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In RAN1 #100-e [1], discussions regarding remaining issues on PUSCH preparation procedure (e.g., length of additional time, judgment condition on increment of time, etc.) have achieved plenty of agreements as cited below:
	Agreements: 
· If uplink Tx switching is triggered, the length of the additional time for PUSCH preparation procedure equals to the length of UL switching period.
Agreements:
· For SUL, if uplink Tx switching is configured, the state of Tx chains of last UL transmission is assumed in case of no UL transmission.
· Work assumption: For inter-band UL CA, if uplink Tx switching is configured, the state of Tx chains of last UL transmission is assumed in case of no UL transmission. It can be revisited in RAN1#100bis.
Clarify the following agreements with changes in red
Agreements:
· For standalone SUL, if UL switching period is configured by RRC
· The switching period is not always applicable on the carrier configured with switching period.
· The switching period is only applicable when the scheduled UL transmissions are switched between 1Tx carrier 1 and 2Tx carrier 2. 
· For each UL transmission occasion on a carrier, the existence of the switching period is determined one time every occasion.
· Note: 2Tx carrier 2 refers to an UL carrier capable of 2 Tx chains and both 1-port and 2-port UL transmissions.


Further, more agreements achieved towards some remaining issues on UL-CA as below:
	Agreement:
· For inter-band UL CA, if uplink Tx switching is configured, UE is not expected to be scheduled or configured with UL transmissions that result in simultaneous 1Tx transmission on carrier 1 and 2Tx transmission on carrier 2.
Working assumption:
· For inter-band UL CA, if option 2 is supported, the following sub-option 2-3 is defined.
· Minimize RAN1 impact
· No new RAN4 impact
· No new TDM pattern
· It can be revisited in future RAN1 meeting with taking into consideration any relevant RAN4 decisions on DL interruption for UL Tx switching.
· Option 2-3
	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P


Agreements:
	Case 1
	1 Tx on carrier 1 and 1 Tx on carrier 2

	Case 2
	0 Tx on carrier 1 and 2 Tx on carrier 2


· For inter-band UL CA, if UL switching period is configured by RRC
· The switching period is not always applicable on the carrier configured with switching period.
· The switching period is at least applicable between 1-port transmission in carrier 1 and 2-port transmission in carrier 2.
Agreements:
· For inter-band UL CA, UE is not expected to [be scheduled or configured to] transmit on any of the two carriers in the switching period.
FFS: Whether to handle the case when switching period cannot be ensured by gNB.


In this contribution our analysis and views on the remaining issues for the introduction of Tx switching are provided.
[bookmark: _Ref129681832]Discussion
Discussion on the remaining issues of introducing Tx switching
Issue #1: Whether other processing time needs additional time to support switching 
It has been agreed in the last meeting RAN1 #99 that additional time is needed for PUSCH preparation procedure. Further, during RAN1 #100 e-meeting, below agreement has been achieved:
	Agreements:
· If uplink Tx switching is triggered, the length of the additional time for PUSCH preparation procedure equals to the length of UL switching period.


Thus, if uplink Tx switching is triggered, following processing time should also be checked to find whether the additional time is necessary:
a) 
If UE is scheduled to transmit multiple overlapping PUCCHs or overlapping PUCCH(s) and PUSCH(s) in a slot, then above processing time should be satisfied. Regarding TS 38.213 subclause 9.2.5,  is introduced when there is no aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUSCH(s) and PUCCH(s) or only multiple PUCCH(s) is overlapping. 
If there is at least one PUSCH overlapping with PUCCH(s), the calculation formula of  will be:

Noted this timeline is measured between the end of the last symbol of PDCCH and the start of the first symbol belongs to the earliest UL transmission of the overlapping group. Hence possibly UE may be aware of Tx switching after detecting the DCI which is scheduling this earliest PUSCH, which is also the start time for baseband processing procedure for this PUSCH. As a result, Tx switching time should be added.
Similarly, when there are only overlapping PUCCHs, timeline calculation formula, which is also related to PUSCH processing capability will be: 

It may be not enough for UE to tackle the additional time if Tx switching is triggered, either.
Observation 1: If UE is scheduled overlapping PUCCHs or overlapping PUSCH(s) and PUCCH(s) transmissions and each UL transmission is over a single slot without repetitions, additional time is needed for  when Tx switching is triggered.
Similar to the additional time for , it is UE implementation friendly to assume the prepare procedure corresponding to baseband and hardware Tx switching not in parallel. Therefore, reasonable formula should be like below, where  equals to the time duration of Tx switching related to UE capability:
 or

Proposal 1: For a UE which supports UL Tx switching, additional time is needed for the calculation of  if uplink Tx switching is triggered:
· , when there are a group of overlapping PUSCH(s) and PUCCH(s).
· , when there are a group of overlapping PUCCHs.
Where  equals to the length of UL switching period reported by UE.
A corresponding TP can be found in Appendix, i.e. TP1.
[bookmark: _GoBack]Proposal 2: Adopt the TP1 in Appendix. 

