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1  Introduction 
The WI [1] objective is to introduce requirements for simultaneous Rx-Tx for certain band combinations. Based on the WI goals this contribution provides analysis and measurement results for CA_n34A-n41A and CA_n40A-n41A. Additionally, the implementation challenges of CA_n40A-n41A with simultaneous Rx-Tx and the n41 4Rx requirements are discussed.
2  Discussion
The WI [1] features a list of band combinations which are under investigation for non-synchronized scenario and specifying applicable requirements for simultaneous Rx-Tx operation. The current baseline is that networks run in synchronized operation between the two bands which allows deployment of low-loss filter with less out-of-band suppression as no de-sense of receiver is expected. Low-loss filter enable increased coverage for UEs and is therefore preferred pick for implementation. In the following we want to provide our considerations and proposals on those two band combinations.
2.1 On MSD for CA_n34-n41
Analysis based on measurements was also done for CA_n34A-n41A with simultaneous Rx-Tx. During RAN4#106 tentative MSD values were agreed for further checking. It is proposed to keep the MSD values and remove brackets.
Table 1: MSD results for CA_34A-n41A with simultaneous Rx-Tx
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	X band interference source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n34
	n41
	2017.5
	15
	15
	78 (RBstart=0)
	2501
	10
	[3.2]
	>ACLR2

	n41
	n34
	2546
	100
	30
	270 (RBstart=0)
	2022.5
	5
	[7.2]
	>ACLR2



Proposal 1: Finalise MSD values for CA_n34-n41 by removing brackets.
2.1 On MSD for CA_n40-n41
The bands n40 and n41 are in near proximity with a minimum frequency separation of 96MHz. The details of our MSD proposal were discussed in [2] and table 2 captures the MSD results for PC3.
Table 2: MSD results for simultaneous Rx-Tx with CA_n40A-n41A and PC3
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	X band interference source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n40
	n41
	2350
	100
	30
	270 (RBstart=3)
	2501
	10
	32.3
	ACLR2

	n41
	n40
	2546
	100
	30
	270 (RBstart=0)
	2397.5
	5
	24.4
	ACLR2


Proposal 2: Consider the MSD values provided in Table 2 when defining requirements for CA_n40A-n41A with simultaneous Rx-Tx and PC3.
2.3 On simultaneous Rx-Tx and MIMO for CA_n40-n41
The WF [3] from RAN4#106 encourages to further discuss possible relaxation when handheld device is configured with simultaneous Rx/Tx. The way forward is copied below for reference.
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According to TS38.101-1 clause 7.2 a UE is required to feature a minimum of four Rx antenna ports for band n41. This requirement applies if n41 is configured as standalone band or if n41 is part of a band combination. Due to near proximity of n40 and n41, those bands are typically grouped together using the same antenna switch to reduce implementation complexity and number of required antennas. 
The capability for UL-MIMO and for simultaneous Rx/Tx are signalled independently. A UE cannot determine in advance whether the network will configure for non-simultaneous Rx/Tx or for simultaneous Rx/Tx together with UL-MIMO.
In case of non-simultaneous Rx-Tx it is possible to share antennas between n40 and n41 as uplink and downlink transmission never occurs at the same time for both bands. However, in case of simultaneous Rx-Tx between n40 and n41 it is challenging to share antennas for uplink and downlink as filter isolation is marginal due to the close frequency separation of the two bands. If an implementation is done for simultaneous Rx/Tx and MIMO either strong out-of-band filters are required typically featuring high insertion loss or separate antennas are needed. The challenge increases if support for MIMO related features e.g. antenna switching are considered in addition. In case MIMO is used on n40 and a filter with increased insertion loss is not an option then sufficient isolation can be achieved by deploying two antennas for band n40 Tx while four antennas would be required for n41 receiver due to the 4Rx requirement. Similar issue is present if n41 would be configured with 4-layer MIMO for downlink since five separate antennas would be required. This means with simultaneous Rx-Tx and MIMO operation that at least 6 separate antennas would be required. Integrating at least 6 antennas for this frequency range might not be an issue for FWA/CPE type devices but it is a challenging task for handhelds due to the small form factor.
From previous discussion the following options seem possible:
1. A UE could either indicate support of MIMO or indicate support of simultaneous Rx/Tx for CA_n40A-n41A but not both capabilities. This behaviour would be feasible with current signalling options. However, it would be a static UE manufacturer decision whether MIMO or simultaneous Rx/Tx is prioritized and not a decision of the network operator based on current demand.
2. A new signalling could be introduced to indicate that a UE supporting MIMO and simultaneous Rx/Tx cannot support both features at the same time for a specific combination. To reduce signalling overhead the indication would be optional and only needed if a UE does not support MIMO and simultaneous Rx/Tx at the same time.
3. Relax the 4Rx requirement of n41 if carrier aggregation is configured with band n40 and simultaneous Rx-Tx. This relaxation would only be applicable to handheld devices and allow improved performance of simultaneous Rx-Tx together with MIMO operation on band n40 and n41.
Regarding option 3, the relaxation for carrier aggregation with simultaneous Rx-Tx between n40 and n41 can be implemented by introducing a new note to Table 7.3.2-1b. The note specifies the relaxation for handheld devices only. The proposal can be found below:
	Table 7.3.2-1b: Two antenna port reference sensitivity QPSK PREFSENS for TDD, SDL and FDD with variable duplex operation bands
	[bookmark: _Hlk78840377]Operating band / SCS / Channel bandwidth / REFSENS

