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[bookmark: _Toc116995841]Introduction
At RAN4#108bis a discussion was raised in [1] on ambiguity of the conditional mandatory simultaneous Rx/Tx UE capability. This led to a WF being agreed in [2] and this contribution is the continuation of this discussion. 
For the sake of ease, we repeat the background of the discussion also included in [1] here.
TDD – Time Division Duplexing
A communication scheme that time divides transmission and reception. An instance of transmission and an instance of reception never overlaps, since this implies full-duplexing same frequency, which is another communication scheme.
FDD – Frequency Division Duplexing
A communication scheme that frequency divides transmission and reception. The transmission and the reception may be simultaneously active. Simultaneous activity can be challenging for the receiver, so a duplex filter is usually required to attenuate the transmission in the receiver band. 
CA - Carrier Aggregation
To extend the bandwidth available for a given communication scheme, available spectrum, i.e. bands, may be combined via Carrier Aggregation. The combinations may be between bands in different frequency range (FR) and/or duplex scheme as investigated in the TR 38.839 [TR 38.839, Simultaneous Rx/Tx band combinations] and listed below. 
· FR1+FR1 FDD-TDD band combination
· FR1+FR1 TDD-TDD band combination
· FR1+FR2 FDD-TDD band combination
· FR1+FR2 TDD-TDD band combination
· FR2+FR2 TDD-TDD band combination
In this contribution we for simplicity only consider CA combinations within FR1.
Simultaneous Rx/Tx UE Capability 
Simultaneous Rx/Tx capability for inter-band CA, SUL and EN-DC band combinations were introduced from Rel-15. Specifically, for inter-band CA and EN-DC combination, the capability is used for TDD-TDD and TDD-FDD band combinations. According to the description of the capability, it is conditional mandatory, and the condition is described in the field, i.e. indicated in the RAN4 spec which combinations should mandatorily support simultaneous Rx/Tx. For the combinations which have no such indication, the capability is optional, i.e. for UE supporting simultaneous Rx/Tx, the capability should be reported, otherwise, the capability is absent or not reported. Since the capability is important for network scheduling, it should be reported accurately.
[bookmark: _Toc149912997]The Simultaneous Rx/Tx UE capability is conditional mandatory and therefore it needs to be accurately noted in the RAN4 specification whether it is expected supported by the UE for a given band combination. 
Indication of Simultaneous Rx/Tx in the TS
In some cases, whether a specific band combination considers simultaneous Rx/Tx within the TS is indicated by notes, while there for other band combinations are no notes. There is a multitude of notes within TS 38.101-1 related to simultaneous Rx/Tx as listed below in Table 1:
Table 1: Use of Notes in TS 38.101-1 related to simultaneous Rx/Tx
	Table 5.2A.1-1
Table 5.2A.1-2
	NOTE 1:	The minimum requirements only apply for non simultaneous Tx/Rx between all carriers for TDD combinations.

	Table 5.2A.2.1-1
	NOTE 1:	Applicable for UE supporting inter-band carrier aggregation with mandatory simultaneous Rx/Tx capability.

	
	NOTE 5:	For UEs supporting band n77, the minimum requirements apply only when there is non-simultaneous Rx/Tx operation between n78-n79 NR carriers. This restriction applies also for these carriers when applicable NR CA configuration is part of a higher order configuration.

	
	NOTE 7:	The minimum requirements apply only when there is non-simultaneous Rx/Tx operation between n77-n78 or n77-n79 NR carriers. This restriction applies also for these carriers when applicable NR CA configuration is part of a higher order configuration.

	
	NOTE 9:	Only applicable for UE supporting inter-band carrier aggregation without simultaneous Rx/Tx.

	
	NOTE 13:	Simultaneous Rx/Tx capability for TDD combinations does not apply for UEs supporting band n48 with an n77 implementation.

