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1. Introduction
In RAN4#88, a way forward on DC_3_n3 EN-DC [1] has agreed to look into MSD and MPR issues for one and two PA architectures. In this contribution we further look into two PA architecture on top of our earlier work on one PA architecture [2].
2. Discussion
2.1. Way Forward Agreements and Correction 
In DC_3_n3 way forward, the following agreements were made.

First, on reference architecture:

· Both 2PA/antennas and 1PA/antenna architectures are considered when defining MPR and MSD for DC_3A_n3A

· 2PA architecture is prioritized

· 4 dB post-PA insertion loss on each transmit chain, 10 dB antenna isolation

· Duplexer Isolation

· At least 50dB isolation

· Whether the feasibility of 55dB isolation can be further discussed and considered with the possible advances in duplexer technology
Secondly, on MPR requirements:

· MPR for DC_3A_n3A is developed with consideration of varying gap lengths and RB allocations

· The following limitations are considered when addressing MPR requirement for DC_3A_n3A

· ACLR overlap, -13dBm/MHz SEM, -25dBm/MHz SEM, -30dBm/MHz spurious emissions, -50dBm/MHz own band protection (only for 1PA case)

· Self-desensitization is specified with MSD and no MPR is used to mitigate MSD

· At least MPR will be defined for Type 1 and Type 2 UEs
Finally, the MSD test points were agreed:

· DFT-s-OFDM 15KHz SCS waveforms are used for NR

· 12RB UL configuration is used as in [2]

· One worst case test point for IMD3 and IMD5 [2]

· First 5MHz UL sub-block at center 1737.5MHz (RB start = 12), Second 5MHz UL sub-block at center 1782.5MHz (RB start = 0)

· Another test point for receiver sensitivity and PA noise [2]

· First 5MHz UL sub-block at 1772.5MHz (RB end = 24), Second 5MHz UL sub-block at 1782.5MHz (RB start = 0)

· Other test points are not precluded

A small error was made (highlighted in yellow) when copying the test point definition from [2], the RB allocation has been swapped between the first NR block and the second LTE block. It should read:
· First 5MHz UL sub-block at center 1737.5MHz (RB start = 0), Second 5MHz UL sub-block at center 1782.5MHz (RB start = 12)
Observation 1: A small error in the worst case test point was done in the way forward, the RB position shall be swapped between the carriers to achieve worst case IMD3/5: First 5MHz UL sub-block at center 1737.5MHz (RB start = 0), Second 5MHz UL sub-block at center1782.5MHz (RB start = 12).
In the way forward, it is also stated that other test points are not precluded. In order to crosscheck if another case is worth exploring, we have added in our measurement plan the case where the two UL channels are the furthest apart with a 5MHz first NR channel with 12 RB start = 0 at 1712.5MHZ and a 20MHz LTE channel at 1775MHz and 16RB end = 99. In this case, the IMD3 product only falls 7.7MHz away from the LTE receive channel. 
Proposed MSD measurement points: Three cases with one TX path architecture forward measurement and the two associated reverse IMD measurements for the two TX path architecture. Measurements are done with 4dB post PA losses, 10dB antenna isolation and PA calibration of 1dB MPR for QPSK DFT-s-OFDM 100RB 20MHz NR channel waveform.
Table 1: Forward and reverse IMD measurements for three test cases

	Test case
	Arch.
	Measurement setup

	IMD in DL
	1 or 2 TX
	Reverse or Forward LTE + NR with channel BW, frequency, allocation and power of UL (at antenna)

	wosrt case IMD3 in NR and IMD5 in LTE
	2TX
	RV_LTE(QPSK_5MHz_12RB12@1782.5MHz&10dBm)+FW_NR(DFT_QPSK_5MHz_12RB0_15kHzSCS@1737.5MHz&20dBm)

	
	2TX
	FW_LTE(QPSK_5MHz_12RB12@1782.5MHz&20dBm)+RV_NR(DFT_QPSK_5MHz_12RB0_15kHzSCS@1737.5MHz&10dBm)

	
	1TX
	FW_LTE(QPSK_5MHz_12RB12@1782.5MHz&20dBm)+FW_NR(DFT_QPSK_5MHz_12RB0_15kHzSCS@1737.5MHz&20dBm)

	best case no IMD issue
	2TX
	RV_LTE(QPSK_5MHz_12RB0@1782.5MHz&10dBm)+FW_NR(DFT_QPSK_5MHz_12RB13_15kHzSCS@1772.5MHz&20dBm)

	
	2TX
	FW_LTE(QPSK_5MHz_12RB0@1782.5MHz&20dBm)+RV_NR(DFT_QPSK_5MHz_12RB13_15kHzSCS@1772.5MHz&10dBm)

	
	1TX
	FW_LTE(QPSK_5MHz_12RB0@1782.5MHz&20dBm)+FW_NR(DFT_QPSK_5MHz_12RB13_15kHzSCS@1772.5MHz&20dBm)

	case with IMD3 close to LTE
	2TX
	RV_LTE(QPSK_20MHz_16RB84@1775MHz&10.6dBm)+FW_NR(DFT_QPSK_5MHz_12RB0_15kHzSCS@1712.5MHz&19.3dBm)

	
	2TX
	FW_LTE(QPSK_20MHz_16RB84@1775MHz&20.6dBm)+RV_NR(DFT_QPSK_5MHz_12RB0_15kHzSCS@1712.5MHz&9.3dBm)