	Operating band
	SCS
kHz
	Channel bandwidth (MHz)
	REFSENS (dBm)8
	Duplex Mode

	…

	

	n40
	15
	5, 10, 15, 20, 25, 30, 40, 50
	-100 + 10log10(NRB/25)
	TDD

	
	30
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	-97.1 + 10log10(NRB/24)
	

	
	60
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	-97.5 + 10log10(NRB/11)
	

	n411,11, n901,11
	15
	5, 10, 15, 20, 25, 30, 35, 40, 45, 50
	-94.8 + 10log10(NRB/52)
	TDD

	
	30
	10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100
	-95.1 + 10log10(NRB/24)
	

	
	60
	10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100
	-95.5 + 10log10(NRB/11)
	

	…

	NOTE 1:	Four Rx antenna ports shall be the baseline for this operating band except for two Rx vehicular UE. Four Rx antenna ports for RedCap UE is not supported for this operating band.
NOTE 2:	The transmitter shall be set to PUMAX as defined in clause 6.2.4.
NOTE 3:	Void
NOTE 4:	The requirement is modified by -0.5 dB when the assigned UE channel bandwidth is confined within 3300 - 3800 MHz.
NOTE 5:	For these bandwidths, the minimum requirements are restricted to operation when carrier is configured as a downlink carrier part of CA configuration.
NOTE 6:	Void
NOTE 7:	For SDL bands, the reference sensitivity requirements shall be verified by inter-band CA combinations with SDL band, which are supported by UE.
NOTE 8:	The REFSENS value is rounded to the nearest number down to one decimal point. “NRB” in REFSENS formula is the maximum transmission bandwidth configuration as defined in Table 5.3.2-1.
NOTE 9:	Void.
NOTE 10:	A UE may implement two RX antenna ports for band n104 when conditions are met. The exact conditions are FFS.
Note 11:   Four Rx antenna ports are not mandatory for this band when carrier aggregation with band n40 and simultaneous Rx-Tx operation is configured. This relaxation does not apply to FWA form factor devices.








