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1  Introduction 
The initial introduction of simultaneous Rx/Tx was made in Rel-15. Since then, the feature was developed and expanded throughout later releases by introducing new signaling options with improved granularity for higher order combinations. Multitudes of band combinations were added since Rel-15 with either optional or mandatory support of simultaneous transmit and receive. This contribution discusses the understanding of ‘mandatory simultaneous Rx/Tx’ and the significance for testing.
2  Discussion
There exist several signaling options for CA, ENDC and SUL allowing the UE to indicate support of the feature. Figure 1 displays IE simultaneousRxTxInterBandCA defined in [1] which shall serve as an example for further discussion. The capability is indicated per band combination and conditional mandatory as described in the field. 
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Figure 1: Simultaneous Rx/Tx signaling option for inter-band carrier aggregation as defined in [1]
The specifications TS38.101-1, TS38.101-2 and TS 38.101-3 define simultaneous Rx/Tx either as an optional capability or as mandatory. In case of optional capability, the requirements need to be defined in a way that allows to support non-simultaneous Rx/Tx as well as simultaneous Rx/Tx. Dependent on the band combination certain relaxations might be required for reference sensitivity due to intermodulation interference, crossband emissions and harmonic presence. Since the impact of these factors is strongly dependent on the UL/DL configuration RAN4 defines specific test vectors allowing to verify conformance with respect to the minimum requirements. Such test vectors define the frequency location for UL and DL as well a channel bandwidth with its RB configuration. Further requirements are defined e.g. in the annex of the specific specifications. The RAN4 test vectors do not cover all the parameters required for testing but provide a solid basis for RAN5 to define the final conformance tests and procedures. 
One of the undefined parameters are the TDD patterns. RAN1 [2] specifies more than 50 different TDD patterns as indicated in Figure 2. Those patterns determine which slots are used for UL and DL as well as flexible slots which are configured for UL/DL by the network. 
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Figure 2: Excerpt from Table 11.1.1-1 [2] determining the slots used for UL and DL.
In the following, inter-band combinations with TDD-TDD are considered. The use of TDD patterns might be different dependent on support of simultaneous Rx/Tx. If a UE indicates support for a TDD-TDD combination without the capability, then the TDD pattern on both bands need to be the same to avoid concurrent transmit and receive during any scheduled slot. On the other side, if a UE indicates simultaneous Rx/Tx for a certain TDD-TDD combination then different patterns are required to create the incidence of one TDD band transmitting while the other band receives.
In case of a two band TDD-TDD combination with simultaneous Rx/Tx interference from harmonic or from cross band isolation issues can occur. IMDs are only generated when both TDD bands have simultaneous UL slots. However, since no band is in receiving mode the IMDs do not cause self-interference. This changes when considering three band combinations. IMDs could fall into the Rx of the third band which is in receiving mode and therefore causes 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 seems to be different understandings on whether MSD is required or not.
Before going into the deeper discussion lets first consider an example to gain better understanding. 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.
One understanding for mandatory simultaneous Rx/Tx is that the network will never schedule concurrent transmit and receive at a certain slot. This would mean that if one TDD slot would be ‘UL’ then the other would always be ‘DL’. There would never by the occurrence where two UL slots meet. With this understanding no intermodulation products would be created, and no relaxation would be required for the third band. With respect to the example, it means that no MSD needs to be defined for band n3.
Another understanding is that the UE need to be conformant with simultaneous Rx/Tx requirements but simultaneous transmission on both TDD bands could still happen. In the field the operator is not bound to only configure simultaneous Rx/Tx but could configure any slot pattern leading to simultaneous transmit on both TDD bands. With this understanding the UE needs to support and be compliant with requirements, but TDD patterns do not have to avoid concurrent transmission on both TDD bands. IMDs could be generated and potentially fall into the third band. With respect to the example, it means that MSD is required and needs to be defined for band n3.
The second understanding seems to be more reflective of real-world deployment. It leaves larger flexibility to the operator as any TDD pattern can be selected for each TDD band without further coordination. Those patterns could as well reflect pure non-simultaneous Rx/Tx. Furthermore, it covers collocated deployment as well as non-collocated deployment where slot timing is not fully aligned. Defining requirements (e.g. MSD for the third band) provide operators with improved knowledge on UE minimum performance as conformance testing is closer to actual deployments and less artificial.
With the considerations above we would like to propose that the RAN4 base understanding of mandatory simultaneous Rx/Tx is that TDD slot patterns feature simultaneous transmit and receive as well as simultaneous transmit on both bands. Mandatory simultaneous Rx/Tx requires the UE to support and be compliant with simultaneous transmit and receive but does not exclude the case of concurrent transmission on both bands.