	
	NOTE 15: Simultaneous Rx/Tx capability does not apply for UEs supporting CA_n46-n96. Same restrictions are applied when applicable NR CA configuration is part of a higher order configurations

	Table 5.2A.2.2-1
	NOTE 3:	Applicable for UE supporting inter-band carrier aggregation with mandatory simultaneous Rx/Tx capability

	Table 5.2A.2.3-1
	NOTE 1:	Applicable for UE supporting inter-band carrier aggregation with mandatory simultaneous Rx/Tx capability.

	Table 5.2A.2.4-1
	NOTE 1:	Applicable for UE supporting inter-band carrier aggregation with mandatory simultaneous Rx/Tx capability.

	Table 5.5A.3.1-1
	NOTE 12: UL configurations are for non-simultaneous Rx/Tx operation.

	Table 6.2A.4.2.3-1
	NOTE 2:	Only applicable for UE supporting inter-band carrier aggregation with uplink in one NR band and without simultaneous Rx/Tx.

	
	NOTE 3:	Applicable for UE supporting inter-band carrier aggregation without simultaneous Rx/Tx.

	
	NOTE 8:	The requirements only apply for UE supporting inter-band carrier aggregation with simultaneous Rx/Tx capability, and NR UL carrier frequencies are confined to 3700 MHz-3800MHz for n78 and 4400 MHz-4500MHz for n79. Simultaneous Rx/Tx capability does not apply for UEs supporting band n78 with a n77 implementation.

	
	NOTE 7:	The requirements only apply for UE supporting inter-band carrier aggregation with simultaneous Rx/Tx capability, and NR UL carrier frequencies are confined to 3700 MHz-3800MHz for n78 and 4400 MHz-4500MHz for n79. Simultaneous Rx/Tx capability does not apply for UEs supporting band n78 with a n77 implementation.



Looking at the numerous notes it is not always clear whether they were intended to mandate the simultaneous Rx/Tx capability, or they are exceptions to the simultaneous Rx/Tx capability.
[bookmark: _Toc149912998]There is a large number of Notes within TS 38.101-1 related to simultaneous Rx/Tx, it is not always clear which mandates the simultaneous Rx/Tx capability and which doesn’t.
Further, in TS 38.101-1 it is stated that if a lower order band combination, i.e. a band combination with a lower number of bands, is mandated to support the simultaneous Rx/Tx capability then all higher order band combinations also is mandated to support simultaneous Rx/Tx capability. This applies both to CA and DC band combinations.
5.2A.2	Inter-band CA – TS 38.101-1:
	[bookmark: _Hlk146026335]If the mandatory simultaneous Rx/Tx capability applies for a lower order band combination, when the applicable lower order band combination is a band pair in a higher order band combination, the mandatory simultaneous Rx/Tx capability also applies for the band pair in the higher order band combination.




5.2B	Operating bands for DC – TS 38.101-1:
	If the mandatory simultaneous Rx/Tx capability applies for a band combination, the mandatory simultaneous Rx/Tx capability also applies for the band combination when the applicable band combination is a subset of a higher order band combination.



