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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#105-e, regarding the discussions on Rel-16 Tx switching, some progress has been made as summarized in [1]. In this contribution, our view on the remaining issues for the UL Tx switching are provided.
[bookmark: _Ref129681832]Discussion
Remaining issues on SRS carrier switching
Issue #1: Clarification on CA based SRS carrier switching
The compatibility between UL Tx switching and SRS carrier switching was intensively discussed in RAN1 #104e and RAN1 #104b-e but no consensus on how to clarify it in the specification has been achieved. Note that all components share the understanding that both the “suspending” function and the function of prioritization rules defined in the TS 38.214 clause 6.2.1.3 need clarification. Regarding a concern raised in the last meeting that the aforementioned two functions should be clarified together to solve the issue, we will try to find a complete solution for it.
Regarding the “suspending” function, as we have already analyzed in our discussion paper [2] proposed in last meeting, the suspension is conditional on the SRS transmission as a winner of the prioritization rules. 
	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.


Obviously, the “suspending” and the determination and application procedure of prioritization rules are two non-overlapping functions of SRS carrier switching. Such understanding is also verified by the agreed CR [3] where “suspending” function is kept for updating prioritization rules for SRS carrier switching. As a result, the specification related to the “suspending” function can be modified independently without impacting prioritization rules. In conclusion, we suggest to adopt the TP1 in Appendix.
Proposal 1: Adopt the TP1 for TS 38.214 clause 6.2.1.3 in Appendix for uplink suspension of SRS carrier switching.
Note that there is a parallel discussion in the last two meetings on SRS carrier switching, which is focused on how to determine the applicability of the prioritization rules. The achieved agreements are summarized as below [4]:
	Agreement
The prioritization rules of SRS carrier switching apply to at least the source CC.
· FFS : Whether the specification needs to be updated or not

Agreement
Down select one from the following two options in RAN1#106-e meeting to determine which UL CCs other than the source CC should be used for SRS carrier switching priority rules:
· Option 1: The UL CCs  in the same band as the source CC
· Option 2: The UL CCs can be any carriers which result in uplink transmissions beyond the UE ’s indicated uplink carrier aggregation capability.
· Companies should indicate how “UE’s indicated uplink CA capability” is derived based on current ASN.1 signaling.


Essentially, the key point to determine the applicability of the prioritization rules is whether any UE RF hardware is shared or not between component carriers. When SRS carrier switching is triggered, the “switch to” carrier borrows RF hardware from the “switch to” carrier, thus the prioritization rules should be applied to the “switch from” carrier (source carrier). Similarly, in case of UL Tx switching, not only the source carrier but also the other carrier configured as a paired carrier of the source carrier should be also taken into account for the prioritization rules.
	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].
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]. 
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/semi-persistent 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]. 
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].


Besides, as we can see from the current version of spec, a UE will determine whether to apply the prioritization rules or not based on the “uplink carrier aggregation capability”. It was realized that how UE derives which carrier should be taken into account for the prioritization rules is not clear enough. The LTE-like definition is suggested here by introducing the carrier set, then UE will judge whether an overlapping uplink transmission is beyond “uplink carrier aggregation capability” or not on each carrier in the carrier set:
	define the UL CC set S(d)= {s0(d)… sN-1(d)} as the set of carriers of serving cells that meet all the following conditions, where d is the target CC, and s0(d) is the source CC.
-	{s0(d)… sN-1(d)} are in the same band as s0(d).
-	{s0(d)… sN-1(d)} are in the same TAG as s0(d).