This decision impacts existing and future text proposals for band combinations. Text proposals with mandatory simultaneous Rx/Tx combinations already exist defining MSD for the third band while others do not define MSD. The requirements need to be aligned. Furthermore, RAN5 is currently specifying test procedure for simultaneous Rx/Tx. It seems to be the right time to set up RAN4 base understanding and let RAN5 know what TDD patterns would be preferred during testing. It is proposed to send an LS to RAN5 clarifying the RAN4 understanding and preferred way of conformance testing.
Observation 1: Mandatory simultaneous Rx/Tx can be viewed such that the network will never schedule concurrent transmit and receive at a certain slot. This would mean that if one TDD slot would be ‘UL’ then the other would always be ‘DL’. There would never by the occurrence where two UL slots meet. With this understanding no intermodulation products would be created, and no relaxation would be required for the third band.
Observation 2: Mandatory simultaneous Rx/Tx can be viewed such that the UE need to be conformant with simultaneous Rx/Tx requirements but simultaneous transmission on both TDD bands could still happen. In the field the operator is not bound to only configure simultaneous Rx/Tx but could configure any slot pattern leading to simultaneous transmit on both TDD bands. With this understanding the UE needs to support and be compliant with requirements, but TDD patterns do not have to avoid concurrent transmission on both TDD bands. IMDs could be generated and potentially fall into the third band. 
Observation 3: It seems that ‘Observation 2’ would be more reflective of real-world deployment. It leaves larger flexibility to the operator as any TDD pattern can be selected for each TDD band without further coordination. Those patterns could as well reflect pure non-simultaneous Rx/Tx. Furthermore, it covers collocated deployment as well as non-collocated deployment where slot timing is not fully aligned. Defining requirements (e.g. MSD for the third band) provide operators with improved knowledge on UE minimum performance as conformance testing is closer to actual deployments and less artificial.
Proposal 1: It is proposed that in case of mandatory simultaneous Rx/Tx the TDD slot patterns feature simultaneous transmit and receive as well as simultaneous transmit on both bands. Mandatory simultaneous Rx/Tx requires the UE to support and be compliant with simultaneous transmit and receive but does not exclude the case of concurrent transmission on both bands.
Proposal 2: With establishing the understanding of Proposal 1: Send an LS to RAN5 to clarify that when testing mandatory simultaneous Rx/Tx the test procedures should use TDD patterns including concurrent transmission on both TDD bands to test self-interference on third band, if present.
3  Conclusions
This contribution discusses base understanding of mandatory simultaneous Rx/Tx with respect to TDD patterns and testing. The following observations and proposals are made: 
Observation 1: Mandatory simultaneous Rx/Tx can be viewed such that the network will never schedule concurrent transmit and receive at a certain slot. This would mean that if one TDD slot would be ‘UL’ then the other would always be ‘DL’. There would never by the occurrence where two UL slots meet. With this understanding no intermodulation products would be created, and no relaxation would be required for the third band.
Observation 2: Mandatory simultaneous Rx/Tx can be viewed such that the UE need to be conformant with simultaneous Rx/Tx requirements but simultaneous transmission on both TDD bands could still happen. In the field the operator is not bound to only configure simultaneous Rx/Tx but could configure any slot pattern leading to simultaneous transmit on both TDD bands. With this understanding the UE needs to support and be compliant with requirements, but TDD patterns do not have to avoid concurrent transmission on both TDD bands. IMDs could be generated and potentially fall into the third band. 
Observation 3: It seems that ‘Observation 2’ would be more reflective of real-world deployment. It leaves larger flexibility to the operator as any TDD pattern can be selected for each TDD band without further coordination. Those patterns could as well reflect pure non-simultaneous Rx/Tx. Furthermore, it covers collocated deployment as well as non-collocated deployment where slot timing is not fully aligned. Defining requirements (e.g. MSD for the third band) provide operators with improved knowledge on UE minimum performance as conformance testing is closer to actual deployments and less artificial.
Proposal 1: It is proposed that in case of mandatory simultaneous Rx/Tx the TDD slot patterns feature simultaneous transmit and receive as well as simultaneous transmit on both bands. Mandatory simultaneous Rx/Tx requires the UE to support and be compliant with simultaneous transmit and receive but does not exclude the case of concurrent transmission on both bands.
Proposal 2: With establishing the understanding of Proposal 1: Send an LS to RAN5 to clarify that when testing mandatory simultaneous Rx/Tx the test procedures should use TDD patterns including concurrent transmission on both TDD bands to test self-interference on third band, if present.
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