[bookmark: _Toc149912999]If a lower order band combination (CA or DC) is mandated to support the simultaneous Rx/Tx capability, then all higher order band combinations also is mandated to support simultaneous Rx/Tx capability.
When investigating the specification and the listed band combinations it seems sometimes a note is also added for the higher order band combinations while there in other cases only are a note for the lowest order, i.e. the 2 band CA case. 
Discussion
Like for last meeting we discuss the possibility that some combination of CA TDD-TDD has associated a wrong use and purpose of the notes that are defined and used in TDD-TDD combinations. The analysis shows how complex the Notes for 2 CA are, and why it is required to simplify these Notes.
[bookmark: _Toc149913000]It seems at least some combination of CA TDD-TDD has associated a wrong use and purpose of the notes related to Simultaneous Rx/Tx.
In the Annex we again include the identified cases, as first discussed in [1], where it seems the notes have been applied.
[bookmark: _Hlk146198221]Based on the presented questions in the Annex and now captured also in the WF [2] from last meeting we believe that RAN4 needs to review the use of the notes currently in the specifications related to simultaneous Rx/Tx to ensure the use is aligned and there is common understanding whether or not a UE us expected to support simultaneous Rx/Tx and related potential issues to this.
[bookmark: _Toc149913001]RAN4 shall review combinations with simultaneous Rx/Tx currently in the specifications to assess whether all needed requirements are captured as expected. 
[bookmark: _Toc149913002]RAN4 shall discuss whether or not all of the notes, as listed in Table 1, are needed or these can be simplified/merged.
[bookmark: _Hlk149896462]When assessing Table 1 it seems at least Note 13 and Note 15 in Table 5.2A.2.1-1 are redundant and could be replaced by Note 9.
[bookmark: _Toc149913003]Note 13 and Note 15 in Table 5.2A.2.1-1 seems redundant.
It is therefore proposed to incorporate this change and Void Note 13 and Note 15 in Table 5.2A.2.1-1.
[bookmark: _Toc149913004]Void Note 13 and Note 15 in Table 5.2A.2.1-1 and apply Note 9 were used in the Table.
Further from the introduction it can be noted that the specification already has clarifications added that if a lower order band combination (CA or DC) is mandated to support the simultaneous Rx/Tx capability, then all higher order band combinations also is mandated to support simultaneous Rx/Tx capability for that band pair in the higher order band combination. Hence, it can be argued that the now non-consistent use of notes for higher order band combinations are not needed and should be removed.
[bookmark: _Toc149913005]RAN4 shall remove notes related to simultaneous Rx/Tx in all band combination tables except for the two band CA and DC combinations.

[bookmark: _Toc116995848]Conclusion
In the paper, the following Observations and Proposals were made:
Observation 1: The Simultaneous Rx/Tx UE capability is conditional mandatory and therefore it needs to be accurately noted in the RAN4 specification whether it is expected supported by the UE for a given band combination.
Observation 2: There is a large number of Notes within TS 38.101-1 related to simultaneous Rx/Tx, it is not always clear which mandates the simultaneous Rx/Tx capability and which doesn’t.
Observation 3: If a lower order band combination (CA or DC) is mandated to support the simultaneous Rx/Tx capability, then all higher order band combinations also is mandated to support simultaneous Rx/Tx capability.
Observation 4: It seems at least some combination of CA TDD-TDD has associated a wrong use and purpose of the notes related to Simultaneous Rx/Tx.
Proposal 1: RAN4 shall review combinations with simultaneous Rx/Tx currently in the specifications to assess whether all needed requirements are captured as expected.
Proposal 2: RAN4 shall discuss whether or not all of the notes, as listed in Table 1, are needed or these can be simplified/merged.
Observation 5: Note 13 and Note 15 in Table 5.2A.2.1-1 seems redundant.
Proposal 3: Void Note 13 and Note 15 in Table 5.2A.2.1-1 and apply Note 9 were used in the Table.
Proposal 4: RAN4 shall remove notes related to simultaneous Rx/Tx in all band combination tables except for the two band CA and DC combinations.
Observation 6: Current band combinations in the specification with no Notes related to simultaneous Rx/Tx seems to indicate operation both with and without simultaneous Rx/Tx.
[bookmark: _Toc116995849]
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Annex A
The specification allows combining carriers across schemes which makes TDD-TDD combinations having to support various aspects of the format in Table 2.
Table 2: Schemes for TDD-TDD combinations
	 