Based on this structure, we feel add “configured with UL Tx switching” into the condition of UL carrier set is an appropriate fix of the function of prioritization rules. In conclusion, we suggest to adopt the TP2 in Appendix.
Proposal 2: Adopt the TP2 for TS 38.214 clause 6.2.1.3 in Appendix for prioritization rules of SRS carrier switching.
Issue #2: Back-to-back switching with SRS carrier switching
In RAN1#105-e, the issue “Back-to-back switching with SRS carrier switching” has been discussed in Rel-17 UL Tx switching [5]. Since the issue associated with SRS carrier switching is not specific to Rel-17 UL Tx switching but also applicable to Rel-16, so we suggest the discussion to be handled in Rel-16. 
In UL Tx switching, considering UE complexity of frequent UE RF retuning, the max number of switching for a UE is restricted to be one switching per one slot. If a UE is configured with SRS carrier switching and UL Tx switching, there may be too many switching occurrences in a slot. For example, as shown in Figure 1 and 2, a UE is configured with UL Tx switching between CC1 and CC2 and is configured with SRS carrier switching between CC2 and CC3. CC2 is the switching-from carrier and CC3 is the switching-to carrier. If the UE is to transmit on CC1 after the SRS transmission on CC3, the UE may firstly switch to CC2 and then switch to CC1 (Figure 1), resulting in  two Tx switchings in a short period. Alternatively, in this scenario, the UE can directly switch to CC1 after the SRS transmission on CC3 (Figure 2). Thus, UE can avoid unnecessary frequent Tx switching. For this, the DCI that schedules the uplink transmission succeeding a SRS carrier switching should be received by the UE early enough so that a sufficient UE processing time to prepare and handle such Tx switching is guaranteed.
[image: ]
Figure 1 two Tx switching after the SRS transmission on CC3
[image: ]
Figure 2 one Tx switching after the SRS transmission on CC3
In other words, a cut-off time to schedule the succeeding uplink transmission is defined as that the time interval between the last symbol of PDCCH scheduling the succeeding uplink transmission and the first symbol of SRS transmission on CC3 should be at least at leastsymbols and an additional time duration (for example, the RF retuning time).
Certainly, if the succeeding uplink transmission is too much later from the SRS transmission on CC3, there is no frequent Tx switching in a short period. Similar to the agreed restriction of one switching per one slot for UL Tx switching, the short period to define a too frequent Tx switching is also one slot. In other words, as shown in Figure 3, the scheduling cut-off time is applicable to a uplink transmission succeeding a SRS carrier switching occurrence only if the time interval between the last symbol of the RF retuning time after SRS transmission and the first symbol of the succeeding uplink transmission is less than or equal to 13 symbols.
[image: ]
Figure 3 PDCCH schedules the next transmission after the SRS transmission on CC3
Proposal 3: For a UE configured with UL Tx switching on two uplinks and configured with SRS carrier switching for a third uplink, if a uplink transmission is scheduled after a SRS carrier switching occurrence and the time interval between the first symbol of the uplink transmission and the last symbol of SRS transmission is less than or equal to an interval of 13 symbols plus the RF retuning time required by SRS carrier switching, then the last symbol of PDCCH scheduling the uplink transmission should be no later than at symbol L, where the time interval between symbol L and the first symbol of SRS transmission is larger than symbols plus the RF retuning time.
· In case of different SCS between the uplink transmission and the SRS transmission, the 13 symbols are with respect to the smaller SCS.
On the RAN4 LS related to UL Tx switching
For Tx switching between uplink carriers for inter-band UL CA, SUL and EN-DC, RAN4 reached the following agreements with respect to UL MIMO coherence in the last e-meeting:
	For Tx switching between uplink carriers for inter-band UL CA, SUL and EN-DC, RAN4 reached the following agreements w.r.t. UL MIMO coherence:
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Introduce UE capability to indicate support of the uplink codebook subset for the carrier capable of two antenna connectors, when UE is configured with uplink switching with parameter uplinkTxSwitching-r16 and uplink switching is triggered by the switching mechanisms specified in sub-clause 6.1.6 of TS 38.214 between last transmitted SRS and scheduled PUSCH transmission.
· [bookmark: _Hlk72855731][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12]UE capability is defined as per band combination when also for band combinations with a carrier capable of one-port transmission + a carrier capable of two-port transmission are indicated with capability ULTxSwitchingBandPair-r16. For band combinations with 2Tx to 2Tx switching, RAN4 will further discuss on how to handle the above new capability in Rel-17.
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]If the above capability is absent, the existing per band UE capability pusch-TransCoherence is applicable to the scenario when UE is configured with uplink switching with parameter uplinkTxSwitching-r16 and uplink switching is triggered by the switching mechanisms specified in sub-clause 6.1.6 of TS 38.214 between last transmitted SRS and scheduled transmission.
· If UE indicates the above capability as nonCoherent and the existing per band UE capability pusch-TransCoherence as fullCoherent or partialCoherent, when UE is configured with uplink switching with parameter uplinkTxSwitching-r16 and uplink switching is triggered by the switching mechanisms specified in sub-clause 6.1.6 of TS 38.214 between last transmitted SRS and scheduled PUSCH transmission, UE is not expected to receive TPMI for coherent codebook subset.