	
	1TX
	FW_LTE(QPSK_20MHz_16RB84@1775MHz&20.6dBm)+RV_NR(DFT_QPSK_5MHz_12RB0_15kHzSCS@1712.5MHz&19.3dBm)


2.2. MSD for One Transmit Path Architecture
Values for own band protection and MSD assume 50dB duplexer TX to RX isolation.
Table 2 summarizes results based on August measurements for IMD3 falling on NR DL channel and IMD5 falling on LTE DL channel:

· LTE UL : QPSK_5MHz_12RB12 at 1782.5MHz and 20dBm Pout

· NR UL: DFT_QPSK_5MHz_12RB0_15kHzSCS at 1737.5MHz and 20dBm Pout
Table 2: Measurements for worst case IMD3 and IMD5

	Measurement
	BW [MHz]
	Frequency [MHz]
	Value
	Comment

	OOB_IM5L
	1
	1641.9875
	-44.48dBm/MHz
	OOB OK

	OOB_IM3L
	1
	1689.155
	-33.15 dBm/MHz
	OOB OK

	B3prot_IM3H
	1
	1830.6575
	-55.73 dBm/MHz
	OK but needs to be checked for 1RB

	B3prot_IM5H
	1
	1877.825
	-66.61 dBm/MHz
	OK

	LTE_ACLR_H
	4.5
	1777.5
	52.40dBc
	OK

	LTE_ACLR_L
	4.5
	1787.5
	32.47dBc
	OK

	NR_ACLR_H
	4.515
	1732.5
	30.97dBc
	OK

	NR_ACLR_L
	4.515
	1742.5
	51.37dBc
	OK

	LTE_MSD
	4.5
	1877.5
	36.23dB
	Large

	NR_MSD
	4.5
	1832.5
	44.38dB
	Very large


Observation: As already discussed in [2], there is very large MSD for both the LTE and NR downlink channels and ACLR is OK. 

The higher IMD3 however shows only 5dB margin for own band protection of -50dBm/MHz, this being related to an IMD3 of 12RB LTE + 12RB NR, the IMD3 product is spread over 3*12*0.18MHz=6.48MHz so only the peak part and 1/6th of the spectrum is captured in 1MHz. A 1RB LTE + 1RB NR case would only occupy 3*0.18=0.54MHZ and would be fully capture in 1MHz. Based on BW ratio only the result could be 8dB higher and fail -50dBm/MHz, this is pessimistic as the IMD3 spectrum is not flat but still band protection must be further verified for a 1RB + 1RB configuration.
Measurements for the other two test points were not available before deadline. If new measurements are available in time, these will be added in a revision of the document or presented at next meeting.

2.3. MSD for Two Transmit Path Architecture

Measurements for two transmit path architecture were not available before deadline due measurement issues associated with the complexity of injecting a reverse tone and good noise floor for MSD measurements. If new measurements are available in time, these will be added in a revision of the document or presented at next meeting.
2.4. MPR Assessment

This first step of measurement allowed verifying that MSD test points did not require MPR, still ACLR, SEM will fail for some IMD products for both one TX and two TX architecture, these will need further investigation.

2.5. Proposals for MSD and Signaling

Proposal 1: Agreed MSD test point are captured in 38.101-3 chapter 7.3B.2.2 as follows for Release 16 with proposed value for worst case MSD, it is FSS whether a third test point with MSD is added.
Table 7.3B.2.2-1: Reference sensitivity (MSD) for non-contiguous intra-band DC 

	MSD / DC bandwidth class B

	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
	371
TBD2
	

	
	n3
	1737.5
	5
	12 (RBstart = 0)
	1832.5
	451
TBD2
	

	NOTE 1: Applicable for UE implementing this EN-DC combination with a single transmit path and antenna

NOTE 2: Applicable for UE implementing this EN-DC combination with two transmit paths and antennas


In order to enable both implementations, allow the network to optimize the scheduling for both cases and also perform the related conformance test a new capability signaling the if one or two transmit path and antenna is used.

Proposal 2: A one bit capability is created to signal if UE implements an intra-band EN-DC combination using one or two transmit path and antenna. 

3. Conclusion
This contribution first corrects the test point to be aligned with intended RB allocations from [2] which were not correctly captured in way forward [1]. It intended to cover three MSD test cases for both one and two transmit paths and antenna, unfortunately all measurements were not available in time and only one case and architecture is covered. However, this still allows us to make following proposals:
Proposal 1: Agreed MSD test point are captured in 38.101-3 chapter 7.3B.2.2 as follows for Release 16 with proposed value for worst case MSD, it is FSS whether a third test point with MSD is added.
Table 7.3B.2.2-1: Reference sensitivity (MSD) for non-contiguous intra-band DC 

	MSD / DC bandwidth class B

	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
	371
TBD2
	

	
	n3
	1737.5
	5
	12 (RBstart = 0)
	1832.5
	451
TBD2
	

	NOTE 1: Applicable for UE implementing this EN-DC combination with a single transmit path and antenna

NOTE 2: Applicable for UE implementing this EN-DC combination with two transmit paths and antennas


Proposal 2: A one bit capability is created to signal if UE implements an intra-band EN-DC combination using one or two transmit path and antenna. 
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