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Introduction
[bookmark: _Ref473802466][bookmark: _Ref462669569]After long discussion of R16 UL Tx switching, RAN1 solves most of the issues identified. However, there are two leftovers related SRS still need more discussion. In this meeting, we continue the discussion on both SRS related cases, which are SRS carrier switching together with UL Tx switching, and SRS antenna switching together with UL Tx switching, and trying to get some consensus. Meanwhile, we realize there might be some ambiguity on UCI mapping during UL Tx switching and try to get consensus on UE’s behavior.

UL Tx switching together with CA-based SRS switching
For SRS switching with the assumption that beyond CC1 and CC2, there is CC3 which is not configured for PUSCH/PUCCH transmission. For this case, when gNB makes the switching decision, it needs to consider the SRS switching on CC3 as the RF chain may not be available.
For example, during the SRS transmission on CC3 and the interruption time caused by RF tuning, CC2 is not expected to be scheduled or configured with 2-port transmission, or CC1 is not expected to be scheduled or configured with 1-port transmission.
For the following discussion, we assume that CC1 and CC2 are configured with UL Tx switching, CC3 is not configured with PUSCH/PUCCH and there is carrier-based SRS switching configured where CC2 is the ‘source’ and CC3 is the ‘target’ of the SRS switching.   In last meeting, we explained the cases with the following figure and also bring the text proposals based on our 3 proposed cases.
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Figure 1. SRS carrier switching together with UL Tx switching 

Here, we want to re-submit our 3 proposals with TP in the annex 6.1. Moreover, we share our further considerations.
	Re-submission of former proposal
In a first example, there is PUCCH transmission on CC1, there is no scheduled transmission on CC2 and an SRS transmission is supposed to occur in CC3 at the same time. According to the current requirements, the UE would be expected to transmit SRS on CC3. However, when the UE Tx chain is used for PUCCH transmission on CC1, the SRS transmission should not take place and the specification should reflect this. 
Proposal 1: In the prioritization for SRS switching considers the state of carriers configured with UL Tx switching jointly.  As an example, if SRS switching is configured between CC2 and CC3 then in the prioritization the state of CC1 also needs to be considered if CC1 and CC2 are configured with UL Tx switching. 
[bookmark: OLE_LINK3]As a second example, assume PUSCH transmission on CC1 followed by PUSCH transmission on CC2. Both transmissions overlap with SRS transmission on CC3, or with a guard period needed for the SRS transmission on CC3. In this case, the PUSCH transmission on CC1 should be dropped, even though the current specification doesn’t allow this.  The specification should reflect the SRS impact on CC1.
Proposal 2: Define requirements allowing dropping transmissions on a CC due to SRS transmission on another CC, even if this CC is not configured with SRS switching, as long as the CC is configured with UL Tx switching.  
As a third example, assume PUSCH transmission on CC1 is immediately followed by PUSCH transmission on CC2 that would require switching between Case1 and Case2. Both transmissions overlap with SRS transmission on CC3, or with a guard period needed for the SRS transmission on CC3. In this case, both PUSCH transmissions are dropped. The specification needs to define what the resulting UE state (Case1 vs. Case2) should be in this case. 
Proposal 3: Choose one of the following options: 
· [bookmark: OLE_LINK5]During the SRS transmission on CC3 and the interruption time caused by RF tuning, UE is not expected to be scheduled or configured with other transmission requiring UL Tx switching
· Define rules on the order in which the UE state vs. dropping decisions are being made



Text proposals for the above can be found in the Annex at the end of this contribution.  
We note that in the existing specification for SRS carrier switching, the following text is repeated multiple times:  
“… that can result in uplink transmissions beyond the UE's indicated uplink carrier aggregation capability included in [13, TS 38.306]”.  
In general, this text is ambiguous, and we propose to clarify it at least for UL Tx switching together with SRS carrier switching. In the following, we give an example where the ambiguity arises. 
The original intent of the text is to cover cases as the following example: 
The UE indicates the following CA band combination capabilities: 
· Band Combination 1: 
· Band X + Band Y DL CA together with Band X + Band Y UL CA, with 1 UL port in Band X and 2 UL ports in Band Y
· Band Combination 2: 
· Band X + Band Y DL CA with no UL CA, together with SRS carrier switching with Band X being source and Band Y being target for the switching. 