As stated in the LS [6], it was asked by RAN4 that if such agreements have any RAN1 spec impacts.
Tracking the background of this LS, the above agreements were captured in a RAN4 CR [7], the specific change part is copied and highlighted as below:
	< Start of first change >
[bookmark: _Toc67916159][bookmark: _Toc61359220][bookmark: _Toc61357446][bookmark: _Toc59650176][bookmark: _Toc45888858][bookmark: _Toc45888259][bookmark: _Toc37251390][bookmark: _Toc36107624][bookmark: _Toc29802882][bookmark: _Toc29802257][bookmark: _Toc29801833][bookmark: _Toc21344347]6.4D.4 	Requirements for coherent UL MIMO
For coherent UL MIMO, Table 6.4D.4-1 lists the maximum allowable difference between the measured relative power and phase errors between different antenna ports in any slot within the specified time window from the last transmitted SRS on the same antenna ports, for the purpose of uplink transmission (codebook or non-codebook usage) and those measured at that last SRS. The requirements in Table 6.4D.4-1 apply when the UL transmission power at each antenna port is larger than 0 dBm for SRS transmission and for the duration of time window.
Table 6.4D.4-1: Maximum allowable difference of relative phase and power errors in a given slot compared to those measured at last SRS transmitted
	Difference of relative phase error
	Difference of relative power error
	Time window

	40 degrees
	4 dB
	20 msec



The above requirements when all the following conditions are met within the specified time window:
-	UE is not signaled with a change in number of SRS ports in SRS-config, or a change in PUSCH-config
-	UE remains in DRX active time (UE does not enter DRX OFF time)
-	No measurement gap occurs
-	No instance of SRS transmission with the usage antenna switching occurs
-	Active BWP remains the same
-	EN-DC and CA configuration is not changed for the UE (UE is not configured or de-configured with PSCell or SCell(s))
-	When UE is not configured with uplink switching with parameter uplinkTxSwitching-r16; or when UE is configured with uplink switching with parameter uplinkTxSwitching-r16, and the capability [uplinkTxSwitching-PSUCH-TransCoherence] is absent or indicated as [‘coherent’]; or when UE is configured with uplink switching with parameter uplinkTxSwitching-r16, the capability [uplinkTxSwitching-PSUCH-TransCoherence] is indicated as [‘non-coherent’], and uplink switching is not triggered by the switching mechanisms specified in sub-clause 6.1.6 of TS 38.214 [10] between last transmitted SRS and scheduled transmission. 
< End of first change >


As we can see, the Table 6.4D.4-1 within TS 38.101-1 clause 6.4D.4 specifies the maximum allowable difference of relative phase and power errors of a PUSCH compared to those measured at last preceding SRS. For example, if all the conditions listed in this clause are met, then UE should meet the requirement within the time window to guarantee the performance of UL MIMO, otherwise there is no requirements specified for the UE. From our view, such RAN4 spec change is merely an update to the applicability of the concerned UE requirements for coherent UL MIMO, neither new UE behavior nor additional scheduling restriction will be introduced. Thus the aforementioned RAN4 agreements has no RAN1 spec impacts. 
Proposal 4: As a conclusion, there is no RAN1 specification impact due to the RAN4 agreements for Tx switching in LS R1-2106431.