Issue #2: Whether additional scheduling restriction is necessary on potential twisted order of arrivals of DL grants and UL grants
During the discussion of last meeting, the following proposal was discussed:
	Proposal:
· Uplink switching is triggered and additional time is needed for PUSCH preparation procedure in the following cases:
· For SUL UEs incapable of UE feature simultaneousTxSUL-NonSUL
· The current transmission occasion and the last transmission occasion are on different uplink carrier
· FFS: whether the case is supported where a UE capable of simultaneousTxSUL-NonSUL can be configured with both the mode of Uplink Tx switching and an operation with simultaneous transmission of SRS on an UL carrier and PUSCH/PUCCH/SRS on the other UL carrier.
· Note: It has been agreed that The switching period is only applicable when the UL transmissions are switched between 1Tx carrier 1 and 2Tx carrier 2.


An issue was raised for the case of potential twisted order scheduling as “The UE doesn’t expect to receive any dynamic DL grant or UL grant after preparation time before the current transmission that would cancel the triggered switch or would trigger another switch before the current transmission”
For the non-twisted order scheduling, as depicted in Figure 1, a UE, which is working under Tx switching mode and using 2 active Tx chains on carrier 2, is scheduled to transmit PUSCH in slot 8 on carrier 2 by the corresponding DCI which is carried by the PDCCH in slot 2. For the PUSCH in slot 8, both network (NW) and UE know there exists Tx switching because the former UL transmission is conducted on carrier 1. Hence the switching gap exists and the additional time should be considered in the  calculation. In slot 4, UE receives another PDCCH that carries the DCI scheduling PUSCH in slot 9. 
[image: ]
Figure 1. Illustration of the non-twisted order scheduling
As in Table 1, there is still no misunderstanding about UE Tx chain status between NW and UE, because the last UL transmission i.e. the PUSCH in slot 8 is scheduled by a DCI earlier than the DCI scheduling current PUSCH in slot 9. 
Table 1. Understanding of Tx switching gap between NW and UE with non-twisted order scheduling
	
	Slot 3
	Slot 4

	NW
	Switching gap and additional time exists for PUSCH in slot 7
	Switching gap and additional time doesn’t exist for PUSCH in slot 8 or 9

	UE
	Switching gap and additional time exists for PUSCH in slot 7
	Switching gap and additional time doesn’t exist for PUSCH in slot 8 or 9


For the twisted order scheduling, the last UL transmission is scheduled by a DCI later than the DCI scheduling current transmission, e.g., NW could send DL grant in slot 4 on carrier 2, and the HARQ feedback corresponding to the scheduling PDSCH in slot 4 will be transmitted in slot 7, as shown in Figure 2.
[image: ]
Figure 2. Example of the potential scheduling limitation due to twisted order scheduling
Recalling the agreement about the additional time for , UE is assumed to sequentially process baseband preparing procedure and Tx chain switching. Therefore, we feel that it is reasonable to assume that UE will conduct Tx chain switching just before the start of the slot 8 PUSCH transmission as in Figure 2. 
During slot 4 in Figure 2, from UE perspective, the UE can relocate the switching at the end of slot 6 if the preparation time budget is met, resulting no gap for the PUSCH in slot 7 and the whole slot 7 used for PUCCH transmission. Such understanding is summarized in Table 2. 
Table 2. Understanding of Tx switching gap between NW and UE towards twisted order scheduling
	
	Slot 3
	Slot 4

	NW
	Switching gap and additional time exists for PUSCH in slot 7
	Switching gap and additional time exist for PUCCH in slot 6 if the preparation time budget is met, otherwise still in slot 7

	UE
	Switching gap and additional time exists for PUSCH in slot 7
	Switching gap and additional time exist for PUCCH in slot 6 if the preparation time budget is met, otherwise still in slot 7


To be specific, the minimum preparation time requirement for the preparation procedure of PUSCH with triggered UL Tx switching is:    

Thus, as the cut-off time T0- shown in Figure 3, the UE is not expected to receive any DL grant DCI after T0-, which schedules a UL transmission starting before T0 of the PUSCH. In the rest of cases, the UE has enough time to relocate the hardware switching to slot 6 and slot 7 can be scheduled for the PUCCH.
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Figure 3. Illustration of the cut-off time towards out-of-order scheduling
It is interesting to figure out the probability of invalid twisted-order scheduling. Actually, according to the description of the calculation of  and  in TS 38.214:
	N1 is based on µ of table 5.3-1 and table 5.3-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µPDCCH, µPDSCH, µUL) resulting with the largest Tproc,1, where the µPDCCH corresponds to the subcarrier spacing of the PDCCH scheduling the PDSCH, the µPDSCH corresponds to the subcarrier spacing of the scheduled PDSCH, and µUL corresponds to the subcarrier spacing of the uplink channel with which the HARQ-ACK is to be transmitted, and κ is defined in subclause 4.1 of [4, TS 38.211].
……
N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2, where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in subclause 4.1 of [4, TS 38.211].


