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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In LS [1], RAN4 identified several issues for use of SRS antenna switching feature in EN-DC/NR CA band combinations, which causes ambiguity in supporting the feature in the network. In general, these issues can be summarized as the impact on the Tx or Rx on the band without the capability of antenna switching, especially for the FDD band which may not have the requirement of the capability of SRS antenna switching. 
This contribution discusses the identified issues by RAN4 and propose clarification to resolve them.
Discussion on potential issues and solutions
The issues identified in LS [1] were discussed in detail in LS and contributions [4-6]. The feature of SRS antenna switching has been widely deployed in TDD bands. Moreover, the FDD-TDD CA is also widely supported to improve UPT especially under heavy traffic scenarios. For FDD-TDD band combinations, depending on UE architectures, some TDD and FDD bands share common RF front-end components. As a result, when UE performs antenna switching on a certain TDD band, UE has to switch the antenna on the FDD bands that share the same RF. This antenna switching on FDD band will result in impact to UL transmission and downlink receiving.
The details of issues are introduced as below.
· Issue #1: Impact on FDD band uplink transmission
Figure 1 shows the scenario where all the slots are used for uplink transmission. If FDD band has uplink traffic (SRS, PUSCH, PUCCH) while the TDD band needs to execute the SRS antenna switching for DL scheduling, the AP1 for TDD band UL transmission may be used, and the FDD band UL transmission may not be able to use AP0 in the highlighted slots.
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Figure 1. Antenna Switching for TDD band impacts the FDD band UL transmission
On the other hand, if the FDD band and TDD band do not share the same RF, then there’s no need to specify that both bands must use the same antenna port. Otherwise, there will be unnecessary performance loss.
· Issue #2: Impact on FDD band downlink receiving
Figure 2 shows the scenario where the TDD band perform UL Tx transmission and FDD band perform DL Rx transmission. In certain symbols in slot n+2 for TDD band, SRS antenna switching is executed and the AP changes from 0 to 1, while the FDD band still perform DL transmission but the phase of the receiving antenna may be changed due to the RF implementation. This will also result in the performance degradation of DL reception for FDD band. 
[image: ] 
Figure 2. Antenna Switching for TDD band impacts the FDD band DL receiving
Observation 1: For FDD-TDD band combinations, the SRS antenna switching in TDD band impacts on the uplink transmission and downlink receiving of the FDD band.
To resolve the above-mentioned issue, there was discussion for LTE, and the following agreement is achieved and sent to RAN2 [2]. 
	Agreements:
1. For a UE that supports Tx antenna selection in TDD but not in FDD, the UE accepts the RRC message configuring Tx antenna selection in TDD but not in FDD, but does not expect to receive a DCI indicating UE port 1 for the UL carrier not supporting Tx antenna selection.

2. For each band combination, signal which bands support Tx antenna selection. For each of the bands that support Tx antenna selection:
· For each uplink band, signal all the bands for which UL switches together (thus same port has to be enforced)
· For each uplink band, signal all the bands for which DL switches together (thus introducing a ‘glitch’ in the DL reception)



In RAN1, a CR was approved to implement the above agreement [3], and RAN2 introduced the following UE capabilities.
	[bookmark: _Hlk131763545]txAntennaSwitchDL, txAntennaSwitchUL
The presence of txAntennaSwitchUL indicates the UE supports transmit antenna selection for this UL band in the band combination as described in TS 36.213 [23], clauses 8.2 and 8.7.
[bookmark: _Hlk499614695][bookmark: _Hlk499614750]The field txAntennaSwitchDL indicates the entry number of the first-listed band with UL in the band combination that affects this DL. The field txAntennaSwitchUL indicates the entry number of the first-listed band with UL in the band combination that switches together with this UL. Value 1 means first entry, value 2 means second entry and so on. All DL and UL that switch together indicate the same entry number.
For the case of carrier switching, the antenna switching capability for the target carrier configuration is indicated as follows:
For UE configured with a set of component carriers belonging to a band combination Cbaseline = {b1(1),…,bx(1),…,by(0),…}, where "1/0" denotes whether the corresponding band has an uplink, if a component carrier in bx is to be switched to a component carrier in by (according to srs-SwitchFromServCellIndex), the antenna switching capability is derived based on band combination Ctarget = {b1(1),…,bx(0),…,by(1),…}.



Observation 2: For LTE, a CR in RAN1 was approved and RAN2 introduced UE capabilities txAntennaSwitchDL and txAntennaSwitchUL to resolve the issues in FDD-TDD band combinations.
For NR, two UE capabilities were also introduced to reproduce those in LTE as txSwitchImpactToRx and txSwitchWithAnotherBand. However, there is no clarification in spec on the scheduling restrictions for both UL and DL in the affected band for EN-DC/NR CA band combinations.
Observation 3: For NR, there is no clarification for the expected scheduling restrictions for both UL and DL in the affected band in EN-DC/NR CA FDD-TDD band combinations.
To resolve the above-mentioned issues in NR spec, the following is proposed: 
Proposal 1: Support the following restrictions for TDD-FDD combinations where some bands support Tx antenna switching:
· For each uplink band, the UE is not expected to transmit uplink channels/signals on different antenna ports with bands reported by txSwitchWithAnotherBand.
· For each uplink band, the UE is not required to receive PDSCH on bands reported by txSwitchImpactToRx in symbols where antenna switching is performed.
· The above is clarified in spec by CR.




Conclusion

Observation 1: For FDD-TDD band combinations, the SRS antenna switching in TDD band impacts on the uplink transmission and downlink receiving of the FDD band.
Observation 2: For LTE, a CR in RAN1 was approved and RAN2 introduced UE capabilities txAntennaSwitchDL and txAntennaSwitchUL to resolve the issues in FDD-TDD band combinations.
Observation 3: For NR, there is no clarification for the expected scheduling restrictions for both UL and DL in the affected band in EN-DC/NR CA FDD-TDD band combinations.
Proposal 1: Support the following restrictions for TDD-FDD combinations where some bands support Tx antenna switching:
· For each uplink band, the UE is not expected to transmit uplink channels/signals on different antenna ports with bands reported by txSwitchWithAnotherBand.
· For each uplink band, the UE is not required to receive PDSCH on bands reported by txSwitchImpactToRx in symbols where antenna switching is performed.
· The above is clarified in spec by CR.
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slot n n+1 n+2 n+3 n+4 n+5 n+6

TDD band w/ antenna switching AP0 AP0 AP1 AP1 AP0 AP0 AP0

FDD band w/o antenna switching AP0 AP0 X X AP0 AP0 AP0
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TDD band UL with antenna switching AP0 AP0 AP1 AP1 AP1 AP1 AP1

FDD band DL DL DL X DL DL DL DL
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