	Band 1
	Band 2
	

	Duplex Scheme
	TDD
	TDD
	Case

	Non-Simultaneous Rx/Tx
	RX
	RX
	A

	
	TX
	TX
	B

	Simultaneous Rx/Tx
	RX
	TX
	C

	
	TX
	RX
	D



From above, both case A and case B are either only transmitting or receiving within a given timeslot on both bands meaning that there will be no simultaneous Rx/Tx. For case C and D one band will either be transmitting or receiving while the other band is receiving or transmitting meaning that there will be a need for simultaneous reception while also transmitting within a given timeslot. 
A TDD-TDD band combination would be expected to follow the scheme of TDD, but since the two carriers may comply with different frame structures the TDD scheme may be altered. A TDD-TDD carrier combination can become an FDD scheme in the sense that the two carriers are located at different frequencies and their simultaneous activity is no longer restricted to transmission or reception only. These combinations challenges hardware implementation, since the traditional switches used in TDD schemes may not be supported with additional filters of the performance found in FDD duplex filters.
TDD-TDD combinations with No Note
If the TDD-TDD combination is defined without any note it follows Table .
[bookmark: _Ref143686555]Table 3: Scheme for TDD-TDD without note.
	 No Note
	Band 1
	Band 2

	scheme
	TDD
	TDD

	non-Simultaneous
	RX
	RX

	
	TX
	TX

	Simultaneous
	RX
	TX

	
	TX
	RX



· All states are supported.
· Not mandated to signal SimultaneousRxTxInterbandCA.
· All MSD tests are to be defined based on analysis.
From RAN4#104-bis comments on R4-2213222:
Company 1: “We should not preclude the simultaneous Rx/Tx of CA_n40_n41”
Company 2: “We see operator has the demands on different deployment scenarios for CA_n40-n41”
· Meaning “No Note” can be both with and without simultaneous Rx/Tx
[bookmark: _Toc149913006]Current band combinations in the specification with no Notes related to simultaneous Rx/Tx seems to indicate operation both with and without simultaneous Rx/Tx.
When operation both with and without simultaneous Rx/Tx is expected it is not clear when specific issues related to simultaneous Rx/Tx needs to be addressed.
Following MSD issues may occur:
· Simultaneous RX/TX -> potential cross-band. Cross-band missed in two of the CA combinations.
· Simultaneous RX/TX -> potential harmonic mixing
· Simultaneous RX/TX -> potential uplink harmonic
· IMD (overlapping TDD) not precluded for 3rd band RX (3CA only)
Table 4 shows the combinations without note.
[bookmark: _Ref143684995]Table 4: List of TDD-TDD combinations without Note
	
	ULCA
	Crossband
	Harmonic mixing
	UL harmonic
	ΔTIB,c

	CA_n34-n40
	x
	· (ACLR-4)
	-
	-
	-

	CA_n39-n40
	x
	· (ACLR-5)
	-
	-
	-

	CA_n39-n41
	x
	x (ACLR-8)
	-
	-
	x

	CA_n40-n41
	x
	x (ACLR-+1, ACLR-2)
	-
	-
	x

	CA_n50-n78
	x
	· 
	-
	-
	x

	CA_n78-n102
	x
	-
	-
	-
	x



From the examples above some questions could be raised:
· Why no crossband isolation for CA_n34-n40 and CA_n39-n40?
· Why is there no ΔTIB,c n34-n40 and CA_n39-n40 when there is for CA_n39-n41 and CA_n40-n41?

TDD-TDD combinations with Note 1
If the TDD-TDD combination is defined with Note 1: “Applicable for UE supporting inter-band carrier aggregation with mandatory simultaneous Rx/Tx capability.” it follows Table :
[bookmark: _Ref143686875]Table 5: Scheme for TDD-TDD with Note 1.
	Note 1
	Band 1
	Band 2

	scheme
	TDD
	TDD

	non-Simultaneous
	RX
	RX

	
	TX
	TX

	Simultaneous
	RX
	TX

	
	TX
	RX



· All states are supported.
· Mandated to signal SimultaneousRxTxInterbandCA.
Following MSD issues may occur:
· Simultaneous RX/TX -> potential cross-band. Cross-band missed in one of the CA combinations.
· Simultaneous RX/TX -> potential harmonic mixing. Missed in two of the CA combinations.
· Simultaneous RX/TX -> potential uplink harmonic. Missed in three of the CA combinations.
· IMD (overlapping TDD) not precluded for 3rd band RX (3CA only)
Table 6 shows the combinations with Note 1.
[bookmark: _Ref143687018]Table 6: List of TDD-TDD combinations with Note 1.
	