The biggest  and  will be picked according to the smallest SCS configuration and UE capability. Assuming a UE indicates PDSCH processing capability 1 and PUSCH capability 1, then as in Table 5.3-1 and Table 6.4-1 of TS 38.214, the maximum difference between  and  is 6 OFDM symbol which is in case of  SCS 60kHz. But  only measures the gap between the PDSCH scheduled by the DL grant and the PUCCH, the time budget between the PDCCH carries the DL grant and the scheduled PDSCH is at least 5 OFDM symbol specified in TS 38.214. Since the PUCCH will at least occupy one OFDM symbol, the time duration between a DL grant and a PUCCH is always longer than the gap  between a UL grant and a PUSCH. In other words, in the scheme shown in Figure 3, the UE has always sufficient time budget to handle probably those three transmissions as long as  and  budget requirements are met. 
	Table 5.3-1: PDSCH processing time for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ pos0 in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB 
or if the higher layer parameter is not configured 

	0
	8
	N1,0

	1
	10
	13

	2
	17
	20

	3
	20
	24


Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1
	

	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36





Therefore, the aforementioned twisted order scheduling will never occur.
Observation 2: In case of SUL, the twisted-order scheduling, i.e., the case that UE receives a DL grant latter than a UL grant while the PUCCH scheduled by the DL grant is transmitted earlier than the PUSCH scheduled by the UL grant, have been prevented by the existing T_proc,2 and T_proc,1 restrictions. No further scheduling restriction is needed.
In conclusion, the aforementioned proposal should be adopted without further scheduling restriction, as follow.
Proposal 3: Confirm that Uplink switching is triggered and additional time is needed for PUSCH preparation procedure:
· For SUL UEs incapable of UE feature simultaneousTxSUL-NonSUL
· The current transmission occasion and the last transmission occasion assumed by the UE at T0 - Toffset are on different uplink carrier, where T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively. 

Downlink interruption introduced by Tx swiching
According to RAN4 LS [2], it is requested to feedback if there is potential RAN1 spec impact for DL reception interruption in some scenarios. DL interruptions have been introduced for long time in RAN4 specification, however, they never result in any UE behavior specified in TS 38.213 and TS 38.214. Normally, if there exists DL interruption, TS 38.133 is more appropriate to capture the related requirements. It is up to BS station whether to send DL to UE at the cost of DL interruption or not, which does not require RAN1 specification impact. So there is no need to introduce redundant RAN1 specification impacts.    
Proposal 4: Following the precedent of handling DL interruption, there is no potential RAN1 specification impact if there is DL interruption introduced by UL Tx switching.
On the additional time for PUSCH preparation procedure
Based on RAN1 #100-e discussion, how to capture the agreement about adding new component to  is not aligned. Basically, there are two options, one is directly adding the , i.e. Tx switching time in microsecond unit, to  like below:
· Option 1: 
The other is adding the symbol-based , i.e. Tx switching time rounded-up in OFDM symbol unit, as below:
· Option 2: 
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Figure 4. Illustration of Option 1 and Option 2 from UE perspective
As illustrated in Figure 4, due to the TA value, the symbol grid of UL from UE perspective is always not aligned with the symbol grid of DL. According to the specification in TS 38.214 section 6.4 as below:
	6.4	UE PUSCH preparation procedure time

If the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot offset K2 and the start and length indicator SLIV of the scheduling DCI and including the effect of the timing advance, is no earlier than at symbol L2, where L2 is defined as the next uplink symbol with its CP starting after the end of the reception of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block.


