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Clarification on notations
Naming scheme for simultaneous Rx/Tx
[bookmark: _Toc146198277]Simultaneous transmit and receive is referred in the specs, technical reports and text proposals in various ways. There exist two orders (“Rx/Tx” and Tx/Rx”). RAN4 shall clarify if there is any significance to whether Rx or Tx are noted first when referring to simultaneous Rx/Tx. If not, then RAN4 needs to decide whether the different orders should be aligned throughout all documents.
<Way forward >:
· There is no difference between “Rx/Tx” and Tx/Rx”. 
· The naming schemes should be aligned if possible.

Naming scheme for simultaneous Rx/Tx
Simultaneous Rx/Tx needs to be considered for FDD bands in combination with a TDD band and in some cases when two TDD bands are combined. This is further described in TR 38.839 [1]: 
	For FR1+FR1 FDD-TDD band combination, 
Simultaneous Rx/Tx is the default capability in FDD-TDD FR1 band combinations.
For TDD-FDD combinations, the capability is mandatory without checking if there are no MSD issues and frequency range is not adjacent to each other for the band combinations.
For TDD-FDD combinations with REFSENS degradation due to self-interference, MSD caused by harmonics/IMD, etc. should be defined. For some band combinations that are close in frequency, e.g. bands n7 and n38, other methods to mitigate interference can be considered as well. Simultaneous Rx/Tx capability for this kind of special cases could be handled separately from those having MSD issues.
Case by case analysis is considered for FR1 FDD-TDD band combination which may have difficulty to support simultaneous Rx/Tx operation, e.g. with large MSD. If a FR1 FDD-TDD band combination is identified which cannot support simultaneous Rx/Tx operation, a note similar to FR1 TDD-TDD band combination shall be indicated in the specification, and for such operation the minimum requirements are not applicable for this band combination. Otherwise, the FR1 FDD-TDD band combination with MSD can support simultaneous Rx/Tx operation.




From the excerpt from 38.839 it shall be noted that TDD and FDD are used with different orders. RAN4 shall clarify whether there is any significance to whether FDD or TDD are noted first when referring to simultaneous Rx/Tx.


<Way forward >: 
· There is no difference between “FDD-TDD” and TDD-FDD”. 
· The naming schemes should be aligned if possible.

Aspects for combinations without mandatory simultaneous Rx/Tx
For TDD-TDD band combination simultaneous Rx/Tx capability needs to be considered case-by-case. Current band combinations in the specification with no Notes related to simultaneous Rx/Tx seems to indicate that operation is possible both with and without simultaneous Rx/Tx.
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)
[image: ]
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?

<Way forward>: 
· Companies are asked to identify missing requirements for existing band combinations without note of mandatory simultaneous Rx/Tx
· Handling the missing requirement of the band combinations in simultaneous Rx-Tx WI instead of Maintenance session
Aspects for minimum requirements for non-simultaneous Rx/Tx 
There exist several TDD-TDD band combinations where the minimum requirements apply only when there is non-simultaneous Rx/Tx operation between the TDD bands. The list below contains a summary on such combinations.
[image: A table with text and numbers
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The definition of the notes is provided below:
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.
Note 7:	The minimum requirements apply only when there is non-simultaneous Rx/Tx operation between n77-n78 or n77-n79 NR carriers.
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.
Open questions:
· 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.
· Why is Note 5 used with Note 7 on CA_n77-n79? Obviously, this has an n77 implementation.
· 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 simultaneous Rx/Tx was supported.
· 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.
· Why use a new Note 15 in a single instance, when Note 9 would cover this exact one instance?
[bookmark: _Toc146198284]For further details please observe discussion paper R4-2316097.

<Way forward>: RAN4 shall review the use of notes related to simultaneous Rx/Tx currently used in the specifications and whether all potential needed requirements are captured as expected. Companies are asked to provide proposals for simplification and increasing consistency. 