	ULCA
	Crossband
	Harmonic mixing
	UL harmonic
	ΔTIB,c

	CA_n34-n791
	x
	-
	-
	-
	x

	CA_n38-n781
	x
	x (ACLR-9)
	-
	-
	x

	CA_n38-n791
	-
	-
	-
	-
	x

	CA_n39-n791
	x
	-
	-
	-
	x

	CA_n40-n771
	x
	x (ACLR-12)
	x (UL3/DL2)
	-
	x

	CA_n40-n781
	x
	x (ACLR-12)
	x (UL3/DL2)
	-
	x

	CA_n40-n791
	x
	-
	- (UL1/DL2, UL2/DL1)
	· (UL2/DL1)
	x

	CA_n41-n481
	x
	x (ACLR-11)
	-
	-
	x

	CA_n41-n501
	x
	- (ACLR-10)
	-
	-
	x

	CA_n41-n771
	x
	x (ACLR-8)
	x (UL3/DL3, UL2/DL3)
	-
	x

	CA_n41-n781
	x
	x (ACLR-8)
	x (UL3/DL3, UL2/DL3)
	-
	x

	CA_n41-n791
	x
	-
	· (UL1/DL2)
	· (UL2/DL1)
	x

	CA_n46-n481
	x
	x
	x (UL2/DL3)
	-
	x

	CA_n46-n771
	x
	x
	x (UL2/DL3)
	-
	x

	CA_n46-n781
	x
	x
	x (UL2/DL3)
	-
	x

	CA_n48-n961
	x
	x
	x (UL2/DL3)
	· (UL2/DL1)
	x



From the examples above some questions could be raised:
· Why no UL harmonic and harmonic mix CA_n40-n79?
· Why no crossband isolation for CA_n41-n50?
· Why no UL harmonic and harmonic mix CA_n41-n79?
· Why no UL harmonic  CA_n48-n96?

TDD-TDD combinations with Note 5, 7, 9, 13, 15
If the TDD-TDD combination is defined with Note 5, 7, 9, 13 or 17, the combinations must follow as written in the following tables.
Table 7: List of TDD-TDD combinations with Note 5,7,9,13,15
	
	ULCA
	Crossband
	Harmonic mixing
	UL harmonic
	ΔTIB,c

	CA_n34-n419
	x
	x (ACLR-6)
	-
	-
	x

	CA_n38-n409
	-
	· 
	-
	-
	x

	CA_n46-n9615
	-
	- (ACLR-1)
	- (UL1/DL2)
	-
	x

	CA_n48-n539
	· 
	- (ACLR-11)
	-
	-
	x

	CA_n48-n7713
	-
	-
	- (UL1/DL2)
	-
	-

	CA_n77-n787
	-
	-
	- (UL1/DL2)
	-
	-

	CA_n77-n795,7
	x
	- (ACLR-3)
	- (UL1/DL2)
	-
	x

	CA_n78-n795
	x
	x (ACLR-8)
	- (UL1/DL2, UL2/DL3)
	-
	x



Table 8: Scheme for TDD-TDD with Note 5.
	Note 5
	n78
	n79

	scheme
	TDD
	TDD

	non-Simultaneous
	RX
	RX

	
	TX
	TX

	Simultaneous
	RX
	TX

	
	TX
	RX



Note 5: 	For UEs supporting band n77, the minimum requirements apply only when there is non-simultaneous Rx/Tx operation between n78-n79 NR carriers.
· All states are supported.
· Not mandated to signal SimultaneousRxTxInterbandCA.
· Requirements only in non-simultaneous Rx/Tx (No MSD between bands) if the UE supports n77.
· All MSD tests are to be defined if the UE doesn’t support band n77. 