After receiving the PDCCH, UE will figure out the nearest available OFDM symbol for potential PUSCH, i.e., symbol , in light of the timeline requirement . Only if the PUSCH scheduled by the UL grant carried in PDCCH doesn’t start earlier than symbol , then UE will treat the UL grant as a valid scheduling. 
When Tx switching is triggered and assuming the switching time is smaller than the duration of one OFDM symbol, whether to round up the switching time, which is reported by UE in microsecond unit, may impact the judgment of the location of symbol . From the example in Figure 4, round up the switching time will occupy one more OFDM symbol than not round up. Hence, it is not necessary to round up the Tx switching time from microsecond to OFDM symbol.
Observation 3: Because of the presence of TA, a round-up process on OFDM symbol basis for calculating PUSCH preparation timing has always existed between DL symbol grids and UL symbol grids, which has provided a nontrivial time margin of UL symbol length minus TA length. The effective preparation budget requirement for PUSCH is unnecessarily increased if an additional rounding up is introduced to the switching time in microsecond unit.
In conclusion, we feel that Option 1 is a suitable solution to capture the agreement in RAN1 #99. A corresponding TP can be found in Appendix, i.e. TP2.
Proposal 5: Adopt the TP2 in Appendix.
On the introduction of Tx switching for EN-DC
During the email discussion in RAN1 #100-e, a general scheme without TDM pattern of HARQ timing case 1 towards introducing Tx switching to EN-DC was suggested as following:
	· For EN-DC, if a UE is configured with operation of uplink Tx switching:
· If the UE does not have UL transmissions, the state of Tx chains of last UL transmission is assumed.
· Note: the location of any switching period still follows RAN4 agreements.
· A switching period is required in the following cases,
· For a LTE UL transmission, the last UL transmission is a NR 2-port transmission. 
· For a NR UL transmission, the last UL transmission is a LTE transmission
· FFS: other cases pending on the down-selection between Option1 and Option2 below.
· Note: Rel-15 and Rel-16 EN-DC HARQ timing case 1 with FDD/TDD PCell can be reused to support uplink Tx switching
· Down selection on the following two options:
· Option 1: the UE is not expected to be scheduled or configured UL transmissions in NR overlapping with LTE subframes designated as UL in the reference DL/UL configuration of EN-DC HARQ timing case 1 if configured.
· For UE capable of dynamic power sharing and configured with Rel-16 EN-DC HARQ timing case1, LTE PUSCH/SRS transmission is expected to be transmitted only within LTE subframes designated as UL in the reference DL/UL configuration.
· A switching period is not required for an UL transmission if the last UL transmission is of the same RAT
· Option 2: the UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port PUSCH/PUCCH/SRS transmission. 
· No change to LTE operation.


Apparently, option 2 requires UE to support dynamical switching between single uplink transmission and normal EN-DC mode which can support concurrent UL transmission. As we have already discussed in [3], such requirement will introduce big RAN1 spec impacts, the implementation complexity of UE and NW complexity (may require tight coordination between two NWs) will also be raised. As for option 1, reusing the existing TDM pattern (Rel-16 EN-DC HARQ timing case 1) can help to minimize the spec impact for supporting EN-DC uplink Tx switching. Besides, the UE behavior under Rel-15/Rel-16 EN-DC HARQ timing case 1 is almost the same, main different is whether support LTE PRACH transmission beyond the TDM pattern. In conclusion, option 1 is a suitable solution for single uplink transmission for EN-DC UE,, but at current stage, a down selection can be further discussed. 
Proposal 6: For EN-DC, if a UE is configured with operation of uplink Tx switching:
· If the UE does not have UL transmissions, the state of Tx chains of last UL transmission is assumed.
· Note: the location of any switching period still follows RAN4 agreements.
· A switching period is required in the following cases,
· For a LTE UL transmission, the last UL transmission is a NR 2-port transmission. 
· For a NR UL transmission, the last UL transmission is a LTE transmission
· FFS: other cases pending on the down-selection between Option1 and Option2 below.
· Note: Rel-15 and Rel-16 EN-DC HARQ timing case 1 with FDD/TDD PCell can be reused to support uplink Tx switching
· Down selection on the following two options:
· Option 1: the UE is not expected to be scheduled or configured UL transmissions in NR overlapping with LTE subframes designated as UL in the reference DL/UL configuration of EN-DC HARQ timing case 1 if configured.
· For UE capable of dynamic power sharing and configured with Rel-16 EN-DC HARQ timing case1, LTE PUSCH/SRS transmission is expected to be transmitted only within LTE subframes designated as UL in the reference DL/UL configuration.
· A switching period is not required for an UL transmission if the last UL transmission is of the same RAT
· Option 2: the UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port PUSCH/PUCCH/SRS transmission. 
· No change to LTE operation.
On the introduction of Tx switching for UL-CA
For UL-CA case, following two options were discussed in RAN1 #99:
· Option 1: UE is not expected to be scheduled or configured with UL transmission on both carrier 1 and carrier 2 simultaneously.
	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P

	Case 2
	0T+2T
	0P+2P, 0P+1P


· Option 2: UE can be scheduled simultaneous UL transmission on carrier 1 and carrier 2 for case 1.
	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P


