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Introduction
SRS antenna switching had been introduced from the LTE era, and the feature was also introduced for NR in Rel-15. Typically, the feature for a TDD-FDD band combination, no matter it is EN-DC or NR CA scenario, the FDD band would be affected due to SRS antenna switching in the TDD band. Impact on FDD DL in a TDD+FDD CA caused by TDD band SRS antenna switching was once discussed in RAN4 for LTE, and the identified issue was sent to RAN1, however, it is still observed that some ambiguity exists in the specification, and consequently may cause some issues in the real network. Thus some clarifications would be helpful to address the ambiguity for TDD-FDD band combination. 
Discussion
The issue was initially discussed in [1]. According to the discussion in RAN4, the issue mentioned in the LS to RAN1 was focused on the impact on FDD Rx for FDD+TDD CA [2]. The main content of the LS is copied as below for reference.
In some UE architectures, some TDD and FDD bands share common RF front-end components. When TDD Tx is active on a UE in FDD+TDD CA among these bands, and TDD SRS antenna switching is executed, some FDD Rx will also switch antennas, which results in an abrupt phase and/or amplitude change on FDD Rx (a glitch in FDD Rx). The degree of phase and/or amplitude change is dependent on the delta in channel conditions between the two antennas. This abrupt phase change can cause a significant BLER and hence throughput loss on FDD Rx in the subframes colliding with TDD Tx SRS antenna switching.
The LS from RAN4 is to request RAN1 to consider the glitch issue for the FDD Rx in LTE FDD+TDD CA. To better illustrate the issue, a reference UE implementation similar to that used in [1] is provided in Figure 1.
[image: ]  
Figure 1: Example architecture for FDD+TDD band combination share FE components and antennas
Since the FDD band is switched together with the TDD band when SRS antenna switching occurs, UL transmission in the FDD band is also abrupted. According to the study in RAN4, the switching time is 15us, and the switching period specified in RAN1 is in symbol level. Apart from the abruption in Tx, the impact on the FDD Rx is more obvious. The typical UE implementation supports 2Rx to achieve the diversity gain for better performance. Once the Tx is changed to the diversity antenna connector, in order to maintain the reception from two antennas, the diversity RF chain for the FDD band also needs to be switched to the previous main antenna. During the switching, the phase, amplitude cannot be maintained unchanged, even more the reception could be interrupted for a short period. 
Frankly speaking, the possible impact for Rx and Tx has been considered in RAN2 specification. In TS 38.306, parameters of txSwitchImpactToRx and txSwitchWithAnotherBand under SRS-TxSwitch capability should be indicated for the band combination. 
	srs-TxSwitch, srs-TxSwitch-v1610
Defines whether UE supports SRS for DL CSI acquisition as defined in clause 6.2.1.2 of TS 38.214 [12]. The capability signalling comprises of the following parameters:
-	supportedSRS-TxPortSwitch indicates SRS Tx port switching pattern supported by the UE, which is mandatory with capability signalling. The indicated UE antenna switching capability of ′xTyR′ corresponds to a UE, capable of SRS transmission on ′x′ antenna ports over total of ′y′ antennas, where ′y′ corresponds to all or subset of UE receive antennas, where 2T4R is two pairs of antennas. supportedSRS-TxPortSwitch-v1610, which is optional to report, indicates downgrading configuration of SRS Tx port switching pattern. If the UE indicates the support of downgrading configuration of SRS Tx port switching pattern using supportedSRS-TxPortSwitch-v1610, the UE shall report the values for this as below, based on what is reported in supportedSRS-TxPortSwitch.
	supportedSRS-TxPortSwitch
	supportedSRS-TxPortSwitch-v1610

	t1r2
	t1r1-t1r2

	t1r4
	t1r1-t1r2-t1r4

	t2r4
	t1r1-t1r2-t2r2-t2r4

	t2r2
	t1r1-t2r2

	t4r4
	t1r1-t2r2-t4r4

	t1r4-t2r4
	t1r1-t1r2-t2r2-t1r4-t2r4



-	txSwitchImpactToRx indicates the entry number of the first-listed band with UL (see NOTE) in the band combination that affects this DL, which is mandatory with capability signalling;
-	txSwitchWithAnotherBand indicates the entry number of the first-listed band with UL (see NOTE) in the band combination that switches together with this UL, which is mandatory with capability signalling.
For txSwitchImpactToRx and txSwitchWithAnotherBand, 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.
The entry number is the band entry number in a band combination. The UE is restricted not to include fallback band combinations for the purpose of indicating different SRS antenna switching capabilities.