Conclusions
In this contribution, remaining issues of uplink Tx switching are discussed. The following proposals are provided:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Adopt the TP1 for TS 38.214 clause 6.2.1.3 in Appendix for uplink suspension of SRS carrier switching.
Proposal 2: Adopt the TP2 for TS 38.214 clause 6.2.1.3 in Appendix for prioritization rules of SRS carrier switching.
Proposal 3: For a UE configured with UL Tx switching on two uplinks and configured with SRS carrier switching for a third uplink, if a uplink transmission is scheduled after a SRS carrier switching occurrence and the time interval between the first symbol of the uplink transmission and the last symbol of SRS transmission is less than or equal to an interval of 13 symbols plus the RF retuning time required by SRS carrier switching, then the last symbol of PDCCH scheduling the uplink transmission should be no later than at symbol L, where the time interval between symbol L and the first symbol of SRS transmission is larger than symbols plus the RF retuning time.
· In case of different SCS between the uplink transmission and the SRS transmission, the 13 symbols are with respect to the smaller SCS.
Proposal 4: As a conclusion, there is no RAN1 specification impact due to the RAN4 agreements for Tx switching in LS R1-2106431.
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Appendix
A.1. TP1 for the clarification of SRS carrier switching in 38.214 clause 6.2.1.3
	<Unchanged parts are omitted – 38.214>
6.2.1.3	UE sounding procedure between component carriers
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., and also the uplink transmission on carrier c3 if the UE is configured with uplinkTxSwitching-r16 for uplink switching between uplink carrier c2 and c3.
<Unchanged parts are omitted – 38.214>


A.2. TP2 for the clarification of SRS carrier switching in 38.214 clause 6.2.1.3
	<Unchanged parts are omitted – 38.214>
6.2.1.3	UE sounding procedure between component carriers
For a carrier of a serving cell d with slot formats comprised of DL and UL symbols, not configured for PUSCH/PUCCH transmission, denote as  the corresponding carrier of a serving cell whose UL transmissions are temporarily suspended as signalled by higher layer parameter srs-SwitchFromServCellIndex and srs-SwitchFromCarrier. Define the set  as the set of carriers of serving cells that each carrier meets one of the following conditions:
-	 is in the same band as , or  and  are both configured with uplinkTxSwitching-r16.
-	 is in the same TAG as .
where .
<Unchanged parts are omitted – 38.214>
For an SRS transmission starting in symbol  of carrier  and a conflicting transmission in carrier  starting in symbol, where , the UE shall apply the prioritization / dropping rules in the remainder of this clause taking into account:
-	DCI(s) for which the time interval between the last symbol of PDCCH and  is at leastsymbols and an additional time duration ,  and the time interval between the last symbol of PDCCH and  is at least   symbols; and
-	semi-persistent CSI reports or SRS considered active at least  symbols and an additional time duration  before , and considered active at least  symbols before .
where , and the time interval unit of OFDM symbol is counted based on the smaller subcarrier spacing across  and their corresponding scheduling cells.
The following prioritization rules shall be applied in case of collision between a transmission of SRS over carrier  and transmission of a physical signal/channel over a carrier of a serving cell in set :
-	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 on a carrier of a serving cell in set  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].
-	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 on a carrier of a serving cell in set  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].
-	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/semi-persistent CSI comprising only CQI/PMI/L1-RSRP/L1-SINR, and/or SRS transmission on a carrier of a serving cell in set  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 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].
-	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 on a carrier of a serving cell in the set 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].
<Unchanged parts are omitted – 38.214>
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