From the examples above some questions could be raised:
· Why define crossband for CA_n78-n79? -> It is defined for solutions without n77 implementation.
· Why is there no harmonic mixing defined for CA_n78-n79? It must be defined for solutions without n77 implementation. Note 5 doesn’t prohibit the potential to support CA_n78-n79 without supporting n77 implementation.
· Why is Note 5 used on CA_n77-n79? Obviously, this has an n77 implementation and it may use Note 7.

Table 8: Scheme for TDD-TDD with Note 7.
	Note 7
	n77
	n78/n79

	scheme
	TDD
	TDD

	non-Simultaneous
	RX
	RX

	
	TX
	TX

	Simultaneous
	RX
	TX

	
	TX
	RX



Note 7:	The minimum requirements apply only when there is non-simultaneous Rx/Tx operation between n77-n78 or n77-n79 NR carriers.
· All states are supported.
· Not mandated to signal SimultaneousRxTxInterbandCA.
· Requirements only in non-simultaneous Rx/Tx (No MSD between bands) for CA_n77-n78, and CA_n77-n79.
· No other combinations can be made -> No MSD. 

From the examples above a question could be raised:
· Why is Note 5 used with Note 7 on CA_n77-n79? Obviously, this has an n77 implementation.

Table 9: Scheme for TDD-TDD with Note 9.
	Note 9
	Band 1
	Band 2

	scheme
	TDD
	TDD

	non-Simultaneous
	RX
	RX

	
	TX
	TX

	Simultaneous
	RX
	TX

	
	TX
	RX



Note 9: Only applicable for UE supporting inter-band carrier aggregation without simultaneous Rx/Tx

· All states are supported.
· Not allowed to declare SimultaneousRxTxInterbandCA if the CA has Note 9 declared.
· Requirements only in non-simultaneous Rx/Tx (No MSD between bands) -> No MSD

From the examples above a question could be raised:
· Why define crossband for CA_n34-n41 in Table 7? It is correctly omitted in CA_n48-n53, despite having a potential to happen if SimultaneousRxTx was supported.
Table 10: Scheme for TDD-TDD with Note 13.
	Note 13
	n48
	Band 2

	scheme
	TDD
	TDD

	non-Simultaneous
	RX
	RX

	
	TX
	TX

	Simultaneous
	RX
	TX

	
	TX
	RX



Note 13: Simultaneous Rx/Tx capability for TDD combinations does not apply for UEs supporting band n48 with an n77 implementation.
· All states are supported.
· Not mandated to signal SimultaneousRxTxInterbandCA.
· Only allowed to put note onto CA’s where one band is n48.
· Requirements only in non-simultaneous Rx/Tx (No MSD between bands) if the UE supports n77.
· All MSD tests are to be defined if the UE doesn’t support band n77.

From the examples above a question could be raised:
· Why use a new Note 13 in a single instance, when Note 9 would cover this exact one instance as it has for CA_n48-n53? CA_n48-n77 cannot be implemented without supporting an n77 implementation, which means it will always follow only non-simultaneous requirements that Note 13 declares. Therefore, there will never be any MSD requirements, which is exactly achieved with Note 9.
Table 11: Scheme for TDD-TDD with Note 15
	Note 15
	n46
	n96

	scheme
	TDD
	TDD

	non-Simultaneous
	RX
	RX

	
	TX
	TX

	Simultaneous
	RX
	TX

	
	TX
	RX



NOTE 15: Simultaneous Rx/Tx capability does not apply for UEs supporting CA_n46-n96. Same restrictions are applied when applicable NR CA configuration is part of a higher order configurations.
· All states are supported.
· Not mandated to signal SimultaneousRxTxInterbandCA.
· Only allowed to put note onto CA’s where the two bands are n46 and n96.
· Requirements only in non-simultaneous Rx/Tx (No MSD between bands).

From the examples above a question could be raised:
· Why use a new Note 15 in a single instance, when Note 9 would cover this exact one instance?