NOTE:	The first-listed band with UL includes a band associated with FeatureSetUplinkId set to 0 corresponding to the support of SRS-SwitchingTimeNR.
	BC
	FD
	N/A
	N/A


However, it’s not clear what’s the expectation for the UE from the scheduling perspective. The two capability parameters just depict the reality of the implementation, but less guidance on how to mitigate the impact caused by this specific SRS feature. 
On the contrary, scheduling restriction is considered in RAN1 LTE specification TS 36.213 clause 8.2:
	For trigger type 0 and type 1 SRS transmission, when closed-loop or open-loop UE transmit antenna selection is enabled for a given serving cell for a UE that supports transmit antenna selection, or for a UE that can be configured with ue-TxAntennaSelection-SRS-1T4R-Config or ue-TxAntennaSelection-SRS-2T4R-NrOfPairs,
· when higher layer parameter ‘ue-TxAntennaSelection-SRS-1T4R-Config’ is configured for a given serving cell, the index , of the UE antenna that transmits the SRS at time nSRS is given by
, for both partial and full sounding bandwidth, and when frequency hopping is disabled (i.e., ), 

with, when frequency hopping is enabled (i.e., ).
· when higher layer parameter ‘ue-TxAntennaSelection-SRS-2T4R-NrOfPairs’ is configured for a given serving cell for a UE configured with  UE antenna pairs, where  is given by higher layer parameter ‘ue-TxAntennaSelection-SRS-2T4R-NrOfPairs’, the index  for the UE antenna pair as  when  =2, or  when  =3 that transmits the SRS at time nSRS is given by 
 for both partial and full sounding bandwidth, and when frequency hopping is disabled (i.e., ),
[image: ]
with  , when frequency hopping is enabled (i.e., ).
-	otherwise, the index [image: ], of the UE antenna that transmits the SRS at time nSRS is given by
[image: ], for both partial and full sounding bandwidth, and when frequency hopping is disabled (i.e., [image: ]),
[image: ],[image: ]	
when frequency hopping is enabled (i.e., [image: ]),
where values BSRS, bhop, Nb, and nSRS are given in Clause 5.5.3.2 of [3], and [image: ](where [image: ] regardless of the [image: ] value), except when a single SRS transmission is configured for the UE. If a UE is configured with more than one serving cell, and for a group of cells belonging to bands that are signalled to be switched together in txAntennaSwitchUL the UE is not expected to transmit SRS on different antenna ports simultaneously. If a UE is configured with more than one serving cell, and for a group of cells belonging to bands that are signalled to be switched together in txAntennaSwitchUL the UE is not expected to transmit SRS and PUSCH on different antenna ports simultaneously.


Similar expected behavior is not reflected in the NR specification. Moreover, it is noted that the clarification in LTE spec is for UL only, while given the ambiguity exists for both Tx and Rx for the FDD band in an FDD+TDD band combination, we think clarifications are necessary for both UL and DL in RAN1 specification. 
Observation 1: Expected behavior to mitigate impact of SRS antenna switching for the affected band has been reflected in the LTE RAN1 spec but not in the NR spec.
Proposal 1: It is proposed to have some clarification in RAN1 spec with possible mitigation schemes for impact on both UL and DL for the affected bands caused by SRS antenna switching. 
Conclusion
This contribution provides consideration on impact for TDD-FDD band combination due to SRS antenna switching. The issue once discussed in RAN4 and also discussed in RAN1 and RAN2 for LTE, and some clarification is considered in the LTE specification. However, similar clarification for the expected schemes is missing in the NR spec, thus, we think additional discussion and clarification is worth to be considered for the identified issues as well as the ambiguity in the specs.
Observation 1: Expected behavior to mitigate impact of SRS antenna switching for the affected band has been reflected in the LTE RAN1 spec but not in the NR spec.
Proposal 1: It is proposed to have some clarification in RAN1 spec with possible mitigation schemes for impact on both UL and DL for the affected bands caused by SRS antenna switching. 
A draft LS for the clarification on the impact for the TDD-FDD band combinations due to SRS antenna switching is provided in [3] for discussion and collection of agreements in RAN4.
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