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1	Introduction 
RAN4 approved an LS to RAN2 on the topic of the simultaneous Tx/Rx capability for NR-DC during the RAN4 #97 meeting with the following information [1]:

	[bookmark: OLE_LINK205][bookmark: OLE_LINK206]1. Overall Description:
[bookmark: OLE_LINK203][bookmark: OLE_LINK204]Simultaneous Rx/Tx capability for TDD-TDD and TDD-FDD inter-band CA, SUL and EN-DC band combinations has been discussed in RAN4. It is identified that there are some ambiguity on the applicability of simultaneous Rx/Tx condition for an inter-band combination, especially for the combination having more than two bands. As an example, for CA_n39-n41-n79, if UE supports simultaneous Rx/Tx capability for CA_n41-n79 but not for CA_n39-n41, the simultaneous Rx/Tx capability shall not be reported for CA_n39-n41-n79. However, since the capability of the fallback mode is different from the higher order band combination, simultaneous Rx/Tx capability for CA_n41-n79 shall be reported additionally. 

For a band combination with different simultaneous Rx/Tx capability for the fallback mode, RAN4’s understanding is that the network shall also consider the fallback mode capability to decide the UL/DL scheduling among all bands for this band combination. It’s not clear whether the current RAN2 specification supports this kind of understanding. If not or if it can only be derived implicitly, RAN4 would like to see some explicit clarification in the RAN2 specification. 

In addition, it is RAN4 understanding that absence of the simultaneous Rx/Tx capability for TDD-TDD and TDD-FDD inter-band CA, SUL and EN-DC band combinations C means that simultaneous RX/TX is not supported for the band combination, otherwise, if simultaneous Rx/Tx capability is supported, the capability indication must be set to “supported”.

For the question raised by RAN2 on whether the simultaneous RxTx UE capability is needed for inter-band NR-DC (for TDD-TDD and TDD-FDD band combinations), RAN4 thinks that the capability is needed, and same principles used for simultaneousRxTxInterBandCA as well as clarification consideration above shall also be applied for NR-DC. 

2. Actions:
To RAN2:
ACTION: RAN4 respectfully asks RAN2 to take the above RAN4 consideration on simultaneous Rx/Tx capability into account.




During the RAN2 #113 meeting RAN2 has sent the following LS response to RAN4 [3]:

	1. Overall Description:
RAN2 would like to thank RAN4 for the LS on simultaneous Rx/Tx capability. RAN2 discussed the legacy signalling design for simultaneous Rx/Tx capability for TDD-TDD and TDD-FDD inter-band CA, SUL and EN-DC band combinations.

RAN2 concluded that
-	The simultaneousRxTxInterBandCA capability applies to any of the two NR bands (if applicable) in a band combination (except for NR-DC), and UE shall only include this capability if it supports simultaneous Rx/Tx capability on all applicable NR band pairs. The UE shall additionally include fallback band combination with different simultaneous RxTx capability (if supports) compared to the corresponding superset band combination;
-	The absence of the field simultaneousRxTxInterBandCA implies that simultaneous RX/TX is not supported for the band combination;
-	With the legacy RAN2 signalling, it is feasible to indicate simultaneous RxTx UE capability separately for NR CA and NR-DC. However RAN2 is not sure how or whether this capability applies across cell-groups in NR-DC, when reported by the UE, and requests RAN4 to clarify.
In addition, RAN2 concluded that the UE capability signalling does not account for the indication of support of a feature that needs to be derived from multiple band combinations. RAN2 kindly asks RAN4 to inform RAN2 if there is any further cases need to be covered from RAN4 perspective.

2. Actions:
To RAN4:
ACTION: RAN2 respectfully asks RAN4 to take above response into account and provide more information for the question asked above.




This contribution elaborates further on some potential relationships between simultaneousTxRxInterBandCA and NR-DC operation and provides a draft response LS to the latest RAN2 correspondence.

2	Discussion 
RAN4 has agreed that a simultaneous Rx/Tx capability is required for inter-band NR-DC and has affirmed this conclusion with [1].  Similarly to the justification for the capabilities of Simultaneous Rx/Tx for NR CA and EN-DC, as captured in the related RAN4 LS [2], simultaneous Rx/Tx for inter-band NR-DC is a band combination specific capability (for both TDD-TDD and TDD-FDD combinations).  By default, it is an optional capability for the UE to support, and it can be mandatory to support for specific configurations, which are designated in the specification.  It is our understanding that RAN4 will agree band combinations for which the capability is mandatory, for all other band combinations the capability is optional.