Support of mandatory simultaneous Rx/Tx capability
Testing aspects for mandatory simultaneous Rx/Tx
If a TDD-TDD combination is defined with 
Note 1: “Applicable for UE supporting inter-band carrier aggregation with mandatory simultaneous Rx/Tx capability.” 
a UE is required to support simultaneous transmit on one TDD band and receive on the other TDD band. Despite the need of supporting this capability for the specific band combination the spec does not exclude simultaneous transmit on both TDD bands. Simultaneous transmit would create intermodulation produces which could potentially fall into the Rx of a third band.
In case of three band combinations IMDs could fall into the Rx of the third band and potentially cause self-interference. Consequently, compliance with the default reference sensitivity cannot be achieved and relaxation is required. In case of non-simultaneous Rx/Tx it is comprehensible that MSD needs to be defined. In case of (mandatory) simultaneous Rx/Tx there RAN4 needs to find a common understanding whether MSD is required or not. 
As an example, the band combination CA_n3-n40-n78 consists of two TDD and one FDD band. In the case of both TDD bands transmitting at the same time an IMD is created which could fall into band n3 Rx. This causes self-interference and therefore requires defining MSD. The situation is special as the lower order combination CA_n40-n78 has mandatory support for simultaneous Rx/Tx. This requires mandatory support for simultaneous Rx/Tx for the n40 and n78 band pair in the band combination.
Requirements need to reflect the possibility of self-interference by defining MSD. If no MSD is defined and tests are not properly done the UE performance in the field might be undefined. Consequently, a LS should be sent to RAN5 to clarify the correct understanding.
For further details please observe discussion paper R4-2315377.

<Way forward>:
- Simultaneous Rx-Tx capability does not prevent simultaneously transmit on two bands. Simultaneously transmit on the two bands is possible even in case of mandatory support.
- With the understanding above, any potential self-interference needs to be covered by specifying test points and MSD.
- RAN4 to further check whether LS to RAN5 is needed to clarify the meaning of mandatory simultaneous Rx/Tx

Requirements for mandatory simultaneous Rx/Tx
In case of band combinations with mandatory simultaneous Rx/T the requirements are not defined consistently. Relaxations for UL harmonic and harmonic mixing are defined for some combinations while other combinations are left out. The table below summarises the current state:
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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?

For further details please observe discussion paper R4-2316097.

<Way forward>:
-	In case of CA with mandatory support for simultaneous Rx/Tx the requirements necessary relaxation for harmonic, harmonic mixing, intermodulation and cross-band isolation needs to be defined.
-  Potential self-interference needs to be covered by specifying test points and MSD.
-  Companies are asked to identify missing requirements for existing band combinations with mandatory simultaneous Rx/Tx and provide proposals accordingly. 
· Handling the missing requirement of the band combinations in simultaneous Rx-Tx WI instead of Maintenance session
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List of TDD-TDD combinations with Note 1.

ULCA | Crossband Harmonic mixing UL harmonic AT
CA_n34-n79* X - - - X
CA_n38-n78* X x (ACLR-9) - - X
CA_n38-n79' - - - - X
CA_n39-n79! X - - - X
CA_n40-n77" X x (ACLR-12) x (UL3/DL2) - X
CA_n40-n78" X x (ACLR-12) x (UL3/DL2) - X
CA_n40n79' | x : -(ULY/DL2, UL2/DLY) | - (UL2/DLY) | x
CA_n41-n48* X x (ACLR-11) - - X
CA_n41-n50' | «x - (ACLR-10) - - X
CA_n41-n77" X x (ACLR-8) x (UL3/DL3, UL2/DL3) - X
CA_n41-n78" X x (ACLR-8) x (UL3/DL3, UL2/DL3) - X
CA_n41n79' | x - - (/o) | - (UL2/DLY) | x
CA_n46-n48! X X x (UL2/DL3) - X
CA_n46-n77* X X x (UL2/DL3) - X
CA_n46-n78* X X x (UL2/DL3) - X
CA_n48-n96* | « X x (UL2/DL3) - [o@pE) | x
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List of TDD-TDD combinations without Note

ULCA Crossband Harmonic mixing | UL harmonic AT
CA_n34-n40 X - -
CA_n39-n40 X - -
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
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List of IDD-1DD combinations with Note 5,7,9,13,15

ULCA Crossband Harmonic mixing UL harmonic ATgc
CA_n34-n41° X x (ACLR-6) - - X
CA_n38-n40° - - - - X
CA_n46-n96%° - - (ACLR-1) - (UL1/DL2) - X
CA_n48-n53° - - (ACLR-11) - - X
CA_n48-n77% - - - (UL1/DL2) - -
CA_n77-n78’ - - - (UL1/DL2) - -
CA_n77-n79%7 X - (ACLR-3) - (UL1/DL2) - X
CA_n78-n79° X X (ACLR-8) - (UL1/DL2, UL2/DL3) - X