Since the concurrent UL transmission on carrier 1 and carrier 2 of Option 2 Case 1 has already been supported by the normal UL-CA mode, then we would like to adopt Option 1 Tx switching mechanism for the UL-CA.
Proposal 7: For UL-CA with Tx switching, Option 1 is adopted:
· A UE, if supports, can be switched between Tx switching mode and normal UL-CA mode by RRC reconfiguration.
Whether the Option 2 has gain
The only difference between Option 2 and our proposed scheme is whether to support dynamic switching between concurrent and non-concurrent UL transmission on two carriers in Case 1. For instance, when a UE locates at the edge of a cell, then this UE will only be scheduled UL transmission on carrier 1 because of limited UL power. Further, if the UE is located near the center of the cell, which is bandwidth limited scenario, then it could be scheduled two antenna ports transmission on carrier 2 which could both achieved by Option 1 and Option 2. Besides, for a UE located in the medium range of the cell and the channel condition could only support rank 1 transmission, the gain of precoding selection of two ports on carrier can still be achieved over single port transmission. Thus, there is no clear gain to introduce dynamic switching between concurrent and non-concurrent UL transmission on two carriers in Case 1. 
Observation 4: For UL-CA Tx switching, Option 2 has no clear gain.
Whether adopt the Option 2 align with WID
According to the WID, the RAN1 spec impact should be minimized. Comparing to Option 2, Option 1 has clear and simple spec impact and thus fulfill the scope of WID. However, Option 2 has much more spec impacts because complicate scheduling mapping as below:
Assuming Option 2 is adopted, considering the following 4 cases when a UL-CA UE under Tx switching mode is scheduled by the corresponding UL grant to switch between Case 1 and Case 2:
1. Switch from 1P+0P (1T+1T Case 1) to 0P+1P (0T+2T Case 2).
2. Switch from 1P+1P (1T+1T Case 1) to 0P+1P (0T+2T Case 2).
3. Switch from 0P+1P (1T+1T Case 1) to 0P+1P (0T+2T Case 2).
4. Switch from 0P+2P (0T+2T Case 2) to 0P+1P (1T+1T Case 1).
For the above four cases, Tx chain state is changed and the time gap should be preserved for the UL transmissions. 
Furthermore, UL transmission can be scheduled as cases below:
5. Switch from 1P+0P (1T+1T Case 1) to 0P+1P (1T+1T Case 1).
6. Switch from 1P+1P (1T+1T Case 1) to 0P+1P (1T+1T Case 1).
7. Switch from 0P+2P (0T+2T Case 2) to 0P+1P (0T+2T Case 2).
8. Consecutive scheduling of 0P+1P (1T+1T Case 1).
9. Consecutive scheduling of 0P+1P (0T+2T Case 2).
Apparently, switching gap doesn’t exist for these cases since Tx chain status is not change. But UE cannot tell the aforementioned cases with the same UL grant. For instance, if UE is scheduled a 1P UL transmission on carrier 1, and Tx chain status is 1T+1T, and UE receives a UL grant indicates another 1P UL transmission on carrier 2, then UE cannot know whether to conduct Tx chain switching or not, similar issue could be found as we illustrated above. Therefore, Option 2 introduces big ambiguity for UL grant indication.  
To tackle such a mapping, a couple of potential solutions could be:
· Explicit DCI indication, e.g. indicating whether 1T or 2T on carrier 2
· Inexplicit methods, such as:
· Reuse Rel-16 ULFP mode 2 as mentioned in [4].
· Scheduling restriction, e.g. UL phase as described in [5].
They are all much more complicate than Option 1 and result in much more RAN1 spec impacts. No mention that, the ice burger of spec impacts for Option 2 has not fully unveiled yet. Given that its gain is unclear and large spec impacts compared to Option 1, it is not aligned with WID.
Proposal 8: To fully shape Option 2 for UL-CA with UL Tx switching, a package of potential spec impacts should be discussed and identified first before any conclusion of support of Option 2.
TP for capturing agreements of last two meetings
There were no much time slot for editor CR or TP to capture the existing agreements of last two meeting. Therefore, in Appendix, the TP3 is proposed and should be endorsed.
Proposal 9: To capture the agreements of last two meetings, endorse the TP3 in Appendix.

Conclusions
In this contribution, analysis towards the remaining problems of introducing Tx switching are provided. The following observations and proposals are given:

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: If UE is scheduled overlapping PUCCHs or overlapping PUSCH(s) and PUCCH(s) transmissions and each UL transmission is over a single slot without repetitions, additional time is needed for  when Tx switching is triggered.
Observation 2: In case of SUL, the twisted-order scheduling, i.e., the case that UE receives a DL grant latter than a UL grant while the PUCCH scheduled by the DL grant is transmitted earlier than the PUSCH scheduled by the UL grant, have been prevented by the existing T_proc,2 and T_proc,1 restrictions. No further scheduling restriction is needed.
Observation 3: Because of the presence of TA, a round-up process on OFDM symbol basis for calculating PUSCH preparation timing has always existed between DL symbol grids and UL symbol grids, which has provided a nontrivial time margin of UL symbol length minus TA length. The effective preparation budget requirement for PUSCH is unnecessarily increased if an additional rounding up is introduced to the switching time in microsecond unit.
Observation 4: For UL-CA Tx switching, Option 2 has no clear gain.
Proposal 1: For a UE which supports UL Tx switching, additional time is needed for the calculation of  if uplink Tx switching is triggered:
· , when there are a group of overlapping PUSCH(s) and PUCCH(s).
· , when there are a group of overlapping PUCCHs.
Where  equals to the length of UL switching period reported by UE.
Proposal 2: Adopt the TP1 in Appendix.
Proposal 3: Confirm that Uplink switching is triggered and additional time is needed for PUSCH preparation procedure:
· For SUL UEs incapable of UE feature simultaneousTxSUL-NonSUL
· The current transmission occasion and the last transmission occasion assumed by the UE at T0 - Toffset are on different uplink carrier, where T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively. 
Proposal 4: Following the precedent of handling DL interruption, there is no potential RAN1 specification impact if there is DL interruption introduced by UL Tx switching.
Proposal 5: Adopt the TP2 in Appendix.
Proposal 6: For EN-DC, if a UE is configured with operation of uplink Tx switching:
· If the UE does not have UL transmissions, the state of Tx chains of last UL transmission is assumed.
· Note: the location of any switching period still follows RAN4 agreements.
· A switching period is required in the following cases,
· For a LTE UL transmission, the last UL transmission is a NR 2-port transmission. 
· For a NR UL transmission, the last UL transmission is a LTE transmission
· FFS: other cases pending on the down-selection between Option1 and Option2 below.
· Note: Rel-15 and Rel-16 EN-DC HARQ timing case 1 with FDD/TDD PCell can be reused to support uplink Tx switching
· Down selection on the following two options:
· Option 1: the UE is not expected to be scheduled or configured UL transmissions in NR overlapping with LTE subframes designated as UL in the reference DL/UL configuration of EN-DC HARQ timing case 1 if configured.
· For UE capable of dynamic power sharing and configured with Rel-16 EN-DC HARQ timing case1, LTE PUSCH/SRS transmission is expected to be transmitted only within LTE subframes designated as UL in the reference DL/UL configuration.
· A switching period is not required for an UL transmission if the last UL transmission is of the same RAT
· Option 2: the UE is expected to be able to simultaneously transmit in LTE and NR, if NR carrier is configured with 1 port PUSCH/PUCCH/SRS transmission. 
· No change to LTE operation.
Proposal 7: For UL-CA with Tx switching, Option 1 is adopted:
· A UE, if supports, can be switched between Tx switching mode and normal UL-CA mode by RRC reconfiguration.
Proposal 8: To fully shape Option 2 for UL-CA with UL Tx switching, a package of potential spec impacts should be discussed and identified first before any conclusion of support of Option 2.
Proposal 9: To capture the agreements of last two meetings, endorse the TP3 in Appendix.
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Appendix
A.1. TP1 for  in 38.213
	<Unchanged parts are omitted – 38.213>
9.2.5	UE procedure for reporting multiple UCI types
This Clause is applicable to the case that a UE has resources for PUCCH transmissions or for PUCCH and PUSCH transmissions that overlap in time and each PUCCH transmission is over a single slot without repetitions. Any case that a PUCCH transmission is with repetitions over multiple slots is described in Clause 9.2.6. If a UE is configured with multiple PUCCH resources in a slot to transmit CSI reports
-	if the UE is not provided multi-CSI-PUCCH-ResourceList or if PUCCH resources for transmissions of CSI reports do not overlap in the slot, the UE determines a first resource corresponding to a CSI report with the highest priority [6, TS 38.214]
-	if the first resource includes PUCCH format 2, and if there are remaining resources in the slot that do not overlap with the first resource, the UE determines a CSI report with the highest priority, among the CSI reports with corresponding resources from the remaining resources, and a corresponding second resource as an additional resource for CSI reporting 
-	if the first resource includes PUCCH format 3 or PUCCH format 4, and if there are remaining resources in the slot that include PUCCH format 2 and do not overlap with the first resource, the UE determines a CSI report with the highest priority, among the CSI reports with corresponding resources from the remaining resources, and a corresponding second resource as an additional resource for CSI reporting
-	if the UE is provided multi-CSI-PUCCH-ResourceList and if any of the multiple PUCCH resources overlap, the UE multiplexes all CSI reports in a resource from the resources provided by multi-CSI-PUCCH-ResourceList, as described in Subclause 9.2.5.2. 
A UE multiplexes HARQ-ACK information, with or without SR, and CSI resport(s) in a same PUCCH if the UE is provided simultaneousHARQ-ACK-CSI; otherwise, the UE drops the CSI report(s) and includes only HARQ-ACK information, with or without SR, in the PUCCH. If the UE would transmit multiple PUCCHs in a slot that include HARQ-ACK information and CSI report(s), the UE expects to be provided a same configuration for simultaneousHARQ-ACK-CSI each of PUCCH formats 2, 3, and 4. 
If a UE would multiplex CSI reports that include Part 2 CSI reports in a PUCCH resource, the UE determines the PUCCH resource and a number of PRBs for the PUCCH resource or a number of Part 2 CSI reports assuming that each of the CSI reports indicates rank 1. 