Thus, RAN4 will specify NR-DC configurations as well as for which combinations simultaneous Rx/Tx is mandatory in the following specifications:
-	TS 38.101-1 the NR-DC configurations within FR1
-	TS 38.101-3 the NR-DC configurations between FR1 and FR2

Considering the two flavors of NR-DC (syncronous and asynchronous), it is useful to consider the potential relationship between the two simultaneous Tx/Rx capabilities for NR CA and for NR-DC, as summarized in Table 1 below.

Table 1: Summary of simultaneous Tx/Rx scenarios with NR CA and NR-DC
	Scenario
	SFN aligned
	Frame aligned
	Slot aligned
	MRTD
	Simultaneous Tx/Rx
	Non-simultaneous Tx/Rx

	NR CA (intra-band)
	x
	x
	x
	3 us
	For TDD: not possible from UE perspective
For FDD: depends on scenario, requirements, and UE implementation
	Network accommodates Tx-Rx transition time, MRTD, and TA in scheduling

	NR CA (inter-band)
	x
	x
	x
	33 us
	For TDD: depends on scenario and UE capability
For FDD: depends on scenario, requirements, and UE implementation
	

	Async NR CA (inter-band)
	
	
	x
	33 us
	For TDD: depends on scenario and UE capability
For FDD: depends on scenario, requirements, and UE implementation
	

	Sync NR-DC (intra-band)
	
	
	x
	3 us
	For TDD: not possible from UE perspective
For FDD: depends on scenario, requirements, and UE implementation
	

	Sync NR-DC (inter-band)
	
	
	x
	33 us
	For TDD: depends on scenario and UE capability
For FDD: depends on scenario, requirements, and UE implementation
	

	Async NR-DC (inter-band)
	
	
	
	500 us
	For TDD: depends on scenario and UE capability
For FDD: depends on scenario, requirements, and UE implementation
	Not possible

	NOTE 1: Assuming 15 kHz SCS
NOTE 2: Tx-Rx transition time for non-simultaneous Tx/Rx = 13us [TS 38.211]
NOTE 3: Async NR-DC (intra-band) is not a valid scenario
NOTE 4: MRTD values are provided according to TS38.133



Based on this analysis, we make the following observations:

[bookmark: _Toc61531897][bookmark: _Toc61532459][bookmark: _Toc61532470][bookmark: _Toc61532736][bookmark: _Toc61569706][bookmark: _Toc61569764][bookmark: _Toc61613327][bookmark: _Toc68153131]Observation 1:	If the UE does not support simultaneous Tx/Rx for a particular CA configuration, then it cannot support simultaneous Tx/Rx for NR-DC (sync or async).

[bookmark: _Toc61532460][bookmark: _Toc61532471][bookmark: _Toc61532737][bookmark: _Toc61569707][bookmark: _Toc61569765][bookmark: _Toc61613328][bookmark: _Toc68153132]Observation 2:	If the UE supports simultaneous Tx/Rx for 2 UL CA, then UE also supports simultaneous Tx/Rx for NR-DC (sync and async) with the same bands as the CA configuration.

Given these observations, we do note that the RAN4 agreement to recommend to introduce separate signaling for simultaneous Tx/Rx for NR-DC vs. NR CA is useful and does not harm possible UE and network implementation flexibility.

Considering the NR CA scenarios more closely, there are situations where the network can benefit from a capability signaling structure of simultaneous Tx/Rx based on the configured UL band.  Taking CA_n1_n40 as an example, the UE could support simultaneous Tx/Rx if UL is n1 but not if UL is n40.

[bookmark: _Toc61532461][bookmark: _Toc61532472][bookmark: _Toc61532738][bookmark: _Toc61569708][bookmark: _Toc61569766][bookmark: _Toc61613329][bookmark: _Toc68153133]Observation 3:	For CA configurations with 1 UL, simultaneous Tx/Rx support can be dependent on the configured UL band.

The latest question in the RAN2 LS is the following:
-	With the legacy RAN2 signalling, it is feasible to indicate simultaneous RxTx UE capability separately for NR CA and NR-DC. However RAN2 is not sure how or whether this capability applies across cell-groups in NR-DC, when reported by the UE, and requests RAN4 to clarify.

