: close to ideal REFSENS is observed
a. For separate antenna case MSD is <0.5dB and can be ignored

b. The common antenna case shows a small MSD <1dB due to the wider UL signal compared to the Band 3 LTE case
2. Just miss IMD3: a small MSD is observed for both separate and common antenna cases but is very small compared to the other two IMD3/5 or IMD5/7 cases and may not be the most relevant from a PA performance prospective. It must be kept in mind though that other source of MSD may exist for this case due to the small UL to DL distance.
3. IMD5/7 case: this case is relevant as IMD3/5 case can be supported with SUO

a. Even with separate antenna significant MSD is observed for NR channel and small one on LTE channel

b. For common antenna case the MSD is large for both the LTE and NR channel. This is to a point that allowing optional support with SUO could be beneficial

4. IMD3/5 case: SUO criteria is met and should be allowed for both architectures as they both show significant MSD for both LTE and NR channels
a. Even with separate antenna large MSD is observed for NR channel and a significant one on LTE channel

b. For common antenna case the MSD is very large for both the LTE and NR channel. It is well aligned with our earlier results
Observation 3 on SUO for common antenna case: Even in cases where SUO criteria is not formally met, allowing optional Single UL Operation for the common UL antenna architecture make sense as was agreed in Release 15:

·  First IMD3/IMD5 and IMD5/IMD7 cases have very large MSD

·  Second, the entire UL bandwidth is 75MHz which is 4.3% relative bandwidth and may not be feasible to support while maintaining good PA noise in RX band.

2.4. Proposals for MSD
Based on the observations in the previous chapter we propose to specify MSD for three test points:

1. Best case MSD

2. IMD5/7 case

3. IMD3/5 case with optional support with SUO allowed

Adding margin for process and temperature variations the following is proposed:

Proposal 1 on Single UL Operation: With significant MSD observed in both common and separate antenna cases SUO operation shall be allowed in release 16 for both common and separate antenna architectures.
Proposal 2: For common antenna architecture, Single UL Operation is allowed to cope with very large MSD cases and dual simultaneous UL is not mandatory.

Proposal 3 on MSD table: The following Table 3 is adopted for MSD in Release 16 38.101-3 specification in Table 7.3B.2.2-1 
Table 3: Reference sensitivity (MSD) for non-contiguous intra-band DC
	MSD / DC bandwidth class A

	DC configuration
	E-UTRA/NR band
	FC (UL)

(MHz)
	Channel bandwidth

(MHz)
	UL

allocation (LCRB)
	FC (DL)

(MHz)
	MSD

(dB)
	Duplex mode

	DC_3A_n3A
	3
	1782.5
	5
	12 (RBstart =0)
	1877.5
	01
12
	FDD

	
	n3
	1772.5
	5
	12 (RBend = 24)
	1867.5
	01
1.52
	

	DC_3A_n3A
	3
	1782.5
	5
	12 (RBstart = 9)
	1877.5
	31
292
	

	
	n3
	1752.5
	5
	12 (RBstart = 0)
	1847.5
	151
312
	

	DC_3A_n3A
	3
	1782.5
	5
	12 (RBstart = 12)
	1877.5
	161
352
	

	
	n3
	1737.5
	5
	12 (RBstart = 0)
	1832.5
	331
442
	

	NOTE 1: Applicable for UE signaling a separate UL PA and antenna architecture
NOTE 2: Applicable for UE signaling a common UL PA and antenna architecture


3. Conclusion
This contribution provides a comprehensive set of measurements to derive MSD for the worst IMD cases for both common and separate UL antenna architectures. Based on the analysis of the measurements it confirms the need for optional SUO operation and selects the relevant MSD test points together with proposed values:

Proposal 1 on Single UL Operation: With significant MSD observed in both common and separate antenna cases SUO operation shall be allowed in release 16 for both common and separate antenna architectures.
Proposal 2: For common antenna architecture, Single UL Operation is allowed to cope with very large MSD cases and dual simultaneous UL is not mandatory.

Proposal 3 on MSD table: The following Table 3 is adopted for MSD in Release 16 38.101-3 specification in Table 7.3B.2.2-1 

Table 3: Reference sensitivity (MSD) for non-contiguous intra-band DC
	MSD / DC bandwidth class A

	DC configuration
	E-UTRA/NR band
	FC (UL)

(MHz)
	Channel bandwidth

(MHz)
	UL

allocation (LCRB)
	FC (DL)

(MHz)
	MSD

(dB)
	Duplex mode

	DC_3A_n3A
	3
	1782.5
	5
	12 (RBstart =0)
	1877.5
	01
12
	FDD

	
	n3
	1772.5
	5
	12 (RBend = 24)
	1867.5
	01
1.52
	

	DC_3A_n3A
	3
	1782.5
	5
	12 (RBstart = 9)
	1877.5
	31
292
	

	
	n3
	1752.5
	5
	12 (RBstart = 0)
	1847.5
	151
312
	

	DC_3A_n3A
	3
	1782.5
	5
	12 (RBstart = 12)
	1877.5
	161
352
	

	
	n3
	1737.5
	5
	12 (RBstart = 0)
	1832.5
	331
442
	

	NOTE 1: Applicable for UE signaling a separate UL PA and antenna architecture

NOTE 2: Applicable for UE signaling a common UL PA and antenna architecture
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