Observation 1: The capability for UL-MIMO and for simultaneous Rx/Tx are signalled independently. A UE cannot determine in advance whether the network will configure for non-simultaneous Rx/Tx or for simultaneous Rx/Tx together with UL-MIMO.
Observation 2: Due to close frequency distance of n40 and n41 those bands are typically grouped together to reduce implementation complexity and number of required antennas. In case of simultaneous Rx-Tx between n40 and n41 it is challenging to share antennas for uplink and downlink as filter isolation is marginal due to the close frequency separation of the two bands. If an implementation is done for simultaneous Rx/Tx and MIMO either strong out-of-band filters are required typically featuring high insertion loss or separate antennas are needed. The challenge increases if support for MIMO related features e.g. antenna switching are considered in addition. In case MIMO is used on n40 and a filter with increased insertion loss is not an option then sufficient isolation can be achieved by deploying two antennas for band n40 Tx while four antennas would be required for n41 receiver due to the 4Rx requirement. Similar issue is present if n41 would be configured with 4-layer MIMO for downlink since five separate antennas would be required. This means with simultaneous Rx-Tx and MIMO operation that at least 6 separate antennas would be required. Integrating at least 6 antennas for this frequency range might not be an issue for FWA/CPE type devices but it is a challenging task for handhelds due to the small form factor.
Proposal 3: Discuss the following options and implications for simultaneous Rx-Tx and MIMO with CA_n40-n41:
1. A UE could either indicate support of MIMO or indicate support of simultaneous Rx/Tx for CA_n40A-n41A but not both capabilities. This behaviour would be feasible with current signalling options. However, it would be a static UE manufacturer decision whether MIMO or simultaneous Rx/Tx is used in the field and not a decision of the network operator based on current demand.
2. A new signalling could be introduced to indicate that a UE supporting MIMO and simultaneous Rx/Tx cannot support both features at the same time for a specific combination. To reduce signalling overhead the indication would be optional and only needed if a UE does not support MIMO and simultaneous Rx/Tx at the same time.
3. Relax the 4Rx requirement of n41 if carrier aggregation is configured with band n40 and simultaneous Rx-Tx. This relaxation would only be applicable to handheld devices and allow improved performance of simultaneous Rx-Tx together with MIMO operation on band n40 and n41.
Proposal 4: As discussed in the contribution our preference is option 3 as it would allow most flexibility in the field.
3  Conclusions
This contribution provides MSD analysis and considerations on simultaneous Rx-Tx with respect to UL-MIMO capable UEs. The following observations and proposal are made:
Proposal 1: Finalise MSD values for CA_n34-n41 by removing brackets.
Proposal 2: Consider the MSD values provided in Table 2 when defining requirements for CA_n40A-n41A with simultaneous Rx-Tx and PC3.
Observation 1: The capability for UL-MIMO and for simultaneous Rx/Tx are signalled independently. A UE cannot determine in advance whether the network will configure for non-simultaneous Rx/Tx or for simultaneous Rx/Tx together with UL-MIMO.
Observation 2: Due to close frequency distance of n40 and n41 those bands are typically grouped together to reduce implementation complexity and number of required antennas. In case of simultaneous Rx-Tx between n40 and n41 it is challenging to share antennas for uplink and downlink as filter isolation is marginal due to the close frequency separation of the two bands. If an implementation is done for simultaneous Rx/Tx and MIMO either strong out-of-band filters are required typically featuring high insertion loss or separate antennas are needed. The challenge increases if support for MIMO related features e.g. antenna switching are considered in addition. In case MIMO is used on n40 and a filter with increased insertion loss is not an option then sufficient isolation can be achieved by deploying two antennas for band n40 Tx while four antennas would be required for n41 receiver due to the 4Rx requirement. Similar issue is present if n41 would be configured with 4-layer MIMO for downlink since five separate antennas would be required. This means with simultaneous Rx-Tx and MIMO operation that at least 6 separate antennas would be required. Integrating at least 6 antennas for this frequency range might not be an issue for FWA/CPE type devices but it is a challenging task for handhelds due to the small form factor.
Proposal 3: Discuss the following options and implications for simultaneous Rx-Tx and MIMO with CA_n40-n41:
1. A UE could either indicate support of MIMO or indicate support of simultaneous Rx/Tx for CA_n40A-n41A but not both capabilities. This behaviour would be feasible with current signalling options. However, it would be a static UE manufacturer decision whether MIMO or simultaneous Rx/Tx is used in the field and not a decision of the network operator based on current demand.
2. A new signalling could be introduced to indicate that a UE supporting MIMO and simultaneous Rx/Tx cannot support both features at the same time for a specific combination. To reduce signalling overhead the indication would be optional and only needed if a UE does not support MIMO and simultaneous Rx/Tx at the same time.
3. Relax the 4Rx requirement of n41 if carrier aggregation is configured with band n40 and simultaneous Rx-Tx. This relaxation would only be applicable to handheld devices and allow improved performance of simultaneous Rx-Tx together with MIMO operation on band n40 and n41.
Proposal 4: As discussed in the contribution our preference is option 3 as it would allow most flexibility in the field.
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3 The relaxation on the UE capability for n41 with configured simultaneous Rx/Tx

Option 1(4pple):
To reduce the antenna implementation challenge: Relax the 4Rx requirement for n41 for handhelds if simultancous Rx/Tx carrier
aggregation is configured with band n40.

e The relaxation does not apply for FWA UE.
e The relaxation does not apply to single band n41 configuration and for combinations with bands other than nd0.

Option 2(CMCC):

Opening the door to more flexibility to implement 4Rx is not expected.

Option 3(MediaTek):

For CA_n40A-n41A, UE is not expected to enable UL MIMO/TxD or SRS antenna switching at the same time when enabling
simultancous Rx/Tx operation

<Way forward 3-1 >: Open issue nceds further discussion