Assume that this UE is being configured with CA and SRS carrier switching according to Band Combination 2. This UE will not require a switching gap for SRS carrier switching, since the simultaneous transmission doesn’t exceed the UEs UL CA capability as indicated in Band Combination 1. On the other hand, another UE that indicates Band Combination 2 capability but not Band Combination 1 capability would require a switching gap. 
Now consider the following case. 
The UE indicates the following CA band combination capabilities: 
· Band Combination 1: 
· Band X + Band Y DL CA together with Band X + Band Y UL CA, with 1 UL port in Band X and 2 UL ports in Band Y
· Band Combination 3: 
· Band X + Band Y + Band Z DL CA together with Band X + Band Z UL CA with 1 UL port in Band X and 2 UL ports in Band Z, together with SRS carrier switching with Band X being source and Band Y being target for the switching. 

Now assume that this UE is being configured with DL and UL CA according to Band Combination 3. Suppose at a particular time instance, the UE is not configured to transmit in Band Z but is required to transmit PUSCH in Band X and SRS in Band Y at the same time. Strictly speaking, this instance would not exceed the UEs indicated UL CA capability as indicated in Band Combination 1.  However, obviously this UE is not capable of simultaneous transmission in Band X and Band Y, since transmit chain(s) are committed to Band Z, even if there is no Band Z transmission is configured at the given instance. Therefore, there is an ambiguity in how to interpret what is exceeding a UEs UL CA capability. We propose to clarify this by adding an explanation that for the purposes of evaluating what exceeds the UEs UL CA capability, transmission on all configured UL CCs need to be assumed, irrespective of whether actual transmission is taking place at a given instance or not. 
We note that this clarification would be useful for the general case of CA with more than two CCs, but at least it should be clarified for the case of UL Tx switching together with SRS carrier switching involving three carriers.  
A further discussion point is how many ports should be counted as used for SRS transmission in SRS carrier switching. Obviously, when two-port SRS transmission is performed on CC3, the UE cannot transmit on either CC1 or CC2. It is a further question whether the UE is expected to transmit on CC1 or CC2 when one-port SRS transmission is performed on CC3. We note that when transmitting single-port SRS on CC3, the UE needs to retain the flexibility to transmit SRS from the better antenna port in CC3, where the determination of which port is better is made based on the observation by the UE of the DL signal on CC3. Since the UE must be able to switch relatively dynamically between the CC3 DL antenna ports, neither of the CC3 antenna ports should be considered as flexible, i.e. available for transmission in CC1 or CC2. Therefore, we propose during SRS transmission CC3 is always treated as 2 ports even 1 port SRS resource is configured.

Proposal 4: During SRS transmission, CC3 is always treated as two ports, even if one-port SRS resource is configured.

UL Tx switching together SRS antenna switching
In last RAN1 meeting, we brought the following illustrative figure and proposal.  Meanwhile, we also provided Text Proposal per FL’s request, which is list in Annex 6.2.
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Figure 2. Potential conflict due to SRS antenna switch without the following proposal

	
· In the Y-symbol gap between SRS transmissions defined by Table 6.2.1.2-1 in 38.214, the UE is assumed to operate with the same number of ports as before and after the gap.



The intention is to clarify what UL switching state is associated with the Y-symbol gap between SRS transmissions defined by Table 6.2.1.2-1 in 38.214. 
The proposal is to clarify what the UE’s switching state is in the Y symbol gap between SRS transmissions. In this symbol(s) the UE is not transmitting on the CC with SRS. However, in order to determine the UE’s state for UL switching purposes, the UE must be assumed not as having no transmission but rather as having the same SRS transmission as before and after the gap. We feel this is straightforward to agree on. Without this agreement, the UE could be required to cancel dynamic or configured transmissions during the Y symbol gap, which the UE should not be required of doing in the general case. 
During email discussion, the majority of companies shared the same view and supported this proposal, while one company provided comments this is “not a valid case” as the length of Y symbol is smaller than 2 switching gap + 1 symbol.
In the current specification it is not an error case for the gNB to schedule the above scenario. The gNB can schedule transmission overlapping with transients, and the UE is mandated to handle this case (e.g. with cancelling the overlapping transmission). Due to this fact, it is irrelevant whether this is thought to be a “valid case” or “not a valid case”. The only relevant fact is that it is not an error case in the current specification, therefore the gNB can freely schedule transmissions overlapping with the gap and the UE would be required to handle such scheduling events, e.g. by cancelling overlapping transmissions, unless the specification is changed.  
Furthermore, and more importantly, the UE can be configured with transients to be on CC2, in which case this is not only a valid scenario, but the UE would be required to actually transmit the overlapping transmission in the gap. 
In our view, it is not appropriate to assume any possible transient within the gap to begin with because the UE in reality still uses the same number of Tx chains in the gap as before and after. Therefore, this overlapping scheduling needs to be treated as an error case, the same as any overlapping transmissions requiring 3 Tx chains. It should not be the UE’s responsibility to filter grants requiring transmissions within the gap. 
Therefore, it should be clarified what UL switching state is associated with the Y-symbol gap between SRS transmissions defined by Table 6.2.1.2-1 in 38.214. 
Proposal 5: In the Y-symbol gap between SRS transmissions defined by Table 6.2.1.2-1 in 38.214, the UE is assumed to operate with the same number of ports as before and after the gap.
Proposal 6: adopt the TP in Annex 6.2.