It is our understanding that the RAN2 signaling design of separating RxTx capabilities between NR CA and NR-DC is well aligned with the scenarios captured in Table 1, as well as Observations 1 and 2.

[bookmark: _Toc68153134]Observation 4:	The RAN2 signaling design of separating RxTx capabilities between NR CA and NR-DC is well aligned with the possible simultaneous Tx/Rx scenarios involving NR CA and NR-DC.

The question of applicability of this signaling across cell groups raises the following considerations:
-	Whether the NR CA or NR-DC configuration is exclusively within FR1, FR2, or includes both FR1 and FR2
-	Whether synchronization can be assumed between the carriers (i.e. what MRTD requirements apply to the combination)
-	Whether the carriers are FDD or TDD 

The following observation from RAN2 is also related to the above considerations:
-	In addition, RAN2 concluded that the UE capability signalling does not account for the indication of support of a feature that needs to be derived from multiple band combinations. RAN2 kindly asks RAN4 to inform RAN2 if there is any further cases need to be covered from RAN4 perspective.

As illustrated in Table 1, the determination whether the UE can support simultaneous Tx/Rx in a particular NR CA or NR-DC configuration is conditioned on whether the configuration is synchronous or not (i.e. what MRTD requirements apply to the combination), carrier type, scenario, and UE implementation.

[bookmark: _Toc54340117][bookmark: _Toc54340222][bookmark: _Toc54340497][bookmark: _Toc54349274][bookmark: _Toc61530970][bookmark: _Toc61531810][bookmark: _Toc61531898][bookmark: _Toc61532462][bookmark: _Toc61532473][bookmark: _Toc61532739][bookmark: _Toc61569709][bookmark: _Toc61569767][bookmark: _Toc61613330][bookmark: _Toc68153135]Proposal 1:	It is recommended to respond to RAN2 with a request to clarify how the UE capability signaling on simultaneous Tx/Rx is related to synchronous and asynchronous NR CA and NR-DC configurations.

A draft of the LS response is provided in the Annex of this contribution.
3	Conclusions
This contribution has provided our views on the potential relationship between simultaneousTxRxInterBandCA and NR-DC operation, and has made the following observations and proposals:

Observation 1:	If the UE does not support simultaneous Tx/Rx for a particular CA configuration, then it cannot support simultaneous Tx/Rx for NR-DC (sync or async).
Observation 2:	If the UE supports simultaneous Tx/Rx for 2 UL CA, then UE also supports simultaneous Tx/Rx for NR-DC (sync and async) with the same bands as the CA configuration.
Observation 3:	For CA configurations with 1 UL, simultaneous Tx/Rx support can be dependent on the configured UL band.
Observation 4:	The RAN2 signaling design of separating RxTx capabilities between NR CA and NR-DC is well aligned with the possible simultaneous Tx/Rx scenarios involving NR CA and NR-DC.

Proposal 1:	It is recommended to respond to RAN2 with a request to clarify how the UE capability signaling on simultaneous Tx/Rx is related to synchronous and asynchronous NR CA and NR-DC configurations.

A draft of the LS response is provided in the Annex of this contribution.
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Annex: LS text proposal
<< start of text proposal >>

1. Overall Description:
RAN4 thanks RAN2 for the LS in R4-2104478/R2-2102495 and has further discussed the UE capabilities for simultaneous Tx/Rx for NR CA and NR-DC.  RAN4 has concluded the following additional clarifications can be useful to share with RAN2:

-	If UE does not support simultaneous Tx/Rx for a particular CA configuration, then it cannot support simultaneous Tx/Rx for NR-DC (sync or async).
-	If the UE supports simultaneous Tx/Rx for 2 UL CA, then UE also supports simultaneous Tx/Rx for NR-DC (sync and async) with the same bands as the CA configuration.
-	For CA configurations with 1 UL, simultaneous Tx/Rx support can be dependent on the configured UL band.
-	The determination whether the UE can support simultaneous Tx/Rx in a particular NR CA or NR-DC configuration is conditioned on whether the configuration is synchronous or not (i.e. what MRTD requirements apply to the combination), carrier type, scenario, and UE implementation

2. Actions:
To RAN 2
ACTION: 	
RAN4 recommends RAN2 to take the above information and evaluate if the cell-grouping signaling for sync and aysnc NR-DC can be used by the UE for signaling simultaneous Tx/Rx capability assuming that this capability is only applicable to carriers within a cell group.

<< end of text proposal >>
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