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Introduction
In last RAN4 meeting, correction of DC_42_n79 simultaneous Tx/Rx operation has been discussed extensively [1]. There are still some remaining issues for specific UE implementation as well as the MSD requirement, but the paper here is not discussing the issues for DC_42_n79. Instead, we think other aspects for simultaneous Rx/Tx capability also should be discussed, which include:
1. ambiguity among the mandatory simultaneous Rx/Tx capability, non-simultaneous Rx/Tx operation and none indication of the capability
2. capability inconsistency for the fall back two-band combinations and high order combinations
This contribution provides some consideration for the above aspects related to simultaneous Rx/Tx capability.
Discussion
RAN2 UE capability
Simultaneous Rx/Tx capability for inter-band CA, SUL and EN-DC band combinations are specified in RAN2 spec as below:
	simultaneousRxTxInterBandCA
Indicates whether the UE supports simultaneous transmission and reception in TDD-TDD and TDD-FDD inter-band NR CA. It is mandatory for certain TDD-FDD and TDD-TDD band combinations defined in TS 38.101-1 [2], TS 38.101-2 [3] and TS 38.101-3 [4].
	BC
	CY
	N/A
	N/A

	simultaneousRxTxSUL
Indicates whether the UE supports simultaneous reception and transmission for a NR band combination including SUL. Mandatory/Optional support depends on band combination and captured in TS 38.101-1 [2].
	BC
	CY
	N/A
	N/A

	simultaneousRxTxInterBandENDC
Indicates whether the UE supports simultaneous transmission and reception in TDD-TDD and TDD-FDD inter-band (NG)EN-DC/NE-DC. It is mandatory for certain TDD-FDD and TDD-TDD band combinations defined in TS 38.101-3 [4].
	BC
	CY
	N/A
	N/A



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. However, it may be ambiguous whether to report the capability especially for the combinations without superscript indication in the RAN4 spec. 
On the other hand, the capability is per band combination defined, which may not be aligned with the RAN4 spec.
Simultaneous Rx/Tx in RAN4 spec
Simultaneous Rx/Tx capability is indicated as a mandatory capability for some band combinations, while for some band combinations, they are indicated with a note that the requirements are complied with non-simultaneous Rx/Tx operation condition. But for most of the CA or EN-DC combinations, there is no indication on the non-simultaneous Rx/Tx condition. In our understanding, the notes in RAN4 spec just provide the conditions of complying the minimum requirements. Roughly, the UEs can be categorised into three types in terms of the simultaneous Rx/Tx capability, i.e.
3. for UE supports a band combination with mandatory indication in the spec, the simultaneous Rx/Tx capability is mandatorily reported for the band combination
4. for UE supports a band combination with non-simultaneous Rx/Tx indication in the spec, the capability is not reported and requirements are met under the non-simultaneous Rx/Tx operation condition for the combo
5. for UE supports a band combination without any indicated notes, whether the UE reports the capability is based on the implementation. 
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]For the first two types, the capability and applicable requirements are clear, but for the third one, it should be clear that if the UE has the capability for simultaneous Rx/Tx, the UE shall reports the capability. By default, or if the capability is absent, it means UE does not support simultaneous Rx/Tx. 
Observation 1: For TDD-FDD CA/EN-DC combinations, besides the combinations with mandatory simultaneous Rx/Tx operation, for combinations without any note indication, UE shall signals the capability if the UE does support simultaneous Rx/Tx based on its implementation, otherwise, if capability is not reported or absent, it means that the band combination does not support simultaneous Rx/Tx.
Inter-band CA
For inter-band CA, we have band combinations up to 4 bands in the specification. However, the Note with mandatory simultaneous Rx/Tx capability is only included in the table for 2 bands, which is not aligned with the real scenario. Even for the higher order band combinations, the capability should also be considered. 
As an example, we listed some of the band combinations as below, it can be seen that with such capability indicated in 2-band combination, but no information for 4 band combination, even 2 band combo is a fallback mode in the spec.
Table 5.2A.2.1-1: Inter-band CA operating bands involving FR1 (two bands)
	NR CA Band
	NR Band
(Table 5.2-1)

	CA_n3-n771
	n3, n77

	CA_n3-n781
	n3, n78

	CA_n3-n791
	n3, n79

	CA_n41-n791,3
	n41, n79

	CA_n78-n795
	n78, n79

	NOTE 1:	Applicable for UE supporting inter-band carrier aggregation with mandatory simultaneous Rx/Tx capability.
NOTE 5:	Simultaneous Rx/Tx capability does not apply for UEs supporting band n78 with a n77 implementation.


Table 5.2A.2.3-1: Inter-band CA operating bands involving FR1 (four bands)
	NR CA Band
	NR Band
(Table 5.2-1)