UCI mapping issue and clarification
A further scenario requiring clarification is described as follows. As shown in the example in Figure 3, CC1 is PCC and CC2 is SCC. The UE has to transmit PUCCH in a PUCCH resource on CC1 (the grey part in slot #4 of PCC). The PUCCH resource overlaps with a PUSCH on CC2, but that part of the PUSCH is dropped due to the gap.
[image: ]
Figure 3. UCI mapping


Per our understanding, there would be two possible options for UE’s behaviour:
· Option 1: Error case
· Option 2: Do multiplexing first: multiplex the UCI in CC2, then drop CC2.

From the UE’s perspective, Option 1 would be our first preference as UE can avoid unnecessary check. We are also ok with Option 2 as long as the group can have consensus on Option 2. 

Proposal 7: RAN1 to clarify the above issue with one of the options for UE behaviour:  
· Option 1: Error case
· Option 2: Do multiplexing first: multiplex the UCI in CC2, then drop CC2.
[bookmark: OLE_LINK2]


Conclusions
We discussed the open issues on SRS carrier switching together with UL Tx switching, and SRS antenna switching together with UL Tx switching, and UCI mapping during UL Tx switching. Based on the discussion, we have the following proposals:

[bookmark: OLE_LINK1]Proposal 1: In the prioritization for SRS switching considers the state of carriers configured with UL Tx switching jointly.  As an example, if SRS switching is configured between CC2 and CC3 then in the prioritization the state of CC1 also needs to be considered if CC1 and CC2 are configured with UL Tx switching. 

Proposal 2: Define requirements allowing dropping transmissions on a CC due to SRS transmission on another CC, even if this CC is not configured with SRS switching, as long as the CC is configured with UL Tx switching.  

Proposal 3: Choose one of the following options: 
· During the SRS transmission on CC3 and the interruption time caused by RF tuning, UE is not expected to be scheduled or configured with other transmission requiring UL Tx switching
· Define rules on the order in which the UE state vs. dropping decisions are being made  

Proposal 4: During SRS transmission, CC3 is always treated as two ports, even if one-port SRS resource is configured.

Proposal 5: In the Y-symbol gap between SRS transmissions defined by Table 6.2.1.2-1 in 38.214, the UE is assumed to operate with the same number of ports as before and after the gap.

Proposal 6: adopt the TP in Annex 6.2.

Proposal 7: RAN1 to clarify the above issue with one of the options for UE behaviour:  
· Option 1: Error case
· Option 2: Do multiplexing first: multiplex the UCI in CC2, then drop CC2.




Annex 
Text proposal of UL Tx switching together with SRS carrier switching – TS38.214

	6.1.6.2	Uplink switching for carrier aggregation

<Unchanged parts are omitted> 
For a UE indicating a capability for uplink switching with BandCombination-UplinkTxSwitch for a band combination, and if it is for that band combination configured with uplink carrier aggregation:
-	If the UE is configured with uplink switching with parameter uplinkTxSwitching, when the UE is to transmit in the uplink based on DCI(s) received before  or based on a higher layer configuration(s):
-	When the UE is to transmit a 2-port transmission on one uplink carrier and if the preceding uplink transmission is a 1-port transmission on another uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers.
-	When the UE is to transmit a 1-port transmission on one uplink carrier and if the preceding uplink transmission is a 2-port transmission on another uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers. 
-	For the UE configured with uplinkTxSwitchingOption set to 'switchedUL', when the UE is to transmit a 1-port transmission on one uplink carrier and if the preceding uplink transmission was a 1-port transmission on another uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers.
-	For the UE configured with uplinkTxSwitchingOption set to 'dualUL', when the UE is to transmit a 2-port transmission on one uplink carrier and if the preceding uplink transmission was a 1-port transmission on the same uplink carrier and the UE is under the operation state in which 2-port transmission cannot be supported in the same uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers.
-	For the UE configured with uplinkTxSwitchingOption set to 'dualUL', when the UE is to transmit a 1-port transmission on one uplink carrier and if the preceding uplink transmission was a 1-port transmission on another uplink carrier and the UE is under the operation state in which 2-port transmission can be supported on the same uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers.
-	The UE is not expected to be scheduled or configured with uplink transmissions that result in simultaneous transmission on two antenna ports on one uplink carrier, and any transmission on another uplink carrier.
-  If the UE is configured with SRS-CarrierSwitching, the UE is not expected to be scheduled or configured with any uplink transmission (including a preceding or succeeding duration ) overlapping with an SRS transmission on a serving cell not configured for PUSCH/PUCCH transmission (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of srs-SwitchingTimeNR), whenever the uplink transmission would be preceded or succeeded by a duration .