If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot and, when applicable as described in Subclauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in one PUCCH, and at least one of the multiple overlapping PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE multiplexes all corresponding UCI types if the following conditions are met.  If one of the PUCCH transmissions or PUSCH transmissions is in response to a DCI format detection by the UE, the UE expects that the first symbol  of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot, satisfies the following timeline conditions

-	 is not before a symbol with CP starting after  after a last symbol of any corresponding PDSCH,  is given by maximum of  where for the i-th PDSCH with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs and PUSCHs, ,  is selected for the i-th PDSCH following [6, TS 38.214],  is selected based on the UE PDSCH processing capability of the i-th PDSCH and SCS configuration , where  corresponds to the smallest SCS configuration among the SCS configurations used for the PDCCH scheduling the i-th PDSCH (if any), the i-th PDSCH, the PUCCH with corresponding HARQ-ACK transmission for i-th PDSCH, and all PUSCHs in the group of overlapping PUCCHs and PUSCHs. 

-	 is not before a symbol with CP starting after  after a last symbol of any corresponding SPS PDSCH release.  is given by maximum of  where for the i-th PDCCH providing the SPS PDSCH release with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs and PUSCHs, ,  is described in Subclause 10.2 and is selected based on the UE PDSCH processing capability of the i-th SPS PDSCH release and SCS configuration , where  corresponds to the smallest SCS configuration among the SCS configurations used for the PDCCH providing the i-th SPS PDSCH release, the PUCCH with corresponding HARQ-ACK transmission for i-th SPS PDSCH release, and all PUSCHs in the group of overlapping PUCCHs and PUSCHs. 

-	if there is no aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHs,  is not before a symbol with CP starting after  after a last symbol of 
-	any PDCCH with the DCI format scheduling an overlapping PUSCH, and 
-	any PDCCH scheduling a PDSCH or SPS PDSCH release with corresponding HARQ-ACK information in an overlapping PUCCH in the slot
If there is at least one PUSCH in the group of overlapping PUCCHs and PUSCHs, is given by maximum of  where for the i-th PUSCH which is in the group of overlapping PUCCHs and PUSCHs, , and are selected for the i-th PUSCH following [6, TS 38.214],  is selected based on the UE PUSCH processing capability of the i-th PUSCH and SCS configuration , where  corresponds to the smallest SCS configuration among the SCS configurations used for the PDCCH scheduling the i-th PUSCH (if any), the PDCCHs scheduling the PDSCHs with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs/PUSCHs, and all PUSCHs in the group of overlapping PUCCHs and PUSCHs.
If there is no PUSCH in the group of overlapping PUCCHs and PUSCHs, is given by maximum of  where for the i-th PDSCH with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs, , is selected based on the UE PUSCH processing capability of the PUCCH serving cell if configured.   is selected based on the UE PUSCH processing capability 1, if PUSCH processing capability is not configured for the PUCCH serving cell.  is selected based on the smallest SCS configuration between the SCS configuration used for the PDCCH scheduling the i-th PDSCH (if any) with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs, and the SCS configuration for the PUCCH serving cell.


-	if there is an aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHs,  is not before a symbol with CP starting after  after a last symbol of
-	any PDCCH with the DCI format scheduling an overlapping PUSCH, and 
-	any PDCCH scheduling a PDSCH or SPS PDSCH release with corresponding HARQ-ACK information in an overlapping PUCCH in the slot







where  corresponds to the smallest SCS configuration among the SCS configuration of the PDCCHs, the smallest SCS configuration for the group of the overlapping PUSCHs, and the smallest SCS configuration of CSI-RS associated with the DCI format scheduling the PUSCH with the multiplexed aperiodic CSI report, and  for ,  for  and  for 








-	, , , , ,  and  are defined in [6, TS 38.214], and  and  are defined in [4, TS 38.211].
<Unchanged parts are omitted>



A.2. TP2 for  in 38.214
	--------------------------< Start of text change for TS 38.214 >--------------------------
6.4	UE PUSCH preparation procedure time
If the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot offset K2 and the start and length indicator SLIV of the scheduling DCI and including the effect of the timing advance, is no earlier than at symbol L2, where L2 is defined as the next uplink symbol with its CP starting  after the end of the reception of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block. 
-	N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2, where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in subclause 4.1 of [4, TS 38.211].
-	If the first symbol of the PUSCH allocation consists of DM-RS only, then d2,1 = 0, otherwise d2,1 = 1. 
-	If the UE is configured with multiple active component carriers, the first uplink symbol in the PUSCH allocation further includes the effect of timing difference between component carriers as given in [11, TS 38.133]. 
-	If the scheduling DCI triggered a switch of BWP, d2,2 equals to the switching time as defined in [11, TS 38.133], otherwise d2,2=0. 
-	For a UE that supports capability 2 on a given cell, the processing time according to UE processing capability 2 is applied if the high layer parameter processingType2Enabled in PUSCH-ServingCellConfig is configured for the cell and set to enable,
-	If the PUSCH indicated by the DCI is overlapping with one or more PUCCH channels, then the transport block is multiplexed following the procedure in subclause 9.2.5 of [9, TS 38.213], otherwise the transport block is transmitted on the PUSCH indicated by the DCI.
-	If an uplink switching is triggered as defined in subclause 6.1.0,  equals to the time  [indicated by UE capability [UplinkTxSwitchingPeriod], otherwise . 
Otherwise the UE may ignore the scheduling DCI.
--------------------------< End of text change for TS 38.214 >--------------------------