	CA_n1-n3-n7-n78
	n1, n3, n7, n78

	CA_n1-n3-n8-n78
	n1, n3, n8, n78

	CA_n1-n3-n28-n78
	n1, n3, n28, n78

	CA_n3-n7-n28-n78
	n3, n7, n28, n78

	CA_n7-n25-n66-n78
	n7, n25, n66, n78


So far, all the discussions of non-simultaneous Rx/Tx operation condition are for TDD-TDD band combination. There are some sporadic FDD-TDD band combination indicated as mandatory supporting of simultaneous Rx/Tx in RAN4 spec, but we see no clear criteria whether a FDD-TDD band combination can mandatorily support simultaneous Rx/Tx. In our view, there is no obvious judgement that simultaneous Rx/Tx cannot be supported for the FDD-TDD band combination. 
Observation 2: there is no obvious judgement that simultaneous Rx/Tx cannot be supported for the FDD-TDD band combination, which means UE shall report simultaneous Rx/Tx capability for all FDD-TDD two-band combinations by default unless otherwise indicated. 
A growing number of band combinations means it is more difficult to maintain the consistent relation in the spec of the fall back mode and high order combination configurations. If no specific concern on the FDD-TDD band combinations, we think that it would be easier to only indicate simultaneous Rx/Tx condition for TDD-TDD CA/EN-DC band combinations in the spec. 
Proposal 1: For FDD-TDD CA/EN-DC band combinations, remove the indication of mandatory simultaneous Rx/Tx operation condition in the spec, instead, only indicate non-simultaneous Rx/Tx for the band combination if identified, and by default UE shall report simultaneous Rx/Tx capability for two-band FDD-TDD band combinations. 
Inter-band EN-DC
Similar issue for inter-band CA also exists for inter-band EN-DC. In Note 3 of the table below, there is an additional clarification that “This restriction applies also for these carriers when applicable EN-DC configuration is part of a higher order EN-DC configuration.” However, similar description is not applied for the combination with mandatory simultaneous Rx/Tx condition and the high order combinations. And the indication of mandatory capability for the high order combinations are not specified in a generic way. We see some of the band combinations are marked with Note 3 for mandatory supporting simultaneous Rx/Tx but others are not, in which there is no clear criteria on how to select the identified combinations in the spec. 
For example, DC_7A-20A_n28A-n78A is with the mandatory note, but not for the band combinations of DC_7A-20A_n3A-n78A and DC_7A-28A_n3A-n78A, and it is noted that CA_n3_n78 also supports simultaneous Rx/Tx mandatorily, the application principle of the Note for these relevant combinations is weird.
Table 5.5B.4.1-1: Inter-band EN-DC configurations within FR1 (two bands)
	[bookmark: _Hlk516090533]EN-DC
configuration
	Uplink EN-DC
configuration
(NOTE 1)
	Single UL allowed

	DC_1A_n77A7
DC_1A_n77C7
	DC_1A_n77A
	DC_1_n77

	DC_1A_n77(2A)
	DC_1A_n77A
	DC_1_n77

	DC_1A_n78A7
DC_1A_n78C7
	DC_1A_n78A
	No

	DC_1A_n78(2A)7
	DC_1A_n78A
	No

	DC_1A_n79A7
DC_1A_n79C7
	DC_1A_n79A
	No

	DC_42A_n77A3,4,9,11
DC_42A_n77C3,4,9,11
DC_42C_n77A3,4,9,11
DC_42C_n77C3,4,9,11
DC_42D_n77A3,4,9,11
DC_42D_n77C
DC_42E_n77A3,4,9,11
DC_42E_n77C
	N/A
	N/A

	DC_42A_n77(2A)3,4,9,11
DC_42C_n77(2A)3,4,9,11
	N/A
	N/A

	NOTE 3: 	The minimum requirements apply only when there is non-simultaneous Tx/Rx operation between E-UTRA and NR carriers. This restriction applies also for these carriers when applicable EN-DC configuration is part of a higher order EN-DC configuration.
NOTE 7:	Applicable for UE supporting inter-band EN-DC with mandatory simultaneous Rx/Tx capability.



Observation 3: Indications of mandatory capability for a higher order band combination are not specified in a consistent and generic method. 
Proposal 2: The restriction note similar to non-simultaneous Tx/Rx operation should also be considered for fall back mode to support mandatory simultaneous Tx/Rx operation.
Proposal 3: Revise the Notes in the spec to make the capability consistent for all of the fall back and higher order combinations for TDD-TDD and TDD-FDD CA/EN-DC combinations.
Conclusion
Some consideration on simultaneous Rx/Tx capability are provided in this contribution. Based on the discussion, we have the following observations and proposals:
Observation 1: For TDD-FDD CA/EN-DC combinations, besides the combinations with mandatory simultaneous Rx/Tx operation, for combinations without any note indication, UE shall signals the capability if the UE does support simultaneous Rx/Tx based on its implementation, otherwise, if capability is not reported or absent, it means that the band combination does not support simultaneous Rx/Tx.
Observation 2: there is no obvious judgement that simultaneous Rx/Tx cannot be supported for the FDD-TDD band combination, which means UE shall report simultaneous Rx/Tx capability for all FDD-TDD two-band combinations by default unless otherwise indicated. 
Observation 3: Indications of mandatory capability for a higher order band combination are not specified in a consistent and generic method. 
Proposal 1: For FDD-TDD CA/EN-DC band combinations, remove the indication of mandatory simultaneous Rx/Tx operation condition in the spec, instead, only indicate non-simultaneous Rx/Tx for the band combination if identified, and by default UE shall report simultaneous Rx/Tx capability for two-band FDD-TDD band combinations. 
Proposal 2: The restriction note similar to non-simultaneous Tx/Rx operation should also be considered for fall back mode to support mandatory simultaneous Tx/Rx operation.
Proposal 3: Revise the Notes in the spec to make the capability consistent for all of the fall back and higher order combinations for TDD-TDD and TDD-FDD CA/EN-DC combinations.
Companion CRs are provided in [3][4] to improve the applicability of the simultaneous Rx/Tx operation condition in the spec.
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