-	In all other cases the UE is expected to transmit normally all uplink transmissions without interruptions.
<Unchanged parts are omitted> 

[bookmark: _Toc11352160][bookmark: _Toc20318050][bookmark: _Toc27299948][bookmark: _Toc29673222][bookmark: _Toc29673363][bookmark: _Toc29674356][bookmark: _Toc36645586][bookmark: _Toc45810635][bookmark: _Toc52457845]6.2.1.3	UE sounding procedure between component carriers
For a carrier of a serving cell with slot formats comprised of DL and UL symbols, not configured for PUSCH/PUCCH transmission, the UE shall not transmit SRS whenever SRS transmission (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of srs-SwitchingTimeNR) on the carrier of the serving cell and PUSCH/PUCCH transmission carrying HARQ-ACK/positive SR/RI/CRI/SSBRI and/or PRACH happen to overlap in the same symbol and that can result in uplink transmissions beyond the UE's indicated uplink carrier aggregation capability included in [13, TS 38.306]. In evaluating whether the transmission can result in uplink transmissions beyond the UE's indicated uplink carrier aggregation capability, the UE may assume uplink transmission occurring in all carriers configured for PUSCH/PUCCH transmission, except for the carrier indicated by srs-SwitchFromCarrier, and if that carrier is configured with parameter uplinkTxSwitching, also the other carrier configured with uplinkTxSwitching, for which the UE assumes the actual configured transmissions. 

[bookmark: OLE_LINK4]For a carrier of a serving cell with slot formats comprised of DL and UL symbols, not configured for PUSCH/PUCCH transmission, the UE shall not transmit a periodic/semi-persistent SRS whenever periodic/semi-persistent SRS transmission (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of srs-SwitchingTimeNR) on the carrier of the serving cell and PUSCH transmission carrying aperiodic CSI happen to overlap in the same symbol and that can result in uplink transmissions beyond the UE's indicated uplink carrier aggregation capability included in [13, TS 38.306]. In evaluating whether the transmission can result in uplink transmissions beyond the UE's indicated uplink carrier aggregation capability, the UE may assume uplink transmission occurring in all carriers configured for PUSCH/PUCCH transmission, except for the carrier indicated by srs-SwitchFromCarrier, and if that carrier is configured with parameter uplinkTxSwitching, also the other carrier configured with uplinkTxSwitching, for which the UE assumes the actual configured transmissions.
For a carrier of a serving cell with slot formats comprised of DL and UL symbols, not configured for PUSCH/PUCCH transmission, the UE shall drop PUCCH/PUSCH transmission carrying periodic CSI comprising only CQI/PMI/L1-RSRP/L1-SINR, and/or SRS transmission on another serving cell configured for PUSCH/PUCCH transmission whenever the transmission and SRS transmission (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of srs-SwitchingTimeNR) on the serving cell happen to overlap in the same symbol and that can result in uplink transmissions beyond the UE's indicated uplink carrier aggregation capability included in [13, TS 38.306]. In evaluating whether the transmission can result in uplink transmissions beyond the UE's indicated uplink carrier aggregation capability, the UE may assume uplink transmission occurring in all carriers configured for PUSCH/PUCCH transmission, except for the carrier indicated by srs-SwitchFromCarrier, and if that carrier is configured with parameter uplinkTxSwitching, also the other carrier configured with uplinkTxSwitching, for which the UE assumes the actual configured transmissions. 