A.3. TP3 to capture agreements of last two meetings

	--------------------------< Start of text change for TS 38.214 >--------------------------
6.1.0 	Uplink switching
When the UE is configured in uplink switching operation with [ul-TxSwitching-r16] and it fulfills one of the following conditions, it may omit transmitting any uplink signal or channel during the uplink switching gap : 
-	A UE configured in EN-DC operation, or
-	A UE configured in UL carrier aggregation, or
-	A UE configured with supplementary UL carrier for the serving cell.

The conditions under which the switching gap may be present are defined for each of the cases in sections 6.1.0.1, 6.1.0.2, and 6.1.0.3 respectively.

[bookmark: _Toc11352102][bookmark: _Toc20317992]6.1.0.1	Uplink switching for EN-DC
For a UE indicating a capability [TxSwitchingInterBandEUTRA-NR], configured in uplink switching operation with [ul-TxSwitching-r16] and configured in EN-DC operation:
[TBD]
-	In all other cases the UE is expected to transmit normally all uplink transmissions without interruptions.
6.1.0.2	Uplink switching for Carrier Aggregation
For a UE indicating a capability [TxSwitchingInterBandUL-CA], configured in uplink switching operation with [ul-TxSwitching-r16] and configured in the UL carrier aggregation operation:
	[If the UE is to transmit a PUSCH/PRACH/PUCCH/SRS transmission occasion on a different uplink from the last transmission occasion, and if one of those two occasions is two-port transmission while the other is one-port transmission, then the UE assumes that an uplink switching is triggered for a duration of time  [indicated by UE capability [UplinkTxSwitchingPeriod].]  
6.1.0.3	Uplink switching for Supplementary Uplink
For a UE indicating a capability [TxSwitchingInterBandUL-SUL] configured in uplink switching operation with [ul-TxSwitching-r16], and a supplementary UL carrier is configured for a serving cell:
-	If the UE is to transmit a PUSCH/PRACH/PUCCH/SRS transmission occasion on a different uplink from the last transmission occasion, then the UE assumes that an uplink switching is triggered for a duration of time  [indicated by UE capability [UplinkTxSwitchingPeriod]. 
--------------------------< Unchanged text are omitted for TS 38.214 >--------------------------
[bookmark: _Toc11352166][bookmark: _Toc20318056][bookmark: _Toc27299954][bookmark: _Toc29673231][bookmark: _Toc29673372][bookmark: _Toc29674365][bookmark: _Toc36645595]6.4	UE PUSCH preparation procedure time

[bookmark: _Hlk496825264][bookmark: _Hlk496824447][bookmark: _Hlk496824026]If the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot offset K2 and the start and length indicator SLIV of the scheduling DCI and including the effect of the timing advance, is no earlier than at symbol L2, where L2 is defined as the next uplink symbol with its CP starting  after the end of the reception of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block. 
-	N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2, where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in clause 4.1 of [4, TS 38.211].
-	If the first symbol of the PUSCH allocation consists of DM-RS only, then d2,1 = 0, otherwise d2,1 = 1. 
-	If the UE is configured with multiple active component carriers, the first uplink symbol in the PUSCH allocation further includes the effect of timing difference between component carriers as given in [11, TS 38.133]. 
-	If the scheduling DCI triggered a switch of BWP, d2,2 equals to the switching time as defined in [11, TS 38.133], otherwise d2,2=0. 
[bookmark: _Hlk530136445]-	For a UE that supports capability 2 on a given cell, the processing time according to UE processing capability 2 is applied if the high layer parameter processingType2Enabled in PUSCH-ServingCellConfig is configured for the cell and set to enable,
-	If the PUSCH indicated by the DCI is overlapping with one or more PUCCH channels, then the transport block is multiplexed following the procedure in clause 9.2.5 of [6, TS 38.213], otherwise the transport block is transmitted on the PUSCH indicated by the DCI.
-	If an uplink switching is triggered as defined in subclause 6.1.0,  equals to the time  [indicated by UE capability [UplinkTxSwitchingPeriod], otherwise . 

Otherwise the UE may ignore the scheduling DCI. 

The value of  is used both in the case of normal and extended cyclic prefix.
Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1
	

	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36



Table 6.4-2: PUSCH preparation time for PUSCH timing capability 2
	

	PUSCH preparation time N2 [symbols]

	0
	5

	1
	5.5

	2
	11 for frequency range 1



--------------------------< End of text change for TS 38.214 >--------------------------
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