For a carrier of a serving cell with slot formats comprised of DL and UL symbols, not configured for PUSCH/PUCCH transmission, the UE shall drop PUSCH transmission carrying aperiodic CSI comprising only CQI/PMI/L1-RSRP/L1-SINR whenever the transmission and aperiodic SRS transmission (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133]) as defined by higher layer parameters switchingTimeUL and switchingTimeDL of srs-SwitchingTimeNR) on the carrier of the serving cell happen to overlap in the same symbol and that can result in uplink transmissions beyond the UE's indicated uplink carrier aggregation capability included in [13, TS 38.306]. In evaluating whether the transmission can result in uplink transmissions beyond the UE's indicated uplink carrier aggregation capability, the UE may assume uplink transmission occurring in all carriers configured for PUSCH/PUCCH transmission, except for the carrier indicated by srs-SwitchFromCarrier, and if that carrier is configured with parameter uplinkTxSwitching, also the other carrier configured with uplinkTxSwitching, for which the UE assumes the actual configured transmissions.
[bookmark: _Hlk60994114]For an aperiodic SRS triggered in DCI format 2_3 and if the UE is configured with higher layer parameter srs-TPC-PDCCH-Group set to 'typeA', and given by SRS-CarrierSwitching, without PUSCH/PUCCH transmission, the order of the triggered SRS transmission on the serving cells follow the order of the serving cells in the indicated set of serving cells configured by higher layers, where the UE in each serving cell transmits the configured one or two SRS resource set(s) with higher layer parameter usage set to 'antennaSwitching' and higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic'. 
For an aperiodic SRS triggered in DCI format 2_3 and if the UE is configured with higher layer parameter srs-TPC-PDCCH-Group set to 'typeB' without PUSCH/PUCCH transmission, the order of the triggered SRS transmission on the serving cells follow the order of the serving cells with aperiodic SRS triggered in the DCI, and the UE in each serving cell transmits the configured one or two SRS resource set(s) with higher layer parameter usage set to 'antennaSwitching' and higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic'. 
[bookmark: OLE_LINK6]A UE can be configured with SRS resource(s) on a carrier c1 with slot formats comprised of DL and UL symbols and not configured for PUSCH/PUCCH transmission. For carrier c1, the UE is configured with higher layer parameter srs-SwitchFromServCellIndex and srs-SwitchFromCarrier the switching from carrier c2 which is configured for PUSCH/PUCCH transmission. During SRS transmission on carrier c1 (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of srs-SwitchingTimeNR), the UE temporarily suspends the uplink transmission on carrier c2.  If the UE is configured with uplinkTxSwitching-r16 for uplink switching between c2 and a third carrier c3, the UE may temporarily suspend the uplink transmission on carrier c3 during the SRS transmission on carrier c1 (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of srs-SwitchingTimeNR).

[bookmark: _Hlk505675046]If the UE is not configured for PUSCH/PUCCH transmission on carrier c1 with slot formats comprised of DL and UL symbols, and if the UE is not capable of simultaneous reception and transmission on carrier c1 and serving cell c2, the UE is not expected to be configured or indicated with SRS resource(s) such that SRS transmission on carrier c1 (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of srs-SwitchingTimeNR) would collide with the REs corresponding to the SS/PBCH blocks configured for the UE or the slots belonging to a control resource set indicated by MIB or SIB1 on serving cell c2.
<End of Change> 




Text proposal of UL Tx switching together with SRS antenna switching – TS38.214

	[bookmark: _Toc45810629][bookmark: _Toc60777205]6.1.6.2	Uplink switching for carrier aggregation

< unchanged text omitted>
If the UE is configured with uplink switching with parameter uplinkTxSwitching, when the UE is to transmit in the uplink based on DCI(s) received before  or based on a higher layer configuration(s):
-	When the UE is to transmit a 2-port transmission on one uplink carrier and if the preceding uplink transmission is a 1-port transmission on another uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers.
-	When the UE is to transmit a 1-port transmission on one uplink carrier and if the preceding uplink transmission is a 2-port transmission on another uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers. 
-	For the UE configured with uplinkTxSwitchingOption set to 'switchedUL', when the UE is to transmit a 1-port transmission on one uplink carrier and if the preceding uplink transmission was a 1-port transmission on another uplink carrier, then the UE is not expected to  transmit for the duration of  on any of the two carriers.
-	For the UE configured with uplinkTxSwitchingOption set to 'dualUL', when the UE is to transmit a 2-port transmission on one uplink carrier and if the preceding uplink transmission was a 1-port transmission on the same uplink carrier and the UE is under the operation state in which 2-port transmission cannot be supported in the same uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers.
-	For the UE configured with uplinkTxSwitchingOption set to 'dualUL', when the UE is to transmit a 1-port transmission on one uplink carrier and if the preceding uplink transmission was a 1-port transmission on another uplink carrier and the UE is under the operation state in which 2-port transmission can be supported on the same uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers.
-	The UE is not expected to be scheduled or configured with uplink transmissions that result in simultaneous transmission on two antenna ports on one uplink carrier, and any transmission on another uplink carrier.
-  the UE is assumed to operate with the same number of ports as before and after the gap in the Y-symbol gap between SRS transmissions defined by Table 6.2.1.2-1.
-	In all other cases the UE is expected to transmit normally all uplink transmissions without interruptions.
< end of TP>
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